(I.,  i' 


*'*  /*■; 


BOSTON 

MEDICAL   LIB  BART 

8  THE  FENWAY 


!■.!■'-!:)• 


I:;;i 


I 


i 


i;:i 


■ 
il 


5^-:iiMtf 


■0r  : ;;: 

■■  ■  •  j-  •-•„'  ■•     ■ 
•  '.''»''"*f  ■%-  f' 

--»>•■  «■■.  ■  ^  • 


^.  .,\         -      ■  ,  '.^■;^  V<*^;  ^-;.7^-> 


QUAIN'S  ANATOMY, 


Digitized  by  the  Internet  Archive 

in  2011  with  funding  from 

Open  Knowledge  Commons  and  Harvard  Medical  School 


http://www.archive.org/details/quainselementsof002quai 


Q.UAIN'S 

ELEMENTS   OF   ANATOMY 


EDITED    BY 

WILLIAM    SHARPEY,    M.D,    LL.D.,    F.RS.    L.    &    E 

EMEEITQiS   PROFESSOR   OF   ANATOMY   AND    PHYSTOLOGV   IN   UNIVERSITY   COLLFGE,    LONDON 

ALLEN    THOMSON,    M.D.,    LL.D.,    F.R.S.    L.    &    K, 

PROFESSOR    OF   ANAT05IY    IN   THE    UNIVERSITY'   OF  GLASGOW 
AXD 

EDWARD    ALBERT    SCHAFER 

ASSISTANT   PROFESSOR   OF   PHY'SIOLOGY'    IN   UNIVERSITY'   C0LI,EGF,    LONDON 


IN   TWO   VOLUMES. 


ILLUSTRATED     BY     UPWARDS     OF     950     ENGRAVINGS     ON     WOOD. 


VOL.  11. 


d^iS^ti^    O^tiition. 


LONDON : 
LONGMANS,    GREEN,    AND     CO., 

1878. 


T.ONDON  : 
BRADBURY,  AGNEW,  &  CO.,   PRINTERS,   WHITEFRIARS. 


^^.  7i' 


'^"*''"\fc^'iVW'^i'l^    ^ 


CONTENTS. 


GENERAL  ANATOMY. 


page 

page 

General  Considerations  on  thi 

Blood- Vessels,  &c. 

92 

Textures 

I 

Formation  and  Growth  of  Bone 

94 

Enumeration  of  the  Textures 

I 

Ossification  in  Membrane  . 

94 

Organic  Systems 

I 

Ossification  in  Cartilage  . 

97 

Stnictural  Elements 

2 

Growth     and    Absorption     0 

Physical  Properties    . 

2 

Bone      .... 

103 

Chemical  Composition  . 

3 

Muscular  Tissue 

107 

Vital  Properties 

4 

Structure  of  Voluntary  Muscles 

108 

Development  of  the  Textures 

6 

Sheath       .... 

108 

The  A^egetable  Cell     . 

7 

Fasciculi 

109 

The  Animal  Cell  . 

8 

Fibres        .... 

in 

Nutrition  and    Kegeneration  o 

f 

Blood- Vessels.  &c. 

116 

the  Textures  . 

i6 

Involuntary  Muscles 

118 

The  Blood      .... 

i8 

Development    and    Growth     0 

Physical  and  Organic  Constitu 

Muscle  .... 

120 

tion        .... 

i8 

>      Composition    and  Properties  o 

Chemical  Composition  . 

25 

Muscular  Tissue 

.     121 

Coagulation  of  the  Blood   . 

34 

Nervous  System 

125 

The  Lymph  and  Chyle 

37 

Sti'uctural  Elements 

126 

Formation  of  the  Corpuscles  o 

f 

White  or  MeduUated  Fibres 

126 

the  Lymph  and  Chyle     . 

40 

Grey  Fibres 

131 

Formation    of    the    Blood-Cor 

Ganglia. 

136 

puscles      .... 

40 

The  Cerebro-Spinal  Nerves 

140 

Epithelial,    Epidermic,  or  Ctr 

The  Sympathetic  or  Ganglioni 

TicuLAR  Tissue     . 

42 

Nerves      .... 

156 

Ciliated  Epithelium 

46 

Chemical  Composition 

159 

Pigment      .... 

51 

Vital  Properties     . 

160 

Connective  Tissue 

52 

Development  of  Nerves     . 

161 

The  Areolar  Tissue     . 

53 

Blood- Vessels 

163 

Adipose  Tissue 

59 

Arteries.   .... 

164 

Fibrous  Tissue  . 

63 

Veins 

172 

Yellow  or  Elastic  Tissue 

66 

Smaller  Arteries  and  Veins  ant 

Special  Varieties  of  Connective 

Capillaries 

175 

Tissue    .... 

68 

Development  of  Blood- Vessels 

180 

Development  of  the  Connectivf 

Lymphatic  System 

183 

Tissue        .... 

70 

Lymphatic  Glands     . 

191 

Cartilage  .... 

72 

Serous  Membranes 

196 

Hyaline  Cartilage  . 

72 

Synovial  Membranes 

200 

Elastic  or  Yellow  Cartilage 

78 

Mucous  Membranes 

204 

White  Fibro-Cartilage  .         .     . 

78 

The  Skin     .... 

211 

Bone  or  Osseous  Tissue    . 

79 

Epidermis,  Cuticle,  or  Scarf  Skir 

I      211 

Physical  Properties        .         .     . 

80 

Corium          .... 

213 

Chemical  Composition 

So 

Nails  and  Hairs 

217 

Structure       

81 

Glands  of  the  Skin 

226 

Periosteum        .         .         .        . 

91 

Secreting  Glands 

231 

Marrow 

91 

Ductless  or  Vascular  Glan-ds 

238 

CONTENTS. 


SPECIAL  ANATOMY  OF   THE   VISCERA. 


PAGE 

PAGE 

The  Thoracic  Viscera. 

239 

The  Large  Intestine  . 

371 

The  Pericardium 

239 

Structure  . 

371 

The  Heart     .... 

242 

Special   Characters   and   C 

on- 

Position  of  the  Parts  of  tlie  Heart 

nections    of    the    Different 

with  Relation  to  the  Wall  of 

Parts  of  the  Large  Intestine 

374 

the  Thorax     . 

253 

The  Anus  and  its  Muscles 

379 

Intimate  Structure  of  the  Heart 

255 

The  Liver     . 

380 

Dimensions  and  Weight  of  the 

Structure 

386 

Heart         .... 

262 

The  Pancreas 

394 

Organs  of  PiEspiration     . 

263 

The  Spleen 

397 

The  Trachea  and  Bronchi 

263 

Structure  . 

398 

Structure 

266 

The  Urinary  Organs 

402 

The  Lungs  and  Pleura  . 

268 

Kidneys 

402 

The  Pleurae 

268 

Suprarenal  Bodies 

413 

The  Lungs    .... 

269 

The  Ureters . 

417 

Root  of  the  Lung  . 

273 

The  Urinary  Bladder. 

419 

Structui'e  .... 

273 

Structure  . 

423 

The  Larynx  or  Organ  of  Voice 

280 

The  Urethra       . 

427 

Cartilages  of  the  Larynx 

280 

Reproductive   Organs    in 

FHE 

Ligaments  and  Joints 

283 

Male 

427 

Interior  of  the  Larynx   . 

285 

The  Prostate  Gland    . 

427 

Muscles  of  the  Larynx   . 

288 

The  Penis      . 

430 

Mucous  Membrane  and  Gland 

3    293 

Corpora  Cavernosa 

431 

Vessels  and  Nerves 

294 

Corpus  Spongiosum    . 

435 

Formation  and  Growth  of  tht 

Urethra  of  the  Male  . 

436 

■     Larynx  .... 

294 

Testicles   and  Accessory   Struc- 

Ductless  Glands    of   the    La 

tures 

440 

RYNX  AND  Trachea     . 

295 

Coverings  of  the  Testis 

and 

The  ThjToid  Body 

295 

Cord  .... 

440 

The  Thymus  Gland    . 

297 

The  Testicles     . 

445 

Organs  of  Digestion     . 

300 

Vas  Deferens  . 

450 

The  Mouth 

300 

Seminal  Vessels  and  Ejacula- 

The  Teeth     . 

301 

tory  Ducts     . 

451 

General  Characters 

301 

Vessels    and    Nerves    of 

the 

Structure  . 

306 

Testis. 

453 

Formation  of  the  Teeth 

313 

Reproductive    Organs    in 

THE 

Secondary  Dentine. 

314 

Female 

The  I'ongue 

325 

The  Vulva 

456 

Mucous  Membrane     . 

325 

The  Female  Urethra 

459 

Muscular  Substance  . 

331 

The  Vagina 

460 

The  Palate    . 

333 

The  Uterus   . 

462 

The  Tonsils 

335 

Fallopian  Tubes 

470 

Tlie  Salivary  Glands      . 

335 

The  Ovaries  . 

471 

Parotid  Gland 

335 

Structure 

472 

Submaxillary  Gland  . 

337 

The  Peritoneum    . 

481 

Sublingual  gland    . 

338 

Mammary  Glands 

486 

Structure     of     the     Salivarj 

Structure 

486 

Glands  .... 

339 

The  Cerebro-Spinal  Axis 

489 

The  P'harynx     . 

341 

Spinal  Cord  . 

489 

The  Esophagus     . 

343 

External  Form 

489 

The  Abdominal  Viscera  . 

346 

Internal  Structure      . 

494 

The  Abdomen 

346 

Minute  Structure    . 

497 

The  Peritoneum 

348 

The  Encephalon   . 

502 

The  Stomach 

349 

The  Medulla  Oblongata 

503 

Structure 

350 

The  Pons  Varolii  . 

511 

The  Small  Intestine    . 

356 

Internal  Structure . 

5" 

Structure  .... 

358 

The  Cerebellum     . 

515 

Special  Characters  and  Counec 

Internal  Structure . 

518 

tions  of  the  Different  Parts  o 

f 

Minute  Structure 

520 

the  Small  Intestine    . 

369 

The  Cerebrum    . 

522 

CONTENTS. 


PAGE 

Exterior  of  the  Cerebrum  .     .  522 
Internal  or  Median  and  Ten- 
torial Surface.         .         .     .  53^ 
Base  of  the  Cerebrum     .         .  533 
Internal  Parts  of  the  Cerebrum  537 
Internal  Structure  of  the  Cere- 
brum      .         .         .         .553 
White  Matter         .         .     .  553 
Grey  Matter        .         .         -556 
Meynert's  Terminology        .  564 
Origin  of  the  Cranial  Nerves  .  565 
Membranes    of   the    Brain   and 

Spinal  Cord    .         .         .     .  569 

The  Dura  Mater     .         .         .569 

The  Pia  Mater  .         .         .     .  571 

The  Arachnoid  Membrane       .  572 

Blood- Vessels  of  the  Brain  and 

Spinal  Cord         .         .         -576 

Blood-Supply  of  the  Brain     .  576 
Size  and  Weight  of  the  Enceph- 

alon        .         .          ...  577 

Weight  of  the  Spinal  Cord        .  582 
Specific    Gravity    of     the    En- 

cephalon         .         .         .     .  582 

Oegans  of  the  Senses       .        .  583 

The  Eye 583 

The  Eyelids  and  Conjunctiva  .  583 

The  Lachrymal  Apparatus .     .  587 

The  Globe  of  the  Eye     .         .  588 

The  Sclerotic  Coat .        •     •  589 


page 

The  Cornea         .         .         .  592 

The  Choroid  Coat  .         .     .  598 

The  Iris      ....  601 

Retina  or  Nei-vous  Tunic     .  605 
The  Vitreous  Body      .         .619 

The  Lens        .         .         ,     .  622 
Aqueous   Humour    and    its 

Chamber          .         .         .  626 

The  Ear -"626 

External  Ear .         .         .         .626 

The  Pinna      .         .         .     .  626 
The      External     Auditory 

Canal       ....  630 

The  Middle  Ear  or  Tympanam  630 

Small  Bones  of  the  Ear  .     .  635 
Ligaments   and   Muscles  of 

the  Tympanum  .         .     .  637 

The  Lining  Membrane        .  639 

Vessels  and  Nerves         .     .  640 

The  Internal  Ear  or  Labyrinth.  641 

The  Osseous  Labyrinth         .  641 

The  Membranous  Labyrinth  645 

Vestibule        .         .         .     .  645 

Semicircular  Canals     .         .  646 

Cochlea.         .         .         .     .  651 

Organ  of  Corti    .         .         .  657 

The  Nose 664 

Cartilages  of  the  Nose    .         .  665 

Nasal  Fossae       .         .         .     .  667 

Mucous  Membrane.         .         .  668 


EMBRYOLOGY ; 


OR,  DEVELOPMENT    OF   THE   F(ETUS   AND 
ITS  ORGANS. 


The  Ovttm  :  its  Matueation,  Fe- 

Intra-Embeyonio  Phenomena 

CTJNDATION,    AND    SEGMENTA- 

of Development 

691 

TION  :      FOEMATION      OF     THE 

Axial   Rudiment  of  the   Em- 

Blastodeem. 

673 

bryo  :  Cerebro-Spinal  Axis . 

691 

The  Mature  Ovarian  Ovum   .     . 

673 

The  Notochord  .         .         .     . 

692 

Distinction  of  the  Germ     . 

673 

Protovertebrse 

693 

Disappearance  of  the   Germinal 

Pleural  Cleavage  of  the  Lateral 

Vesicle          

674 

Parts  of  the  Mesoblast    .     . 

693 

Fecundation       .... 

675 

Inflection  of  the  Walls  of  the 

Segmentation  of  the  Yolk      .     . 

676 

Body  of  the  Embryo    . 

694 

In  the  Mammal's  Ovum  . 

678 

The    Cerebro-Spinal    Nervous 

In  the  Bird's  Ovum   .         .     . 

679 

Centre    .         .         .         .     . 

69s 

The    Blastodeem  :    its    Steuc- 

The  Nerves    .... 

695 

tuee  and  Relation  to  the 

Organs  of  the  Senses 

69s 

Development   of   the   Em- 

Vascular System         .         .     . 

696 

bryo     

681 

Alimentary  Canal       .         .      . 

698 

Position  and  Extent       .        .     . 

681 

Reproductive    and      Urinary 

Trilaminar  Structure 

683 

Organs  

699 

Relation    of  the   Layers  to  De- 

The Limbs      .... 

699 

velopment          .        .         .     . 

683 

Extea-Embryonic  Phenomena 

Discovery  of  the  Blastodermic 

of  Development.        .     . 

700 

Elements        .... 

685 

Foetal  Membranes  . 

700 

Shoet    Outline    of   the   moke 

TheYolk-Sac    .         .         .     . 

700 

Geneeal     Phenomena     op 

The  Amnion  .... 

703 

Development  of  the  Ovum 

689 

The  AUantois  :  Urinary  Vesicle 

704 

Distinction  of   Embryonic    and 

The  Chorion       .         .         .     , 

706 

Peripheral  Phenomena       .     . 

689 

ViUi  of  the  Chorion        .     . 

709 

CONTENTS. 


Endochorjon  or  Vascular  Layer 
of  the  Allantois  .         .         .     709 
Uteiiogestation:  Placentation    710 
Incapsulation  of  the  Ovum  in 

the  Decidua  .  .  .710 
Earliest  Observed  Human  Ova  710 
Formation  of  Decidua  .  -711 
Structure  of  the  Placenta  .  .  718 
Circulation  of   Blood    in  the 

Placenta  ....  719 
Further   Consideration    of  the 

Structure  of  the  Placenta    .     721 
General  Conclusion         .         .     723 
Separation  at  Birth  and  Eesto- 
ration  of  the  Mucous  Mem- 
brane of  the  Uterus         .     .      724 
Development    of     Particular 

Organs  and  Systems    .        .     725 
The  Skeleton  and  Organs  of 

Voluntary  Motion  .  .  725 
Vertebral  Column  and  Trunk  725 
Segmentation  of  the  Proto- 

vertebrffi  .  .  .  .  728 
Formation  of  Vertebral 
Matrices ....  730 
The  Head .  .  .  .  .  731 
The  Cranium  .  .  .  732 
The  Cranial  Flexures  .  .  733 
Formation  of  the  Mouth  and 

Hypophysis  Cerebri  .     734 

Subcranial,  Facial,  or  Pha- 
ryngeal Plates  or  Arches  .     738 
Eelations  of  Cranial  Nerves.     740 
Origin  and  Formation  of  the 

Limbs         ....     742 
Development  of  the  Muscles    .     744 
Formation  of  the  Joints .     .     745 
Development  of  the  Organs 

of  the  Nervous  System   .     746 
The  Spinal  Marrow         .         .      746 
The  Brain  or  Encephalon  .     .     750 
General  Phenomena  of  De- 
velopment in   Birds  and 
Mammals         .         .         .     750 
Farther  Development  of  the 
Brain  in  Man  and  Mam- 
mals       ,         .         .         .755 
Development  of  the  Nerves    .     760 
Development  of  the  Eye    .     .     762 
Development  of  the  Nose  .     .     772 
Development  of  the  Alimen- 
tary Canal  and  Organs 
arising  from  the  Hypo- 
blast     774 

Alimentary  Canal  .         .         -774 

The  Liver 779 

The  Pancreas .         .         .         .781 
The       Spleen,       Lymphatic 
Glands,   Thymus  and  Thy- 
roid Glands ....     782 


PAGE 

Development    of  the  Lungs 

AND  Trachea       .        .     .     782 
Pleurae   .....     783 
Pulmonary  Vessels    .         .     .     783 
Development  of  the  Heart 

and  Blood-Vessels  .        .     784 
Development  of  the  Heart      .     784 
Origin  of  the  Heart     .         .     784 
Division  into  single  Auricle, 
Ventricle,     and    Arterial 

Bulb 787 

Division    of  the    Cavities  : 

Ventricles  .  .  .  787 
Division  of  the  Auricles  .  .  788 
Division  of  the  Arterial  Bulb  789 
Formation  of  the  Valves  .  791 
Development  of  the  Blood- 
Vessels  .  .  .  .  791 
The  Principal  Arteries  :  the 

Aorta      ....     791 
Aortic  or  Branchial  Arches .     793 
Development   of  the    Great 
Veins      ....     796 
Peculiarities  of  the  Foetal  Or- 
gans of  Circulation      .     .     799 
Course  of  the  Blood  in  the 
Foetus  .         .         .     .     802 

Changes  in  the  Circulation  at 

Birth      .         .         .         .803 
Development  of  the  Genital 

AND  Urinary  Organs  .     .     804 
Primary  Formation  of  the  Uro- 

Genital  System  .  .  804 
Wolffian  Bodies  .  .  .  804 
First  Origin  of  the  AVolffian 

Bodies  ....  806 
Homologies  of  the  Wolffian 

Body 809 

The  External  Organs  .         .     811 
Further  History  of  the  Deve- 
lopment of  the  Uro-Genital 
Organs        .         .         .     .     812 
Tlie   Urinary   Bladder    and 

Urachus .         .         .         .813 
Genital  Cord  .         .         .     .     814 
Reproductive  Organs       .         .     814 
Reproductive  Glands       .     .     814 
The  Testicle        .         .         .815 
The  Ovary      .         .         .     .     816 
The  Genital  Passages  .         .     818 
The  Female  Passages      .     .     819 
The  Male  Passages .     .         .821 
The  Descent  of  the  Testicles     823 
Tj'pe  of  Development  and  Ab- 
normal Forms  of  the  Genital 
Organs        ....     825 
Table  of  Corresponding  Parts  of 
Genito- Urinary  Organs,  and 
their  Relation  to  Formative 
Rudiments     .         .         .     .     826 


Index  to  Volume  II.  . 


827 


GENEKAL    ANATOMY. 


GEI^ERAL     COH"SIDERATIONS     OIT     THE     TEXTURES. 

Enumeration  of  the  Textnres. — The  human  body  consists  of 
solids  and  fluids.  Only  the  solid  parts  can  be  reckoned  as  textures, 
properly  so  called  ;  still,  as  some  of  the  fluids,  viz.  the  blood,  chyle, 
and  lymph,  contain  in  suspension  solid  organised  corpuscles  of  deter- 
minate form  and  organic  properties,  and  are  not  mere  products  or 
secretions  of  a  particular  organ,  or  confined  to  a  particular  part,  the 
corpuscles  of  these  fluids,  though  not  coherent  textures,  are  to  be 
looked  upon  as  organised  constituents  of  the  body,  and  as  such  may 
not  improperly  be  considered  along  with  the  solid  tissues.  In  con- 
formity with  this  view  the  textures  and  other  organised  constituents  of 
the  frame  may  be  enumerated  as  follows  : — 

The  blood,  chyle,  and  lymph. 

Epithelial  tissue,  including  epithelium,  cuticle,  nails,  and  hairs. 

Pigment. 

Connective  tissue,  viz. 

Areolar  tissue. 
Adipose  tissue. 

Fibrous  tissue. 

Elastic  tissue. 
Cartilage  and  its  varieties. 
Bone  or  osseous  tissue. 
Muscle. 
Nerve. 

Blood-vessels. 

Lymphatic  vessels  and  glands. 
Serous  and  synovial  membranes. 
Mucous  membrane. 
Skin. 

Secreting  glands. 
Yascular  or  ductless  glands. 

Organic  Systems.— Every  texture  taken  as  a  whole  was  viewed  by 
Bichat  as  constituting  a  peculiar  system,  presenting  throughout  its. 
whole  extent  in  the  body  characters  either  the  same,  or  modified  only 
so  far  as  its  local  connections  and  uses  render  necessary ;  he  accordingly 
used  the  term  "  organic  systems  "  to  designate  the  textures  taken  in 
this  point  of  view,  and  the  term  was  very  generally  employed  by 
succeeding  writers.     Of  the  tissues  or  organic  systems  enumerated 


2  GENEEAL   COXSIDEP.ATIOXS   OX   THE  TEXTURES. 

some  are  found  in  nearly  every  organ  ;  such  is  the  case  Tvith  the  con- 
nective tissue,  which  serves  as  a  binding  material  to  hold  together  the 
other  tissues  which  go  to  form  an  organ ;  the  vessels,  which  convey 
fluids  for  the  nutrition  of  the  other  textures,  and  the  nerves,  which 
establish  a  mutual  dependence  among  different  organs,  imparting  to 
them  sensibility,  and  governing  their  movements.  These  were  named 
by  Bichat  the  "  general  systems."  Others  again,  as  the  cartilaginous 
and  osseous,  being  confined  to  a  limited  number  or  to  a  particular  class 
of  organs,  he  named  "  particular  systems."  Lastly,  there  are  some 
tissues  of  such  limited  occurrence  that  it  has  appeared  more  convenient 
to  leave  them  out  of  the  general  enumeration  altogether,  and  to  defer 
the  consideration  of  them  until  the  particular  organs  in  which  they 
are  found  come  to  be  treated  of.  Accordingly,  the  tissues  peculiar  to 
the  crystalline  lens,  the  teeth,  and  some  other  parts,  though  equally 
independent  textures  with  those  above  enumerated,  are  for  the  reason 
assigned  not  to  be  described  in  this  part  of  the  work. 

Structural  Elements. — It  is  further  to  be  observed,  that  the 
anatomical  constituents  of  the  body  above  enumerated  are  by  no  means 
to  be  regarded  as  simple  structural  elements ;  on  the  contrary,  many  of 
them  are  complex  in  constitution,  being  made  up  of  several  more 
simple  tissues.  The  blood-vessels,  for  instance,  are  composed  of  several 
coats  of  different  structure,  and  some  of  these  coats  consist  of  more 
than  one  tissue.  They  are  properly  rather  organs  than  textures,  although 
they  are  here  included  with  the  latter  in  order  that  their  general 
structure  and  properties  may  be  considered  apart  from  their  local  distri- 
bution ;  but  indeed  it  may  be  remarked,  that  the  distinction  between 
textures  and  organs  has  not  in  general  been  strictly  attended  to  by 
anatomists.  The  same  remark  applies  to  mucous  membrane  and  the 
tissue  of  the  glands,  which  structures,  as  commonly  understood,  are 
highly  complex.  Were  we  to  separate  every  tissue  into  the  simplest 
parts  which  possess  assignable  form,  we  should  resolve  the  whole  into 
a  very  few  constructive  elements. 

PHYSICAL    PROPERTIES. 

The  animal  tissues,  like  other  forms  of  matter,  are  endowed  with 
various  physical  properties,  such  as  consistency,  density,  colour,  and 
the  like.  Of  these  the  most  interesting  to  the  physiologist  is  the  pro- 
perty of  imbibing  fluids,  and  of  permitting  fluids  to  pass  through  their 
substance,  which  is  essentially  connected  with  some  of  the  most  im- 
portant phenomena  that  occur  in  the  living  body,  and  seems  indeed  to 
be  indispensable  for  the  maintenance  and  manifestation  of  life. 

All  tlie  soft  tissues  contain  water,  some  of  them  more  than  four-fifths  of  their 
weight  ;  this  they  lose  by  drying,  and  with  it  their  softness  and  flexibility,  and 
so  shrink  tip  into  smaller  bulk  and  become  hard,  brittle,  and  transparent ;  but 
when  the  dried  tissue  is  placed  in  contact  with  water,  it  greedily  imbibes  the 
fluid  again,  and  recovers  its  former  size,  weight,  and  mechanical  properties. 
The  imbibed  water  is  no  doubt  partly  contained  mechanically  in  the  interstices  of 
the  tissue,  and  retained  there  by  capillary  attraction,  like  water  in  moist  sand- 
stone or  other  inorganic  porous  substances  ;  but  the  essential  part  of  the  i^rocess 
of  imbibition  by  an  animal  tissue  is  not  to  be  ascribed  to  mere  liorosity,  for  the 
fluid  is  not  merely  lodged  between  the  fibres  or  laminEe,  or  in  the  ca"\-ities  of  the 
te:xture ;  a  i^art,  probably  the  chief  jsart,  is  incorporated  with  the  matter  which 
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forms  the  tissue,  and  is  in  a  state  of  union  with  it,  more  intimate  than  could 
well  be  ascribed  to  the  mere  inclusion  of  a  fluid  in  the  pores  of  another 
substance.  Be  this  as  it  may.  it  is  clear  that  the  tissues,  even  in  their  inmost 
substance,  are  permeable  to  fluids,  and  this  property  is  indeed  necessary,  not  only 
to  maintain  then-  due  softness,  pliancy,  elasticity,  and  other  mechanical  quahties, 
but  also  to  allow  matters  to  be  conveyed  into  and  out  of  their  substance  in  the 
process  of  nutrition. 

CHEMICAL     COMPOSITION. 

Ultimate  Constituents. — The  human  body  is  capable  of  being- 
resolved  by  ultimate  analysis  into  chemical  elements,  or  simple  consti- 
tuents, not  differing  in  nature  from  those  which  compose  mineral 
substances.  Of  the  chemical  elements  knoAvn  to  exist  in  nature,  the 
following  have  been  discovered  in  the  human  body,  though  it  must  be 
remarked,  that  some  of  them  occur  only  in  exceedingly  minute  quan- 
tity, if  indeed  they  be  constant  :  oxygen,  hydrogen,  carbon,  nitrogen, 
phosphorus,  sulphur,  chlorine,  fluorine,  potassium,  sodium,  calcium, 
magnesium,  iron,  silicon,  manganese,  aluminium,  copper. 

Proximate  Constituents. — The  ultimate  elements  do  not  directly 
form  the  textures  or  fluids  of  the  body  ;  they  first  combine  to  form 
certain  compounds,  and  these  appear  as  the  more  immediate  consti- 
tuents of  the  animal  substance ;  at  least  the  animal  tissue  or  fluid 
yields  these  compounds,  and  they  in  their  turn  are  decomposed  into  the 
ultimate  elements.  Of  the  immediate  constituents  some  are  found 
also  in  the  mineral  kingdom,  as  for  example,  water,  chloride  of  sodium 
or  common  salt,  and  carbonate  of  lime ;  others,  such  as  albumin,  fibrin, 
and  fat,  are  peculiar  to  organic  bodies,  and  are  accordingly  named  the 
proximate  organic  principles. 

The  animal  proximate  principles  have  the  following  leading  cha- 
racters. They  all  contain  carbon,  oxygen,  and  hydrogen,  and  the 
greater  number  also  nitrogen  ;  they  are  all  decomposed  by  a  red  heat ; 
and,  excepting  the  fatty  and  acid  principles,  they  are,  for  the  most  part, 
extremely  prone  to  putrefaction,  or  spontaneous  decomposition,  at  least, 
when  in  a  moist  state  ;  the  chief  products  to  which  their  putrefaction 
gives  rise  being  water,  carbonic  acid,  ammonia,  and  sulphuretted,  phos- 
phuretted,  and  carburetted  hydrogen  gases.  The  immediate  compounds 
obtained  from  the  solids  and  fluids  of  the  human  body  are  the  following. 

I.  Azotised  Substances,  or  such  as  contain  nitrogen,  viz.,  albumin, 
blood-fibrin,  myosin,  syntonin,  casein,  globulin,  gelatin,  chondrin, 
salivin,  kreatin,  kreatinin,. pepsin,  mucin,  horny  matter  or  keratin,  pig- 
ment, haemoglobin,  urea,  uric  acid,  hippuric  acid,  inosinic  acid,  sarkin 
(or  hypoxanthin),  leucin,  tyrosin,  protagon  and  its  components  lecithin 
and  neurin,  azotised  biliary  compounds. 

II.  Subsfances  destitute  of  Nitrogen,  viz.,  fatty  matters,  glycogen  (or 
animal  starch),  grape  sugar,  sugar  of  milk,  inosit,  lactic,  formic,  and 
oxalic  acids,  certain  principles  of  the  bile. 

Some  of  the  substances  now  enumerated  require  no  further  notice  in 
a  work  devoted  to  anatomy.  Of  the  rest,  the  greater  number  will  be 
explained,  as  far  as  may  be  necessary  for  our  purpose,  in  treating  of  the 
particular  solids  or  fluids  in  which  they  are  chiefly  found. 

It  has  been  shown  by  G-raham,*  that  chemical  substances  may  be  distinguished 
*  Liquid  Diffusion  applied  to  Analysis, — Phil.  Trans.,  1861. 
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into  two  classes — the  crj/sta llo Id  B,nd  the  colloid — which  cliff er  in  several  important 
characters.  Crystalloid  bodies,  of  which  water,  most  salts  and  acids,  and  sugar, 
may  be  taken  as  examples,  have  a  disposition  to  assume  a  crystalline  state  ;  their 
solutions  are  usually  sapid,  diffluent,  and  free  from  viscosity  ;  they  readily  diffuse 
in  liquids,  and  pass  through  moist  organic  membranes  or  artificial  septa  of 
organic  matter,  such  as  parchment-paper.  Colloids,  on  the  other  hand,  are 
characterised  by  low  diffusibility  and  great  indisposition  to  permeate  organic 
septa,  so  that  when  they  are  associated  with  crystalloids,  the  latter  may  be  easily 
separated  by  diffusion  through  a  septum  into  another  fluid  ;  i.e.,  by  "  dialysis." 
Colloids  are.  moreover,  generally  tasteless  ;  they  have  little  oir  no  tendency  to 
crystallize,  and  their  solution,  when  concentrated,  is  always,  in  a  certain  degree, 
viscous  or  gummy.  Among  the  colloids  may  be  reckoned  hydrated  silicic  acid, 
and  various  hydrated  metallic  peroxides,  also  albumin,  gelatin,  starch,  gum, 
and  vegetable  and  animal  extractive  matters.  Several  substances  may  exist 
either  in  the  colloid  or  the  crystalloid  condition.  In  point  of  chemical  activity 
the  crystalloid  appears  to  be  the  more  energetic,  and  the  colloidal  the  more  inert 
fonn  of  matter  ;  but  the  colloids  possess  an  activity  of  their  own,  arising  out  of 
then-  physical  properties,  and  especially  their  penetrability,  by  which  they  become 
a  medium  for  liquid  diffusion,  like  water  itself.  Another  characteristic  is  their 
tendency  to  change  ;  the  solution  of  hydrated  silicic  acid,  for  instance,  cannot 
be  preserved  ;  after  a  time  it  congeals.  In  this  respect  a  liquid  colloid  might  be 
compared  to  liquid  water  at  a  temperature  below  freezing,  or  to  a  supersaturated 
saline  solution.  This  dominant  tendency  of  the  particles  of  a  colloid  to  cohere, 
aggregate,  and  contract,  is  obvious  in  the  gradual  thickening  of  the  liquid  and 
its  conversion  into  a  jelly  ;  and  in  the  jelly  itself  the  contraction  still  proceeds, 
causing  separation  of  water,  and  division  into  a  clot  and  semm.  Their  permea- 
bility to  fluids,  their  ready  capability  of  physical  changes,  and  their  comparative 
chemical  inertness,  are  properties  by  which  colloid  bodies  seem  fitted  to  form 
organised  structures,  and  to  take  part  in  the  processes  of  the  living  economy. 
Graham  further  found  that  silicic  ?=cid  may  combine  both  in  a  dissolved 
and  ta  a  gelatinous  state  with  a  variety  of  very  different  fluids  without 
imdergoing  alteration  ;  and  presuming  that  the  organic  colloids  are  invested 
with  similar  wide  powers  of  combination,  he  remarks  that  the  capacity  of 
a^  mass  of  gelatinous  silicic  acid  to  assume  alcohol,  or  even  olein,  without 
disintegration  or  alteration  of  form,  and  to  yield  it  up  again  in  favour  of  some 
other  substituted  fluid,  may  perhaps  afford  a  clue  to  the  penetration  of  the  colloid 
matter  of  animal  membrane  by  fatty  and  other  bodies  insoluble  in  water ;  and 
moreover,  that  the  existence  of  fluid  compounds  of  silicic  acid  of  a  like  nature, 
suggests  the  possibility  of  the  formation  of  a  compound  of  coUoid  albumen  with 
olein,  soluble  also  and  capable  of  cii-culating  with  the  blood.* 
^  The  important  relation  which  this  chemical  doctrine  bears  to  the  constitu- 
tion and^  organic  processes  of  the  animal  body,  has  appeared  to  justify  the 
introduction  of  the  present  notice  of  it ;  for  fm-ther  information  the  reader  is 
referred  to  the  sources  akeady  cited. 

VITAL    PROPERTIES     OF     THE     TEXTURES. 

Of  the  phenomena  exhibited  by  living  bodies,  there  are  some  which, 
in  the  present  state  of  knowledge,  cannot  be  referred  to  the  operation 
of  any  of  the  forces  which  manifest  themselves  in  inorganic  nature ; 
they  are  therefore  ascribed  to  certain  powers,  endowments,  or  properties, 
which  so  far  as  known,  are  peculiar  to  living  bodies,  and  are  accord- 
ingly named  "  vital  properties."  These  vital  properties  are  called  into 
play  by  various  stimuli,  external  and  internal,  physical,  chemical,  and 
mental ;  and  the  assemblage  of  actions  thence  resulting  has  been 
designated  by  the  term  "  life."    The  words  "  life  "  and  "  vitality  "  are 

*  On  the  Properties  of  Silicic  Acid  and  other  Analogous  Colloidal  Substances,— Pro- 
ceedings of  the  Royal  Society,  June  16th,  1864. 
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often  also  employed  to  signif)^  a  single  principle,  force,  or  agent,  which 
has  been  regarded  as  the  common  source  of  all  vital  properties,  and  the 
common  cause  of  all  vital  actions. 

As  ordinary  physical  forces,  such  as  mechanical  motion,  heat,  electricity, 
chemical  action,  and  the  like,  although  differing  from  each  other  in  specific 
character  and  mode  of  operation,  are  nevertheless  sho-mi  to  be  mutually  con- 
vertible and  equivalent,  and  are  held  to  be  but  different  modifications  of  one  and 
the  same  common  force  or  "  energy,"  so  it  may  in  like  manner  come  to  be  shown 
that  vital  action  is  similarly  related  to  the  physical  forces  as  they  are  related  to 
each  other,  and  is  also  a  manifestation,  under  conditions  special  to  the  living 
economy,  of  the  same  common  energy. 

1.  Assimilatory  Property. — Of  the  vital  properties,  there  is  one 
which  is  universal  in  its  existence  among  organised  beings,  namely,  the 
property,  Avith  which  all  such  beings  are  endowed,  of  converting  into 
their  own  substance,  or  "  assimilating,"  alimentary  matter.  The  opera- 
tion of  this  power  is  seen  in  the  continual  renovation  of  the  materials 
of  the  body  by  nutrition,  and  in  the  increase  and  extension  of  the 
organised  substance,  which  necessarily  takes  place  in  growth  and  repro- 
duction ;  it  manifests  itself,  moreover,  in  individual  textures  as  well  as 
in  the  entire  organism.  It  has  been  called  the  "assimilative  force  or 
property,"  "  organising  force,"  "  plastic  force,"  and  is  known  also  by 
various  other  names.  But  in  reality  the  process  of  assimilation  pro- 
duces two  diflPerent  effects  on  the  matter  assimilated  :  first,  the  nutrient 
material,  previously  in  a  liquid  or  amorphous  condition,  acquires  deter- 
minate form  ;  and  secondly,  it  may,  and  commonly  does,  undergo  more 
or  less  change  in  its  chemical  qualities.  Such  being  the  case,  it  seems 
reasonable,  in  the  mean  time,  to  refer  these  two  changes  to  the  opera- 
tion of  two  distinct  agencies,  and,  with  Schwann,  to  reserve  the  name 
of  "  plastic "  force  for  that  which  gives  to  matter  a  definite  organic 
form  ;  the  other,  which  he  proposes  to  call  "  metabolic,"  being  already 
generally  named  "  vital  affinity."  Respecting  the  last-named  agency, 
however,  it  has  been  long  since  remarked,  that  although  the  products 
of  chemical  changes  in  living  bodies  for  the  most  part  differ  from  those 
appearing  in  the  inorganic  world,  the  difference  is  nevertheless  to  be 
ascribed,  not  to  a  peculiar  or  exclusively  vital  affinity  different  from 
ordinary  chemical  affinity,  but  to  common  chemical  affinity  operating 
in  circumstances  or  conditions  which  present  themselves  in  living 
bodies  only. 

2.  Vital  Contractility. — When  a  muscle,  or  a  tissue  containing 
muscular  fibres,  is  exposed  in  an  animal  during  life,  or  soon  after  death, 
and  scratched  with  the  point  of  a  knife,  it  contracts  or  shortens  itself ; 
and  the  property  of  thus  visibly  contracting  on  the  application  of  a 
stimulus  is  named  "  vital  contractility,"  or  "  irritability,"  in  the 
restricted  sense  of  this  latter  term.  The  property  in  question  may  be 
called  into  play  by  various  other  stimuli  besides  that  of  mechanical 
irritation — especially  by  electricity,  the  sudden  application  of  heat  or 
cold,  salt,  and  various  other  chemical  agents  of  an  acrid  character,  and, 
in  a  large  class  of  muscles,  by  the  exercise  of  the  will,  or  by  involuntary 
mental  stimuli. 

The  evidence  that  a  tissue  possesses  vital  contractility  is  derived,  of 
course,  from  the  fact  of  its  contracting  on  the  application  of  a  stimulus. 
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Mechanical  irritation,  as  scratching  with  a  sharp  point,  or  slightly 
pinching  with  the  forceps,  electricity  obtained  from  a  piece  of  copper 
and  a  piece  of  zinc,  or  from  a  larger  apparatns  if  necessary,  and  the 
sudden  application  of  cold,  are  the  stimuli  most  commonly  applied. 

3.  ¥is  Nervosa. — The  stimulus  which  excites  contraction  may  be 
applied  either  directly  to  the  muscle,  or  to  the  nerves  entering  it,  which 
then  communicate  the  effect  to  the  muscular  fibre,  and  it  is  in  the 
latter  mode  that  the  voluntary  or  other  mental  stimuli  are  transmitted 
to  muscles  from  the  brain.  Moreover,  a  muscle  may  be  excited  to  con- 
tract by  irritation  of  a  nerve  not  directly  connected  with  it.  The 
stimulus,  in  this  case,  is  first  conducted  by  the  nerve  irritated,  to  the 
brain  or  spinal  cord  ;  it  is  then,  without  participation  of  the  will,  and 
even  without  consciousness,  transferred  to  another  nerve,  by  which  it  is 
convej^ed  to  the  muscle,  and  thus  at  length  excites  muscular  contrac- 
tion. The  property  of  nerves  by  which  they  convey  stimuli  to  muscles, 
whether  directly,  as  in  the  case  of  muscular  nerves,  or  circuitously,  as 
in  the  case  last  instanced,  is  named  the  "  vis  nervosa." 

4.  Sesisiljility. — We  become  conscious  of  impressions  made  on 
various  parts  of  the  body,  both  external  and  internal,  by  the  faculty  of 
sensation  ;  and  the  parts  or  textures,  impressions  on  which  are  felt, 
are  said  to  be  sensible,  or  to  possess  the  vital  property  of  "  sensibility." 

This  property  manifests  itself  in  very  different  degrees  in  different 
parts ;  from  the  hairs  and  nails,  which  indeed  are  absolutely  insensible, 
to  the  skin  of  the  points  of  the  fingers,  the  exquisite  sensibility  of 
which  is  well  known.  But  sensibility  is  a  property  which  really  depends 
on  the  brain  and  nerves,  and  the  different  tissues  owe  what  sensibility 
they  possess  to  the  sentient  nerves  wdiich  are  distributed  to  them. 
Hence  it  is  lost  in  parts  severed  from  the  body,  and  it  may  be  imme- 
diately extinguished  in  a  part,  by  dividing  or  tying  the  nerves  so  as  to 
cut  off  its  connection  with  the  brain. 

It  thus  appears  that  the  nerves  serve  to  conduct  impressions  to  the  brain, 
which  give  rise  to  sensation,  and  also  to  convey  stimuli  to  the  muscles,  which 
excite  motion ;  and  it  is  probable  that,  in  both  these  cases,  the  conductive 
property  exercised  by  the  nervous  cords  may  be  the  same  ;  the  difference  of  effect 
depending  on  this,  that  in  the  one  case  the  impression  is  carried  iipwards  to  the 
sensorial  part  of  the  brain,  and  in  the  other  downwards  to  an  irritable  tissue, 
which  it  causes  to  contract ;  the  stimulus  in  the  latter  case  either  having  origin- 
ated in  the  brain,  as  in  the  instance  of  voluntary  motion,  or  having  been  first 
conducted  upwards,  by  an  afferent  nerve,  to  the  part  of  the  cerebro-spinal  centre 
devoted  to  excitation,  and  then  transferred  to  an  efferent  or  muscular  nerve, 
along  which  it  travels  to  the  muscle.  If  this  view  be  correct,  the  power  by  which 
the  nerves  conduct  sensorial  impressions  and  the  before-mentioned  '•  vis  nervosa  " 
are  one  and  the  same  vital  property  ;  the  difference  of  the  effects  resulting  from 
its  exercise,  and,  consequently,  the  difference  in  function  of  sensorial  and  motorial 
nerves,  being  due  partly  to  the  different  nature  of  the  stimuli  applied,  but 
especially  to  a  difference  in  the  susceptibility  and  mode  of  reaction  of  the  organs 
to  which  the  stimuli  are  conveyed. 


DEVEIiOPMEK-T     OF     THE     TEXTURES. 

The  tissues  of  organised  bodies,  however  diversified  they  may 
ultimately  become,  show  a  wonderful  uniformity  in  their  primordial 
condition.       The  results  of  modern   researches  have  shown  that  the 
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different  organised  structures  found  in  plants  and  animals  originate 
directly  or  indirectly  by  means  of  elementary  corpuscles,  wliicli  have 
been  named  "  cells."  These  so-called  cells,  remaining  as  separate  cor- 
puscles in  the  fluids,  and  grouped  together  in  the  solids,  persisting  in 
some  cases  with  but  little  change,  in  others  undergoing  a  partial  or 
thorough  transformation,  produce  the  varieties  of  form  and  structure 
met  with  in  the  animal  and  vegetable  textures,  l^ay,  the  germ  from 
which  an  animal  originally  springs,  so  far  at  least  as  it  has  been 
recognised  under  a  distinct  form,  appears  as  a  cell  ,•  and  the  embryo, 
in  its  earliest  stages,  is  but  a  cluster  of  cells  produced  apparently  from 
that  primordial  one ;  no  distinction  of  textm-e  being  seen  till  the 
process  of  transformation  of  the  cells  has  begun. 

ISTo  branch  of  knowledge  can  be  said  to  be  complete  ;  but,  even  now 
that  between  a  quarter  and  half  a  century  has  elapsed  since  the  pro- 
mulgation of  the  cell-doctrine,  there  is,  perhaps,  none  which  can  be 
more  justly  regarded  as  in  a  state  of  progress  than  that  which  relates 
to  the  origin  and  development  of  the  textures,  and  much  of  the  current 
opinion  on  the  subject  is  uncertain,  and  must  be  received  with 
caution. 

THE    VEGETABLE     CELL. 

If  we  view  under  the  microscope  the  early  embryo  of  one  of  the 
higher  plants  (fig.  1.),  we  see  that  it  is  built  up  entirely  of  a  number 
of    closely     adherent     vesicles,  —  these    are 
the   elementary  cells.      Each  of  those  cells  Fig-  !• 
consists  of  an  external  membranous  invest- 
ment {a),    the   cell-wall,    containing  in  its  %  """^ 
interior  a  finely  granular  transparent  sub-  *'^\ 
stance  of  semi-fluid  consistence — the  p-ofo-  r- 
plasm  (i), — in  this  is  imbedded  at  one  part  >•  ^    ^'^\ 
a  more  solid  looking  body  of  rounded  form  ^  '^^  "  v^/"^ 
(the    nucleus,    c),    which   again   itself    con-  ^C^j  "^  '?<  >  * 
tains  generally  one  or  two  distinct  strongly  "^^{'e-jK''^  ^    .  "/\ 
refracting  particles  (nucleoli).     On  closer  ex-  ^*-  ^  '^  - 
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i — ,1 
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amination  it  may  be  observed  that  in  many  rn^ri  "''^'i"''  ^*   > 

cells  the  protoplasm  is  not  absolutely  quies-  '''^\l*^'^^-^^'^^>' 

cent  as  at  first   sight   appears,   but  on  the  -'l  'i^^^-I .  ;{:iz/^  / 

contrary  exhibits  slow  streaming  movements  ^,    '  "  i^^~-  » 

of  its  substance,  indicating  a  certain  amount 
of  vital  activity.     This  is  more  particularly 

the  case  in  the  more  rapidly  growing  parts,     Kg.  l .— Ejibrto  op  a  Dico- 
where  also  it  is  not  uncommon  to  find  two         ttledonous  Plant.  Mode- 
nuclei  in  a  cell.     This,  as  will  be  seen  later        lately  Magnified. 
on,   is    an   indication    of    the    commencing        «,  cell-envelope ;  h,  proto- 
divisiou  of  the  cell  into  two  :  by  the  con-     P^^sm ;  c,  nucleus, 
stant  repetition  of  this   process  the  growth 

of  the  plant  is  effected.  In  their  early  condition  all  plants  are 
similarly  composed  of  an  agglomeration  of  cells,  and  some  retain  this 
primitive  condition  throughout  life  ;  in  all  the  higher  classes,  however, 
by  changes  in  the  form  and  in  the  contents  of  the  cells,  various  modifi- 
cations occur,  by  means  of  which  the  different  textures  of  the  plant 
are  produced.      Some  of  these  are  shown  in  the  accompanying  figures 
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(figs.   2.  and   3) :    ifc  would  however  lead  us  too  far  to  enter  into  a 
description  of  tliem  here. 


Fig.  2. 


Fig.  3. 
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2.  — Textures  seen  in  a  Longitudinal  Section  of  the  Leaf-Stalk  o?  a 
Floweking  Plant. 

1,  2,  Polyhedral  cells    (from   mutual  pressure).     3,    4,    5,   Elongated   tubular  and 
prismatic  cells.     6,  Pitted  tissue.     7,  Spiral  vessels. 

Fig.  3. — Stellate  Vegetable  Cells. 


THE    ANIMAL    CELL. 

Turning  now  our  attention  to  the  animal  embryo,  we  find  that  it 
also  is  entirely  made  up  of  cells  (fig.  4),  rather  smaller  it  is  true 
than  those  composing  the  embryo  plant,  but, 
like  them,  consisting  of  a  granular  protoplasmic 
substance  (b)  enclosing  a  nucleus  (c) ;  tliis  in 
its  turn  containing  one  or  more  nucleoli. 

And  here,  at  the  outset,  we  encounter  a 
fundamental  difference  between  the  cells  com- 
posing the  animal  and  those  composing  the 
vegetable  embryo.  In  the  former  there  is  no 
membranous  investment  or  cell-wall.  In  con- 
sequence of  this  absence  of  a  restraining  en- 
velope the  streaming  movements  of  the  proto- 
plasm, which  are  observable  in  every  cell,  whether 
animal  or  vegetable,  at  an  early  stage  of  its 
existence,  and  in  some  remain  persistent  through- 
out life,  are  capable,  as  will  hereafter  be  more 
fully  explained,  of  effecting  changes  both  in  the 
form  and  also  in  the  position  of  the  animal  cell.'" 

Before  proceeding  to  inquire  into  the  changes  which  may  occur  in 

*  The  existence  of  animal  cells  destitute  of  envelope,  although  more  insisted  on  of  late 
years,  has  been  all  along  recognised  in  the  study  of  cell-development,  and  ^^■as  expressly 
pointed  out  by  Schwann  himself  (Microscopische  Untersuchuugen,  &c.,  p.  209).  It  has 
appeared  to  some  that  another  name  should  be  used  to  designate  bodies  which  thus  exist 
in  a  naked  non-vesicular  form.  Briicke  proposed  to  call  them  "  elementary  organisms," 
a  term  too  cumbrous  for  use.  As  the  first  "  shaped  "  products  of  organisation  which  appear 
in  the  development  of  all  but  the  lowest  organised  beings,  they  might  be  named  "proto- 
plasts," or,  as  that  name  has  been  already  used  in  a  widely  dift'erent  sense — "mono- 
plasts, "  but  after  all,  seeing  the  universal  currency  of  the  term  "cell,"  it  is  probably 
most  convenient  and  best  to  adhere  to  it,  with  the  understanding  that  in  many  cases  it  is 
used  in  a  conventional  sense. 


Fig.  4. 


Fig.    4.  —  Three     Cells 

FROM      EARLY      EmBRYO 

OF  THE  Cat.     Highly 
magnified. 

h,  protoplasm  ;  c,  nu- 
cleus with  nucleolus.  The 
lowermost  cell  has  two 
nuclei. 
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the  embryo  cells  in  order  to  the  production  of  the  various  textures  of 
which  the  animal  body  is  composed,  it  Avill  be  convenient  to  consider 
the  manner  in  which  the  cells  themselves  are  produced,  and  the  nature 
of  the  substance  composing  them. 

Production  of  Embryo  Cells. — So  far  as  is  at  present  known,  every 
cell  in  the  animal  body  has  been  derived  from  a  previousl}^  existing 
cell.  In  the  case  of  the  cells  which  compose  the  early  embryo  this 
parent  cell  is,  as  has  been  previously  pointed  out,  the  ovum  itself,  or  at 
least  its  germinative  part. 

The  mammalian  ovum  differs  indeed  from  the  cells  we  have  just 
been  considering,  both  in  its  size,  and  in  possessing  a  stout  external 
membrane  (fig.  5  a).  Like  them,  however,  it  mainly  consists  of  a 
protoplasmic  substance  (p),  in  which  are  embedded  fatty  granules  (the 
yelJc),  and  contains  structures  (the  germinal  vesicle  (c)  and  germinal 
spot) ,  which  are  comparable  respectively  to  the  nucleus  and  nucleolus. 


Fig.   5. — DiAGRAiiiiATic  Figures  to  illustrate  the  Formation  op  Cells  within  the 
I\L«iJiALiAN  Ovum  by  Segmentation  op  the  Yelk  ;  magnified. 

a,  external  membrane  ;  i,  protoplasmic  contents  ;  c,  germinal  vesicle  containing  the 
germinal  spot. 


The  embryonic  cells  are  produced  from  the  ovum  by  a  process  of 
cleavage  or  segmentation,  of  which  the  following  is  an  outline  : — 

The  germinal  vesicle  disappears  ;  the  contents  of  the  ovum  then 
shrink  somewhat  and  separate  into  two  equal  parts  (b)  ;  the  first  two 
segments  divide  each  again  into  two  (c),  and  the  binary  division  thus 
goes  on  (D,  E,)  pretty  regularly  until  the  whole  is  transformed  into 
a  number  of  small  segments,  the  embrj^onic  cells,  each  consisting,  as 
we  have  seen,  of  protoplasmic  matter  enclosing  a  nucleus.  The  latter 
is  not  always  discoverable  in  the  earlier  segments,  being  perhaps 
hidden  by  the  opaque  granular  mass,  but  it  soon  comes  into  view,  and 
has  been  supposed  to  play  an  important  part  in  the  formation  of  the 
cells.  At  all  events  it  may  be  observed,  in  those  segments  in  which 
the  nucleus  is  visible,  that  the  division  of  this  body  precedes  that 
of  the  protoplasmic  substance.  Whether  the  first  nucleus  is  itself 
derived  from  the  vanishing  germinal  vesicle  and  spot  is  unknown. 
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The  formation  of  cells  by  segmentation  may  be  traced  with  comparative  ease 
in  the  ova  of  many  invertebrata.  The  accompanying  figau'e  (fig.  6)  represents 
the  several  stages  of  the  process  in  small  species  of  the  ascaris  worm.  A,  B,  and 
c  are  from  the  Ascarts  niipvrenosa,  as  observed  by  KoUiker.  He  found  that, 
after  the  germinal  vesicle  had  disappeared,  a  new  nucleus  with  nucleolus  was 
formed  in  its  place  :  the  segmentation  then  goes  on  as  in  the  mammalian  ovum, 
but  the  nuclei  are  visible  from  the  first. 

In  many  animals  the  segmentation  process  affects  only  a  part  of  the  contents 
of  the  ovum. 


Fig.  6.— Division  of  the  Yelk  of  Ascaris. 

A,   B,   c  (from  Kolliker),   ovum  of  Ascaris  nigrovenosa  ;    d  and  b,  that  of  Ascaris 
acuminata  (from  Bagge). 


The  Protoplasm  of  the  Cell.  —  The  substance  of  which  the 
embryonic  cells,  and  all  others  which  display  similar  vital  contractility, 
chiefly  consist,  is  in  reality  clear  and  hyaline,  but  commonly  contains 
minute  particles  imbedded  in  the  clear  substance,  which  give  it  a 
granular  appearance  (fig.  4,  i).  It  is  semi-fluid  and  viscid  in  con- 
sistence, and  in  chemical  constitution  closely  agrees  with  the  albumi- 
noid bodies,  consisting,  in  fact,  principally  of  a  substance  allied  to 
myosin,  the  chief  constituent  of  muscular  tissue  ;  but  in  many  animal 
cells  it  doubtless  also  includes  other  organic  principles,  especially 
fat,  and  glycogenous  or  amyloid  matter.  Protoplasm  is  characterised 
by  properties  which  have  been  aptly  termed  "  vital,"  since  upon  their 
presence  the  life  of  the  organism  seems  to  depend.  Chief  among 
these  properties  are  those  of  assimilation  and  of  irritability  :  indeed, 
it  is  probable  that  the  vital  properties  of  the  textures  above  enumerated 
depend,  in  great  measure  or  wholly,  upon  the  protoplasm  which  they 
contain. 

The  TTucleus  of  the  Cell. — The  nucleus  (fig.  4,  c)  is  a  round  or 
ovoid,  clear,  and  apparently  vesicular  body,  commonly  situate  near  the 
centre  of  the  cell,  and  containing  one  or  two  strongly  refracting, 
granules — the  nucleoli — which  are  probably  of  a  fatty  nature. 

From  the  affinity  which,  in  common  with  protoplasm,  it  possesses  for  certain 
colouring  matters,  the  nucleus  has  been  supposed  by  some  eminent  histologists 
(and  notably  by  Beale,  who  has  applied  the  term  "  germinal  matter  "  to  both)  to 
be  identical  in  nature  with  that  substance.  Its  behaviour,  however,  with  many 
reagents  is  altogether  different ;  and  in  general  it  may  be  said  that  it  offers  greater 
resistance  to  their  action  than  the  substance  which  surrounds  it.  The  fact  that 
in  the  division  of  cells  the  segmentation  of  the  nucleus  appears  to  precede  that  of 
the  protoplasm,  has  been  held  to  be  a  strong  argument  in  favour  of  the  possession 
by  the  nucleus  of  a  considerable  amount  of  vital  activity,  but  it  is  impossible  to 
say  whether  this  process  may  not  be  effected  by  means  of  the  surroimding  proto- 
plasm. At  all  events  there  are,  it  is  believed,  no  recent  obseiwations  which  would 
tend  to  show  the  manifestation  by  the  nucleus  of  any  vital  phenomena,  unless 
when  associated  with  protoplasm,  whereas  the  converse  fact  is  well  established. 
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Changes  which  occur  in  Cells.  —  The  changes  -^vhich  may  occur 
in  cells  in  relation  to  the  production  of  the  textures  are  of  two  prin- 
cipal kinds,  according  as  the  form  of  the  cell,  or  the  nature  of  the  sub- 
stance composing  it,  undergoes  alteration.  These  changes  may  occur  at 
one  and  the  same  time — indeed,  this  is  commonly  found  to  be  the  case  ; 
it  ■wiU,  however,  be  more  convenient  here  to  consider  them  separately. 

1.  Chemical  and  Plastic  Changes  occurring  in  Cells. — The  protoplasm 
originally  composing  the  embryonic  cell  may  become  variously  altered  in 
chemical  constitution,  all  such  changes  tending  to  diminish  the  original 
activity  of  the  cell  and  to  fit  it  for  a  special  function.  An  alteration  com- 
monly met  with  in  older  cells  is  the  conversion  of  the  outer  portion  of 
the  protoplasm  into  a  comparatively  dense  layer,  which  constitutes  an 
investment  for  the  remainder,  and  in  this  way  approximates  the  cell 
more  to  the  vegetable  type.  Sucli  a  transformation  is  met  with  in  a 
high  degree  in  the  stratified  epithelia,  in  which  the  cells  of  the  upper- 
most layers  become  almost  entirely  transformed  into  dense  horny  scales. 

Another  change  which  is  apt  to  occur  is  the  deposition  within  the 
cell  of  various  chemical  principles,  which  are  either  derived  directly 
from  the  plasma  of  the  blood,  in  which  in  such  cases  they  pre-exist,  or 
are  elaborated  by  the  cell  itself  from  some  other  constituent  of  that 
fluid.  Examples  of  these  changes  are  to  be  found  in  the  deposit  of  fat 
and  j)igment,  and  of  the  peculiar  constituents  of  certain  secretions 
within  the  cells  of  the  tissue  or  gland  producing  them. 

The  deposition  of  fat  occui'S  ordinarily  and  in  its  most  cliaracteristic  fonn  in 
the  coipuscles  of  the  connective  tissue,  transfoi-ming  them  into  fat  cells,  although 
it  may  occasionally  be  found  in  other  cells,  such  as  those  of  the  liver  and  of 
cartilage.  Pigment  on  the  other  hand  may  be  deposited  both  in  connective  tissue 
cells  and  in  epitheliimi,  and  this  to  such  an  extent  as  to  give  an  intensely  black 
appearance  to  the  part,  as  in  the  choroid  coat  of  the  eye  and  in  the  cuticle  of  the 
negro. 

Sometimes  these  chemical  changes  are  accompanied  by  others  of 
a  ])lasiic  or  organizing  character,  as  in  the  fibrillation  which  is  often 
found  to  occur  in  cells,  and  notably  in  those  of  the  nervous  ami 
muscular  tissues,  as  well  as  in  the  formation  of  the  spontaneously 
moving  bodies  called  spermatozoa  in  the  spermatic  cells.  Another 
example  of  such  a  change  is  to  be  found  in  the  formation  of  red  blood 
corpuscles  within  the  cells  of  connective  tissue. 

These  plastic  changes  are  equally  unexplained  with  the  other  alterations  of 
form  and  stractui-e  which  accompany  the  production  and  metamoi-phoses  of  cells. 
As  regards  the  changes  in  the  quantity  and  chemical  natm-e  of  the  contained 
matter,  it  may  be  remarked  that  the  introduction  of  new  matter  into  a  cell  is  to 
a  great  extent  a  phenomenon  of  imbibition.  In  addition  to  this,  many  cells,  by 
virtue  of  theh  amoeboid  movements  to  be  presently  described,  are  enabled  to  take 
into  their  substance  minute  solid  particles,  both  inorganic  and  organic.  But, 
while  an  alteration  in  the  contents  of  a  cell  may  be  thus  brought  about  by 
imbibition  and  intersusception  of  pre-existing  material,  the  contained  substance 
may  also  be  changed  in  its  qualities  by  a  process  of  conversion  or  elaboration 
taking  place  within  the  cell. 

2.  Changes  in  Form — The  changes  of  form  which  may  occur  in 
cells  are  of  two  kinds,  the  one  being  merely  passive  and  mechanical, 
the  other  dependent  upon  the  growth  of  the  cell.  Instances  of  the 
former  are  seen  in  those  cases  where,  by  mutual  compression,  the  cells 
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have  acquired  a  move  or  less  dodecahcdral  form  (as  is  fi-equently  the 
case  in  plants,  see  fig.  2),  or  where,  by  growth  of  young  cells  beneath 
them,  they  become  flattened  out  and  forced  towards  a  free  surface,  as 
probably  happens  in  the  case  of  the  stratified  epithelia.  Examples  of 
the  latter  are  observable  in  the  ramification  of  the  cells  of  the  nervous 
and  connective  tissues,  and  in  the  elongation  of  cells  to  form  muscular 
fibres. 

3.  Movements  of  Cells. — Many  cells  undergo  spontaneous  movements, 
leading  to  temporary  changes  in  their  form.  If  we  watch  carefully  under 
a  high  power  of  the  microscope  any  cell  which  is  exhibiting  these  pheno- 
mena— a  pale  blood-corpuscle,  for  example— we  observe,  in  the  first  place, 
at  one  point  of  its  circumference,  a  protrusion  of  a  portion  of  its  proto- 
plasm, which  is  commonly  at  first  clear  and  hyaline,  but  into  which 
granules  are  soon  seen  to  flow.  After  a  short  time  this  process  may  be 
retracted,  and  another  similarly  protruded  at  another  point,  and  again 
withdrawn,  and  so  on  for  a  considerable  time,  the  corpuscle  remaining 
all  the  while  perfectly  stationary.  Occasionally,  however,  especially  if  the 
corpuscle  be  maintained  at  the  temperature  of  the  body,  the  part  protruded 
remains  fixed,  and  the  cell  itself  is  drawn  towards  the  extremity  of  the 
process.  Should  this  occur  a  number  of  times  in  the  same  direction,  a 
slow  progressive  motion  of  the  whole  cell  is  the  result.  In  this  way 
cells  such  as  we  are  now  considering  may  undergo  very  considerable 
changes  of  form  and  place  within  a  relatively  short  time.  Thus,  under 
certain  conditions,  the  pale  blood-corpuscles  may  some  of  them  make 
their  way  out  of  the  blood-vessels  and  move  freely  in  the  surrounding 
tissues :  hence  the  term  "  migratory  cells "  ( Wanderzellen)  applied  to 
them. 

The  movements  which  we  have  just  been  describing  as  occurring  in 
cells  are  quite  similar  to  those  which  are  exhibited,  but  in  a  more 
vigorous  manner,  by  the  common  fresh-water  amoeba,  and  are  hence 
designated  "amoeboid."  They  are  more  marked  in  cells  in  the  young 
state,  such  as  those  of  the  embryo,  but  are  not  altogether  absent  in 
some  which  persist  in  the  fully-developed  tissues,  as,  for  example,  in  the 
connective  tissue  corpuscles.  The  contractile  property  of  the  proto- 
plasm, to  which  its  movements  are  due,  would  seem  to  be  quite  com- 
parable to  the  contractility  of  muscular  substance  ;  for  it  is  found  that 
the  substance  of  these  protoplasmic  cells  contracts  under  the  electric 
stimulus,  whether  this  be  directly  applied,  or,  as  observed  by  Klihne  in 
the  cornea,  indirectly  through  the  medium  of  the  nerves." 

In  the  cells  of  the  Vallisneria,  Cliara,  and  various  other  plants,  when  exposed 
under  the  microscope,  the  green  coloured  grains  (of  chlorophyll)  and  other  small 
masses  and  corpuscles  contained  in  the  cavity,  are  seen  to  be  moved  along  the 
inside  of  the  cell-wall  in  a  constant  and  detenninate  du-ection.  This  phenomenon 
appears  to  be  of  very  general  occurrence  in  the  vegetable  kingdom,  although  the 
movement  does  not  always  go  on  with  the  same  regularity  as  in  the  instances 
cited.  It  is  obviously  due  to  a  layer  of  protoplasm  on  the  inner  sui'face  of  the 
cell-wall,  which  enters  into  a  peculiar  flowing  or  undulating  motion  and  trails 
the  passive  chlorophyll  granules  along  with  it ;  but  how  the  motion  of  the  pro- 
toplasm itself  is  produced  is  not  at  all  understood. 

To  the  same  class  of  phenomena  are  probably  to  be  referred  the  remarkable 
movements  observed  in  the  pigment-cells  of  the  frog's  skin,  which  were  carefully 
investigated  by  Lister. f     In  these  ramified  cells  the  dark  particles  of  pigment  are 

*  UntersiTchungen  uber  das  Protoplasma  imd  die  Contractilitiit.      1864. 
t  Phil.  Trans.,  1858. 
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at  one  time  dispersed  tlirougli  the  whole  cell  and  its  branches,  but  at  another 
time  they  gather  into  a  heap  in  the  central  part,  leaving  the  rest  of  the  branched 
cell  vacant,  but  without  alteration  of  its  figiu-e.  In  the  former  case  the  skin  is 
of  a  dusky  hue  ;  in  the  latter,  pale.  Like  the  movements  of  the  protoplasm,  the 
aggi-egation  of  the  pigment  molecules  can  be  excited  thi-ough  the  nerves,  both 
mechanically  and  electrically. 

The  fact  above  mentioned,  that  these  movements  of  cells  may  be  excited  by 
stimulation  of  the  nerves,  is  especially  worthy  of  note,  in  as  much  as  it  proves 
that  operations  effected  in  and  by  cells  are  more  or  less  under  the  governance  of 
the  nervous  system.  Moreover,  the  well  known  influence  of  mental  states  over 
the  secretions,  and  the  effects  resulting  from  experimental  stimulation  of  the 
nerves  of  secreting  glands,  although  doubtless  due  in  part  to  changes  in  the 
blood-vessels,  seem  to  show  that  this  subjection  to  the  nervous  system  extends 
even  to  the  chemical  and  physical  operations  which  take  place  in  secreting  cells, 
A  cui'ious  and  interesting  observation  in  proof  of  this  is  adduced  by  KoUiker. 
He  found  that  the  light  of  the  iii-efly,  lamjjyris,  is  emitted  from  cells  in  which 
albuminoid  matter  is  decomposed  with  production  of  ui'ate  of  ammonia,  and  that 
the  emission  of  light  could  be  brought  on  or  rendered  more  vivid  by  electrical 
and  other  stimuli  operating  through  the  nerves. 

The  well-known  tremulous  movement  which  so  often  affects  minute  pai-ticles 
of  matter,  is  not  unfrequently  observed  in  the  molecular  contents  of  cells  :  but 
this  phenomenon  depends  simply  upon  physical  conditions,  and  is  of  a  totally 
different  character  from  the  motions  of  the  protoplasm  above  refeiTed  to. 


Multiplication  ox  Cells  by  Bivision. — The  amceboid  movements 
of  the  protoplasm  are  directly  concerned  in  the  process  of  subdivision 
of  a  cell.  This  is  more  particularly  to  be  observed  in  the  division  of  a 
free  cell — a  white  l)lood-corpuscle,  for  example — in  which  the  process, 
as  described  by  Klein  and  others,  is,  briefly,  as  follows  (fig.  7) : — One 


Fig.  7. 


Fig.   7. 


-Stages   in   the    Division    of    a    Colourless  Corpuscle  of  Newt's  Blood 
(after  Klein). 


of  the  processes  of  an  amoeboid  corpuscle,  the  nucleus  of  which  has 
previously  undergone  division,  remains  unretracted,  and  into  this  one 
of  the  nuclei  from  the  body  of  the  cell  may  pass.  The  protruded  part 
then  becomes  more  and  more  withdrawn  from  the  rest  of  the  cell, 
and,  finally,  by  the  rupture  of  the  connecting  neck  of  protoplasm, 
may  become  entirely  detached,  breaking  away  as  an  independent 
corpuscle. 

But  the  process  is  commonly  of  a  more  simple  character,  as  is  the 
case,  for  instance,  with  the  process  of  cleavage,  already  mentioned 
in  treating  of  the  production  of  embryonic  cells.  The  actual  process 
of  division  has  now  been  observed  in  the  ova  of  many  of  the  lower 
animals.  It  is  preceded  by  slow  heaving  movements  of  the  proto- 
plasm ;   a  furrow  then  appears  upon  the   surface,  soon  to  disappear 
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again.     This  is  repeated  two  or  three  times,  but  finally  the  furrow 
becomes  permanent,  and,  deepening  into  a  groove,  gradually  constricts 

the  mass  into  two.     In  some  cases,  before 
I^'ig-  S.  this  process  is  complete,  a  second  furrow 

appears  at  right  angles  to  the  first,  and 
sometimes  even  a  third,  the  division 
being  thus  into  four  or  eight  segments 
instead  of  into  two  only,  as  previously 
described  in  the  case  of  the  mammalian 
ovum. 

In  the  same   manner  the  division  of 

Pig.  8.— Diagram  op  the  Divi-     other  cells  may  take  place,  the  nucleus 

SIGN  OF  A  Cell.  first  becoming  divided,  and  a  portion  of 

the  protoplasm  collecting  around  each 
half.  The  two  cells  thus  produced  may  each  undergo  a  similar  change, 
and  in  this  way  cell-multiplication  may  be  exceedingly  rapid.  The  cells 
commonly  become  separated ;  in  some  tissues,  however,  cartilage,  for 
instance,  they  may  remain  in  proximity,  producing  thus  groups  of  two 
or  four  newly-formed  cells,  which,  in  the  case  of  that  tissue,  are  at 
first  enclosed  in  a  common  cavity  of  the  matrix :  hence  the  process  of 
multiplication  has  here  been  styled  "  endogenous."  It  is,  however,  in 
all  probability,  essentially  the  same  as  in  the  less  solid  tissues. 

The  division  of  cells  is  usually  into  two,  as  above  described,  but,  as 
observed  by  Eemak  in  the  frog  larva,  it  may  occur  into  as  many  as 

five  or  six.    Instances  of  the 
Fig.  9.  same  kind  are  also  observed 

in  the  development  of  pus 
corpuscles  from  connective 
tissue  corpuscles,  the  cells 
becoming  enlarged,  and  their 
nuclei  multiplied  previously 
to  breaking  up  into  pus  cor- 
puscles. Sometimes,  however, 
a  multiplication  of  nuclei 
within  a  cell  would  seem  to 
occur  without  immediate 
Fig.  9.— Multinucleated  Cells.  400  Diameters  separation  into  new  cells,  as, 
(Kolhker).  ^Q^,  instance,  in  the  case  of  the 

large  flattened  multinucleated 
cells  (fig.  9),  which  are  found  in  the  medullary  cavities  of  bone,  and 
in  other  situations,  and  which  would  seem,  at  least  in  bone,  to  fulfil 
a  special  function. 

Of  cells  in  their  relation  to  each,  other. — The  cells  which  com- 
pose the  early  embryo  have  but  little  connection  one  with  another,  the 
intercellular  substance  beuig  small  in  amount,  or  altogether  absent. 
As  growth  proceeds,  however,  they  come  to  present  differences  in  their 
relations  to  each  other. 

a.  They  may  remain  isolated,  as  in  the  instance  of  the  pale  corpus- 
cles of  blood,  chyle,  and  lymph. 

I.  They  may  be  united  into  a  continuous  tissue  by  means  of  a 
cementing  substance  :  the  epithelium  and  cuticle,  the  nails  and  hairs 
afford  instances  of  this. 

c.  Processes  from  neighbouring  cells  meet  and  become  united,  as  is 
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frequently  the  case  with  the  corpuscles  of  connective  tissue,  and  as  is 
seen  in  the  process  of  development  of  blood-vessels  and  nerves. 

Intercellular  substance. — Of  the  matter  which  lies  between  cells 
— the  intercellular  substance — and  its  relation  to  them,  it  may  be 
observed  that  sometimes  it  is  in  very  small  quantity,  and  seems  merely 
to  cement  the  cells  together,  as  in  epithelium  ;  at  other  times  it  is 
more  abundant,  and  forms  a  sort  of  matrix,  or  ground  substance,  in 
which  the  cells  are  embedded,  as  in  cartilage.  It  is  homogeneous, 
translucent,  and  firm  in  most  cartilages,  and  pervaded  by  fibres  in 
yellow  cartilage.  In  connective  tissue  it  consists  of  fibres,  with  soft 
interstitial  matter,  which  is  scanty  in  the  denser  varieties,  but  abundant 
in  the  lax  tissue  of  the  umbilical  cord  ;  in  bone  the  intercellular  sub- 
stance  is  calcified  and  mostly  fibrous.  As  to  the  production  of  the 
intercellular  substance,  there  can  be  little  doubt  that  in  cartilage  it  is 
derived  from  the  cells.  Formed  as  capsules  round  the  cells  by  excre- 
tion from  their  surface,  or  by  conversion  of  their  proper  substance,  and 
being  blended  into  a  uniform  mass,  it  accumulates  while  the  cells 
multiply,  and  while  fresh  material  is  supplied  to  them  from  the  blood, 
which  they  convert  into  chondrinous  substance.  The  source  of  the 
intercellular  substance  is  not,  in  every  instance,  so  apparent,  but  it 
may  be  presumed  that  the  cells  have  some  influence  in  its  nutrition 
and  maintenance. 

From  what  has  been  said  it  will  be  obvious  that  cells  play  an  important 
part  in  the  growth  of  textiu'es,  and  probably  in  nutrition.  The  former  pro- 
cess is  usually  accompanied  by  a  great  multiplication  of  cells,  the  peculiar 
constituent  of  which— the  protoplasm — seems  to  be  specially  endowed  with  the 
faculty  of  propagation  by  division,  and  of  increase  by  appropriatmg  and  con- 
verting new  matter.  It  is  conceivable  that  in  this  way  it  may  serve  for  the 
extension  of  gro-ndng  tissue  and  the  development  of  structural  elements  from  the 
crude  materials  of  gTowth.  Again,  in  the  nutrition  of  a  mass  of  tissue  the  crude 
material  may  undergo  preparation  by  the  cells  that  lie  in  the  interstices  of  the 
structure. 

The  existence  of  this  protoplasmic  germinative  substance  is  very  general, 
perhaps  indeed  universal,  in  the  animal  and  vegetable  kingdoms.  But  whilst  in 
the  great  majority  of  organic  beings  it  assumes  the  form  of  a  nucleated  cell 
(protoplast,  or  monoplast),  as  the  first  condition  of  their  organised  stmctiu'e,  in 
simi^ler  modes  of  life  and  organisation  it  is  not  subject  to  the  same  limitation  of 
form  and  mass.  In  the  mycctozoa  Qmyxomycefes),  a  curious  tribe,  heretofore 
mostly  reckoned  among  the  frmgi,  but  standing  as  it  were  on  the  debateable 
ground  between  the  animal  and  vegetable  kingdoms,  the  protoplasm  is  extended 
into  reticular  masses,  or  irregularly  anastomosing  trains  (plas?>iodla).  spread  over 
the  surface  of  bark  and  other  bodies  to  which  it  parasitically  clings  :  whilst  in 
vibrios  and  some  other  infusorial  animalcules  of  the  simplest  kind,  it  appears  as 
fine  molecular  particles  ;  but  it  is  most  probably  derived  from  parents  in  all 
iastances,  however  minute  and  apparently  insignificant  these  may  be. 

The  intercellular  or  ground  substance,  possesses  in  a  high  degree  the  property 
of  combining  with  and  reducing  the  salts  of  silver  when  pre"vdously  impregnated 
with  them  and  exposed  to  the  light.  This  method  of  stammg,  which  was  intro- 
duced by  His  and  von  Recklinghausen,  has  fimiished  us  ■Rdth  a  ready  means  of 
determiiaing  the  position  and  fonn  of  delicate  cellular  elements  in  a  tissue,  since 
these,  remaining  unstained  by  the  reagent,  stand  out  white  upon  the  dark 
ground  :  or  in  the  case  of  an  epithelioid  tissue,  appear  as  white  polygonal  areas 
bounded  by  fine  dark  lines  (compare  figs.  108  and  109,  pp  166,  167). 
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NUTRITION    AND    EEGENERATION    OF    THE     TEXTURES. 

Nutrition. — The  tissues  and  organs  of  the  animal  body,  when  once 
emplojed  in  the  exercise  of  their  functions,  are  subject  to  continual 
loss  of  material,  which  is  restored  by  nutrition.  This  waste  or  con- 
sumption of  matter,  with  which,  so  to  speak,  the  use  of  a  part  is 
attended,  takes  place  in  different  modes  and  degrees  in  different  struc- 
tures. In  the  cuticular  textures  the  old  substance  simply  wears  away, 
or  is  thrown  off  at  the  surface,  whilst  fresh  material  is  added  from 
below.  In  muscular  texture,  on  the  other  hand,  the  process  is  a 
chemical  or  chemico-vital  one  ;  the  functional  action  of  muscle  is 
attended  with  an  expenditure  of  moving  force,  and  a  portion  of  matter 
derived  in  part  from  the  muscle  itself  is  consumed  in  the  production  of 
that  force ;  that  is,  it  undergoes  a  chemical  change,  and  being  by  this 
alteration  rendered  unfit  to  serve  again  is  removed  by  absorption.  The 
amount  of  matter  changed  in  a  given  time,  or,  in  other  words,  the 
rapidity  of  the  nutritive  process,  is  much  greater  in  those  instances 
where  there  is  a  production  and  expenditure  of  force,  than  where  the 
tissue  serves  merely  passive  mechanical  pur]3oses.  Hence,  the  bones, 
tendons,  and  ligaments  are  much  less  wasted  in  exhausting  diseases 
than  the  muscles,  or  than  the  fat,  which  is  consumed  in  respiration, 
and  generates  heat.  Up  to  a  certain  period,  the  addition  of  new  matter 
exceeds  the  amount  of  waste,  and  the  Avhole  body,  as  well  as  its  several 
parts,  augments  in  size  and  weight:  this  is  "growth."  When  maturity 
is  attained,  the  supply  of  material  merely  balances  the  consumption  ; 
and,  after  this,  no  steady  increase  takes  place,  although  the  quantity 
of  some  matters  in  the  body,  especially  the  fat,  is  subject  to  consider- 
able fluctuation  at  all  periods  of  life. 

It  would  be  foreign  to  our  purpose  to  enter  on  the  subject  of 
nutrition  in  general;  we  may,  however,  briefly  consider  the  mode  in 
which  the  renovation  of  substance  is  conceived  to  be  carried  on  in  the 
tissues. 

The  material  of  nutrition  is  immediately  derived  from  the  plasma  of 
the  blood,  or  liquor  sanguinis,  which  is  conveyed  by  the  blood-vessels, 
and  transudes  through  the  coats  of  their  capillary  branches  ;  and  it  is 
in  all  cases  a  necessary  condition  that  this  matter  should  be  brought 
within  reach  of  the  spot  where  nutrition  goes  on,  although,  as  will 
immediately  be  explained,  it  is  not  essential  for  this  purpose  that  the 
vessels  should  actually  pass  into  the  tissue.  In  certain  instances,  more- 
over, the  pale  corpuscles,  which  exist  in  the  blood,  pass  through  the 
coats  of  the  vessels,  and  may  become  employed  as  elements  of  nutrition 
and  reparation. 

In  cuticle  and  epithelium,  the  nutritive  change  is  effected  by  a 
continuance  of  the  process  to  which  these  textures  owe  their  origin. 
The  tissues  in  question  being  devoid  of  vessels,  nutrient  matter  is 
furnished  by  the  vessels  of  the  true  skin,  or  subjacent  vascular 
membrane,  and  is  appropriated  by  young  cells,  derived  most  probably 
from  pre-existing  ones.  These  new  cells  enlarge,  alter  in  figure, 
often  also  in  chemical  nature,  and,  after  serving  for  a  time  as  part  of 
the  tissue,  are  thrown  ofi*  at  its  free  surface. 

But  it  cannot  in  all  cases  be  so  clearly  shown  that  nutrition  takes 
place  by  a  continual  formation  and  decay  of  the  structural  elements  of 
the  tissue  ;  and  it  must  not  be  forgotten,  that  there  is  another  con- 
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ceivable  mode  in  which  the  renoyation  of  matter  might  be  brought 
about,  namely,  by  a  molecular  change  which  renews  the  substance, 
particle  by  particle,  without  affecting  the  form  or  structure  ;  by  a  pro- 
cess, in  short,  which  might  be  termed  "  molecular  renovation."  Still, 
although  conclusive  evidence  is  wanting  on  the  point,  it  seems  probable 
that  the  crude  material  of  nutrition  first  undergoes  a  certain  elaboration 
or  preparation  through  the  agency  of  cells  disseminated  in  the  tissue  ; 
which  may  serve  as  centres  of  assimilation  and  increase,  as  already 
explained. 

Office  of  the  vessels. — In  the  instance  of  cuticle  and  epithelium,  no 
yessels  enter  the  tissue,  but  the  nutrient  fluid  which  the  subjacent 
vessels  afford  penetrates  a  certain  way  into  the  growing  mass,  and  the 
cells  continue  to  assimilate  this  fluid,  and  pass  through  their  changes  at 
a  distance  from,  and  independently  of,  the  blood-vessels.  In  other 
non-vascular  tissues,  such  as  articular  cartilage,  the  nutrient  fluid  is 
doubtless,  in  like  manner,  conveyed  by  imbibition  through  their 
mass,  where  it  is  then  attracted  and  assimilated.  The  mode  of  nutri- 
tion of  these  and  other  non-vascular  masses  of  tissue  may  be  compared, 
indeed,  to  that'  which  takes  place  throughout  the  entire  organism  in 
cellular  plants,  as  well  as  in  polypes  and  some  other  simple  kinds  of 
animals,  in  Avhich  no  vessels  have  been  detected.  But  even  in  the 
vascular  tissues  the  case  is  not  absolutely  different ;  in  these,  it  is  true, 
the  vessels  traverse  the  tissue,  but  they  do  not  penetrate  into  its 
structural  elements.  Thus  the  capillary  vessels  of  muscle  pass  between 
and  around  its  fibres,  but  do  not  penetrate  their  inclosing  sheaths  ; 
still  less  do  they  penetrate  the  fibrillEe  within  the  fibre  ;  these,  indeed, 
are  much  smaller  than  the  finest  vessel.  The  nutrient  fluid,  on  exuding 
from  the  vessels,  has  here,  therefore,  as  well  as  in  the  non-vascular 
tissues,  to  permeate  the  adjoining  mass  by  transudation,  in  order  to 
reach  these  elements,  and  yield  new  substance  at  every  point  where 
renovation  is  going  on.  The  vessels  of  a  tissue  have,  indeed,  been  not 
unaptly  compared  to  the  artificial  channels  of  irrigation  which  distri- 
bute water  over  a  field  ;  just  as  the  water  penetrates  and  pervades  the 
soil  which  lies  between  the  intersecting  streamlets,  and  thus  reaches 
the  growing  plants,  so  the  nutritious  fluid,  escaping  through  the  coats 
of  the  blood-vessels,  must  permeate  the  intermediate  mass  of  tissue 
which  lies  in  the  meshes  of  even  the  finest  vascular  network.  The 
quantity  of  fluid  supplied,  and  the  distance  it  has  to  penetrate  beyond 
the  vessels,  will  vary  according  to  the  proportion  which  the"  latter  bear 
to  the  mass  requiring  to  be  nourished. 

We  have  seen  that  in  the  cuticle  the  decayed  parts  are  thrown  off  at 
the  free  surface  ;  in  the  vascular  tissues,  on  the  other  hand,  the  old  or 
effete  matter  must  be  first  reduced  to  a  liquid  state,  then  find  its  way 
into  the  blood-vessels,  or  lymphatics,  along  with  the  residual  part  of 
the  nutritive  plasma,  and  be  by  them  carried  ofi". 

Erom  -wliat  has  been  said,  it  is  clear  that  the  vessels  are  not  proved  to  perform 
any  other  part,  in  the  series  of  changes  above  described,  beyond  that  of  convey- 
ing- matter  to  and  from  the  scene  of  nutrition  ;  and  that  this,  though  a  necessary 
condition,  is  not  the  essential  part  of  the  process.  The  several  acts  of  assuming 
and  assimilating  new  matter,  of  conferring  on  it  organic  structure  and  form,  and 
of  disorganising  again  that  which  is  to  be  removed,  which  are  so  many  manifes- 
tations of  the  metabolic  and  plastic  properties  already  spoken  of,  are  performed 
beyond  the  blood-vessels.  It  is  plain,  also,  that  a  tissue,  although  devoid  of  vessels, 
VOL  ir.  c 
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and  the  elements  of  a  vascular  tissue,  although  placed  at  an  appreciable  distance 
from  the  vessels,  may  still  be  organised  and  living  structures,  and  within  the 
dominion  of  the  nutritive  process.  How  far  the  sphere  of  nutrition  may,  in 
certain  cases,  be  limited,  is  a  question  that  still  needs  fm-ther  investigation ;  in 
the  cuticle,  for  example,  and  its  appendages,  the  nails  and  hairs,  which  are 
jjlaced  on  the  surface  of  the  body,  we  must  suppose  that  the  old  and  dry  part, 
which  is  about  to  be  thrown  off  or  worn  away,  has  passed  out  of  the  limits  of 
nutritive  influence  ;  but  to  what  distance  beyond  the  vascular  surface  of  the 
skin  the  province  of  nutrition  extends,  has  not  been  determined. 

Regeneration. — When  part  of  a  texture  has  been  lost  or  removed, 
the  loss  may  be  repaired  by  regeneration  of  a  new  portion  of  tissue  of 
the  same  kind  ;  but  the  extent  to  which  this  restoration  is  possible  is 
very  different  in  different  textures.  Thus,  in  muscle,  a  breach  of  con- 
tinuity may  be  repaired  by  a  new  growth  of  connective  tissue  ;  but  the 
lost  muscular  substance  is  not  restored.  Eegeneration  occurs  in  nerve ; 
in  bone  it  takes  place  readily  and  extensively,  and  still  more  so  in 
fibrous,  areolar,  and  epithelial  tissues.  The  special  circumstances  of  the 
regenerative  process  in  each  tissue  will  be  considered  hereafter ;  but 
we  may  here  state  generally,  that,  as  far  as  is  known,  the  reproduction 
of  a  texture  is  effected  in  the  same  manner  as  its  original  formation. 

In  experimental  inquiries  respecting  regeneration,  we  must  bear  in 
mind,  that  the  extent  to  which  reparation  is  possible,  as  well  as  the 
readiness  with  which  it  occurs,  is  much  greater  in  many  of  the  lower 
animals  than  in  man.  In  newts,  and  some  other  cold-blooded  verte- 
brata,  indeed  (not  to  mention  still  more  wonderful  instances  of  re- 
generation in  animals  lower  in  the  scale),  an  entire  organ,  a  limb,  for 
example,  is  readily,  restored,  complete  in  all  its  parts,  and  perfect  in  all 
its  tissues. 

In  concluding  what  it  has  been  deemed  advisable  in  the  foregoing  pages  to 
state  respecting  the  development  of  the  textures,  we  may  remark  that,  besides 
what  is  due  to  its  intrinsic  importance,  the  study  of  this  subject  derives  great 
interest  from  the  aid  it  promises  to  afford  in  its  application  to  pathological 
inquiries.  Researches  which  have  been  made  within  the  last  few  years,  and 
which  are  still  zealously  carried  on,  tend  to  show  that  the  structures  which  con- 
stitute morbid  growths  are  formed  by  a  process  analogous  to  that  by  which  the 
natural  or  soimd  tissues  are  developed":  some  of  these  morbid  productions, 
indeed,  are  in  no  way  to  be  distinguished  from  areolar,  fibrous,  cartilaginous  and 
other  natural  structures,  and  have,  doubtless,  a  similar  mode  of  origin ;  others, 
again,  as  far  as  yet  appears,  are  peculiar,  but  still  their  production  is  with, much 
probability  to  be  referred  to  the  same  general  process.  The  prosecution  of  this 
subject,  however,  does  not  fall  within  the  scope  of  the  present  work. 


THE     BliOOD. 

PHYSICAL    AND     ORGANIC     CONSTITUTION, 

The  most  striking  external  character  of  the  blood  is  its  well-known 
colour,  which  is  florid  red  in  the  arteries,  but  of  a  dark  purple  or 
modena  tint  in  the  veins.  It  is  a  somewhat  clammy  and  consistent 
liquid,  a  little  heavier  than  water,  its  specific  gravity  being  1-052  to 
1'057 ;  it  has  a  saltish  taste,  a  slight  alkaline  reaction,  and  a  peculiar 
faint  odour. 

To  the  naked  eye  the  blood  appears  homogeneous ;  but,  when 
examined  with  the  microscope,  either  while  within  the  minute  vessels, 
or  when  spread  out  into  a  thin  layer  upon  a  piece  of  glass,  it  is  seen  to 
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consist  of  a  transparent  colourless  fluid,  named  the  "lympli  of  the 
blood,"  ''  liquor  sanguinis,"  or  "  plasma,"  and  minute  solid  particles  or 
corpuscles  immersed  in  it.  These  corpuscles  are  of  two  kinds,  the 
coloured  and  the  colourless  :  the  former  are  by  far  the  more  al3undant, 
and  have  been  long  known  as  "  the  red  particles,"  or  "  globules,"  of 
the  blood  ;  the  "  colourless,"  "  white,"  or  "  pale  corpuscles,"  on  the 
•other  hand,  being  fewer  in  number  and  less  conspicuous,  were  later  in 
being  generally  recognised.  When  blood  is  drawn  fi'om  the  vessels,  the 
liquor  sanguinis  separates  into  two  parts  ; — into  fibrin,  which  becomes 
solid,  and  a  pale  yellowish  liquid  named  serum.  The  fibrin  in  solidify- 
ing involves  the  corpuscles  and  forms  a  red  consistent  mass,  named  the 
clot  or  crassamentum  of  the  blood,  from  which  the  serum  gradually 
separates.  The  relation  between  the  above-mentioned  constituents  of 
the  blood  in  the  liquid  and  the  coagulated  states  may  be  represented  by 
the  subioined  scheme  : — 


/Corpuscles 

Liquid  J 
blood 


Clot    \ 


Liquor  sangtiinis 


rFibrin 


I  Serum 


»-Coag-ulated  blood. 


Red  Corpuscles. — These  are  not  spherical,  as  the  name  "  globules," 
by  which  they  have  been  so  gene- 
rally designated,  would  seem  to 
imply,  but  flattened  or  disk- 
shaped.  Those  of  the  human 
blood  (fig.  10  and  fig.  12  a)  have 
a  nearly  circular  outline,  like  a 
piece  of  coin,  and  most  of  them 
also  present  a  shallow  cup-like 
depression  or  dimple  on  both  sur- 
faces ;  their  usual  figure  is,  there- 
fore, that  of  biconcave  disks. 
Their  magnitude  differs  somewhat 
even  in  the  same  drop  of  blood, 
and  it  has  been  variously  assigned 
by  authors;  but  the  prevalent 
size  may  be  stated  at  from  ^-Jo^th 
to  -g-aVo^h  of  an  inch  in  diame- 
ter, and  about  one-fourth  of  that 
in  thickness. 

In  mammiferous  animals  gene- 
rally, the  red  corpuscles  are  shaped 
as  in  man,  except  in  the  camel 
tribe,  in  which  they  have  an  ellip- 
tical outline.  In  birds,  reptiles, 
and  most  fishes,  they  are  oval 
disks  with  a  central  elevation  on 
both  surfaces  (fig.  12,  b,  from 
the  frog),  the  height  and  ex- 
tent of  which,  as  well  as  the  proportionate  length  and  breadth  of 
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c,  c,  crsnate  red  corpuscles  ;  p,  a  finely 
granular,  g,  a  coarsely  granular  pale  cor- 
puscle. Both  exhibit  two  or  three  vacuoles, 
in  g,  a  nucleus  also  is  visible. 
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the  oval,  vary  in  different  instances,  so  tliat  in  some  osseous  fishes  the 
elliptical  form  is  almost  shortened  into  a  circle.  The  blood-corpuscles 
of  invei'tebrata,  although  they  (except  in  some  of  the  redt-blooded 
annelides)  want  the  red  colour,  are  also,  for  the  most  part,  flatened  or 
disk-shaped  ;  being  in  some  cases  circular,  in  others  oblong,  as  in  the 
larvEe  of  aquatic  insec  ts.  Sometimes  they  appear  granulated  on  the 
surface  like  a  raspberry,  but  this  is  probably  due  to  some  alteration 
occurring  in  them. 

The  size  of  the  corpuscles  differs  greatlyin  different  kinds  of  animals; 
it  is  greater  in  birds  than  in  mammalia,  and  largest  of  all  in  the  naked 
amphibia.  They  are  for  themost  part  smaller  in  quadrupeds  than  in  man; 
in  the  elephant,  however,  they  are  larger,  being  -j^oo^^^  of  an  inch, 
which  is  the  largest  size  yet  observed  in  the  blood-corpuscles  of  any 
mammiferous  animal ;  the  goat  was  long  supposed  to  have  the  smallest, 
viz.,  about  -g-^jVyth  of  an  inch;  but  Grulliver  found  them  much  smaller 
in  the  Meminna  and  Napn  musk-deer,  in  which  animals  they  are  less 
than  Tir^-ooth  of  an  inch.  In  birds  they  do  not  vary  in  size  so  much ; 
from  Gulliver's  very  elaborate  tables  of  measurement  it  appears  that 
they  range  in  length  from  about  ^g^oo^h  to  TTootli  of  an  inch  ;  he 
states  that  their  breadth  is  usually  a  little  more  than  half  the  length, 
and  their  thickness  about  a  third  of  the  breadth  or  rather  more.  He 
found  a  remarkable  exception  in  the  corpuscles  of  the  snowy  owl,  which 
measure  ytV o^^i  of  an  inch  in  length ;  and  are  only  about  a  third  of 
this  in  breadth.  In  scaly  reptiles  they  are  from  xsVo^li  ^o  ysVot'h  of 
an  inch  in  length ;  in  the  naked  amphibia  they  are  much  larger :  thus, 
in  the  frog  they  are  toVo^^^  of  an  inch  long,  and  -j  7-Vt)^^i  broad ;  in  the 
salamander  they  are  larger  still ;  but  the  largest  yet  known  a  re  found 
in  the  protean  reptiles.  For  example,  in  Proteus  anguinus  they  arc 
^igth  of  an  inch  in  length,  and  y^-ytli  in  breadth  ;  in  the  siren,  which 
is  BO  much  allied  to  the  proteus  in  other  respects,  they  measure  4^-oth 
of  an  inch  in  length,  and  yo-oth  in  breadth,  whilst  in  AmpMuma- 
tridadylum  they  are  as  much  as  one-third  larger  than  in  the  proteus. 
In  the  skate  and  shark  tribe  the  corpuscles  resemble  those  of  the 
frog,  in  other  fishes  they  are  smaller. 

From  what  has  been  stated,  it  will  be  seen  that  the  size  of  the  blood- 
corpuscles  in  animals  generally  is  not  proportionate  to  the  size  of  the 
body ;  at  the  same  time,  as  Gulliver  remarks,  "  if  we  compare  the 
measurements  made  from  a  great  number  of  different  species  of  the 
same  order,  it  will  be  found  that  there  is  a  closer  connection  between 
the  size  of  the  animal  and  that  of  its  blood-corpuscles  than  has  been 
generally  supposed ; "  and  he  has  pointed  out  at  least  one  example 
of  a  very  natural  group  of  quadrupeds,  the  ruminants,  in  which  there  is 
a  gradation  of  the  size  of  the  corpuscles  in  relation  to  that  of  the 
body. 

Structure. — The  human  red  corpuscle  is  composed  essentially  of  a 
soft  colourless  stroma  (tegumentary  frame  of  Gulliver)  of  the  same 
shape  and  size  as  the  corpuscle  itself,  throughout  which  is  diffused  a 
semi-fluid  coloured  matter  which  may  be  readily  separated  from  the 
stroma  by  means  of  reagents.  Some  of  these,  such  as  water  and  acetic 
acid,  appear  to  act  simply  by  dissolving  out  the  coloured  part,  leaving 
the  stroma  more  or  less  swollen  from  imbibition  of  fluid.  Others,  such 
as  ether  and  chloroform  and  the  salts  of  the  biliary  acids,  cause  the 
discharge  of  the  coloured  matter  into  the  surroundina;  fluid  :  blood  so 
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treated,  when  viewed  in  mass  by  transmitted  light,  is  seen  to  have  lost 
its  opaque  appearance  and  to  have  acquired  a  transparent  laky  tint. 
Such  lake-coloured  blood  may  also  be  produced  by  various  other  means, 
such  as  the  action  of  heat  (60°  C),  the  alternate  freezing  and  thawing 
of  a  portion  of  blood,  and  the  passage  of  electric  shocks  :  the  change 
in  colour  and  translucency  obviously  depends  upon  the  fact  that  the 
corpuscles,  when  deprived  of  their  coloured  part,  interfere  less  with  the 
transmission  of  light  than  before  :  such  blood  is  often  exceedingly  prone 
to  yield  crystals  of  hgsmoglobin  (to  be  afterwards  described).  The 
action  of  tannin  is  peculiar  from  the  fact  that  under  certain  conditions 
the  coloured  part,  instead  of  being  diffused  in  the  fluid,  becomes 
collected  into  a  minute,  highly  refracting,  globular  mass  which  remains 
attached  to  the  exterior  of  the  stroma  (W.  Roberts).* 

The  corpuscles  alter  their  shape  on  the  slightest  pressure,  as  is 
beautifully  seen  while  they  move  within  the  vessels  ;  they  are  also 
elastic,  for  they  readily  recover  their  original  form  again.  It  must  be 
remarked  that  the  blood -corpuscles  when  viewed  singly  appear  very 
faintly  coloured,  and  it  is  only  when  collected  in  considerable  quantity 
that  they  produce  a  strong  deep  red. 

The  human -blood  corpuscles,  as  well  as  those  of  the  lower  animals, 
often  present  deviations  from  the  natural  shape,  which  are  most 
probably  due  to  causes  acting  after  the  blood  has  been  drawn  from  the 
vessels,  but  in  some  instances  depend  upon  abnormal  conditions 
previously  existing  in  the  blood.  Thus,  it  is  not  unusual  for  many  of 
them  to  appear  indented  or  jagged  at  the  margin,  when  exposed  under 
the  microscope,  (fig.  10,  c,  c)  and  the  number  of  corpuscles  so  altered  often 
appears  to  increase  during  the  time  of  observation.  This  is,  perhaps, 
the  most  common  change  ;  it  occurs  whenever  the  density  of  the  plasma 
is  increased  by  the  addition  of  a  neutral  salt,  and  is  one  of  the  first 
effects  of  the  passage  of  an  electric  shock.  The  corpuscles  may  become 
distorted  in  various  other  ways,  and  corrugated  on  the  surface  ;  not 
unfrequently  one  of  their  concave  sides  is  bent  out,  and  they  acquire  a 
cup-like  figure. 

Gulliver  made  the  curious  discovery  Kg.  il. 

that  the  corpuscles  of  the  Mexican  deer 
and  some  allied  species  present  very 
singular  forms,  doubtless  in  consequence 
of  exposure ;  the  figures  they  assume 
are  various,  but  most  of  them  become 
lengthened  and  pointed  at  the  ends, 
and  then  often  slightly  bent,  not  unlike 
caraway-seeds.  ~     !>^^57>^te? 

The  red  disks,  when  blood  is  drawn  ^^^^*<2i^ 

fr-om  the  vessels,  sink  in  the  plasma ; 

they  have  a  singular  tendency  to  run  pjg,  h.-Red  Corpuscles  col- 
together,  and  to  cohere  by  their  broad  sur-  lected  into  Rolls  (after  Henle). 
faces,  so  as  to  form  by  their  aggregation 

cylindrical  columns,  like  piles  or  rouleaus  of  money,  and  the  rolls  or  piles 
themselves  join  together  into  an  irregular  network  (figs.  10  and  11). 
Generally    the    corpuscles   separate   on   a  slight    impulse,    and    they 

*  Proceedings  of  the  Koyal  Society,  vol.  xii.  p.  481.  For  some  interesting  observa- 
tions by  Dr.  "W.  Addison,  F.R.S.,  on  the  curious  effects  produced  on  red  blood-corpuscles 
by  immersion  in  sherry-wine,  see  Proceedings  of  the  Royal  Society,  Dec.  8,  1859. 
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may  then  unite  again.  The  phenomenon  is  probably  of  a  physical 
kind :  it  will  take  place  in  blood  that  has  stood  for  some  hours  after 
it  has  been  drawn,  and  also  when  the  globules  are  immersed  in  serum 
in  place  of  liquor  sanguinis.* 

By  processes,  wliicli  need  not  here  be  detailed,  Vierordt  and  Welcker  have  esti- 
mated the  number  of  red  corpuscles  in  a  cubic  millimetre  of  human  blood.  The 
former  assigns  it  at  upwards  of  5,000,000  ;  the  latter  at  .5,000,000  in  the  male, 
and  4,.500,000  in  the  female. 

Fis.  12. 


-(«: 
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Fig.  12.— Human  Eed  Corpuscles  (A)  and  Blood  Cokpuscles  of  the  Frog  (B)  placei> 

SIDE    BY    SIDE    TO    SHOW   RELATIVE    SIZE.       500  DiAMETERS. 

1,  shows  their  broad  surface  ;  2,  one  seen  edgeways  ;  3,   shows  the  effect  of  dilute 
acetic  acid  ;  the  nucleus  has  become  distinct  (from  Wagner). 


Like  the  mammalian  blood-disks  the  large  corpuscles  of  the  frog  and 
salamander  may  be  described  as  consisting  of  coloured  matter  and 
stroma.  They  differ  from  them  however  in  the  possession  of  a  more 
solid  particle  of  an  oval  shape  which  lies  imbedded  in  the  stroma.  This 
has  been  long  known  as  the  "nucleus,"  it  is  rather  more  than  one-third 
the  length  of  the  corpuscle.  In  the  natural  unaltered  condition  the 
nucleus  is  seldom  visible  ;  this  is  probably  owing  to  the  extreme 
smoothness  of  its  outline  and  the  fact  that  it  possesses  very  nearly  the 
same  index  of  refraction  as  the  rest  of  the  corpuscle.  For  it  may  be 
rendered  visible,  even  under  such  circumstances,  by  the  combined  action 
of  watery  vapour  and  carbonic  acid  upon  the  blood  ;  a  precipitate  (of 
paragiobulin)  is  thus  produced  upon  the  nucleus,  and  its  outline  comes 
into  view  ;  on  readmission  of  air  the  precipitate  is  re- dissolved,  and 
the  nucleus  again  disappears  (Strieker). 

The  effect  of  most  reagents  is  similar  to  that  produced  on  human  blood. 
"Water  causes  both  stroma  and  nucleus  to  swell  up  by  imbibition,  the  coloured 
part  being  extracted  at  the  same  time.  A  dilute  solution  of  acetic  acid  in  an 
indifferent  fluid  also  removes  the  colouring  matter,  but  the  stroma  and  nucleus 
retain  theu"  shape,  the  last-mentioned  body  presenting  a  markedly  granular 
appearance  (fig.  12,  3)  ;  if  strong  acetic  acid  be  employed,  the  nucleus  often 
acquires  a  reddish  tint.  Alkalies,  on  the  other  hand,  even  when  very  dilute, 
rapidly  destroy  both  coiiDuscle  and  nucleus.  Various  reagents  added  to  newt's- 
blood  cause  the  coloured  part  of  the  corpuscles  to  become  collected  around  the 
nucleus,  and  to  be  more  or  less  withdrawn  from  the  stroma  ;  this  is  more  especi- 
ally the  case  with  a  two  per  cent,  solution  of  boracic  acid  (Briicke)  :  the 
coloured  matter  and  nucleus  may  subsequently  be  altogether  extruded  fronr 
the  body  of  the  corpuscle. 

*  For  possible  explanations  of  this  phenomenon  the  reader  is  referred  to  memoirs  by 
Lister  (Phil.  Trans.,  1858),  and  Norm  (Proc.  Roy.  Soc.  1869). 
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Pale,  white  or  colourless  Corpuscles  (figs.  10  and  13). — These 

are  comparatively  few  in  number,  of  a  rounded  and  slightly  flattened 
figure,   rather  larger   in   man    and   mammalia 

than  the  red  disks,  and  varying  much  less  than  Fig-  13. 
the  latter  in  size  and  aspect  in  different  animals. 

In  man  (during  health)  the  proportion  of  the  ^^       ^^ 

white  corpuscles  to  the  red  is  about  2  or  3  to  ^^        '^ 

1000.     This  proportion  is  diminished  by  fasting  r^ 

and  increased  after  a  meal,  especially  of  albu-  --ZJ 
minous  food.     Their  number  compared  with  the 

red  corpuscles  is  said  to  be  greater  in  venous  Fig.  13.  —  Pale  Corpus- 

than  arterial  blood,  and  much  greater  jn  the  cles  of  Human  Blood  ; 

blood  of  the  splenic  and  hepatic  veins  than  in  ^iagxified  about   500 
venous   blood   generally.      They   are  destitute 

of  colour  and  specifically  lighter  than  the  red  The  upper  two  as  seen 

corpuscles.     In   nature  they  are  in  many   re-  ^^  ^^^  ordinary  manner  of 

■^ ,  •     -1        i-       j-i  I,  •  n        1        J         examination ;  the  lower  one 

spects  similar  to  the  embryonic  cells  already  ^^^^^  ^j^^  ^^^^^^  ^f  ^^il^^^^ 
described  (p.  8),  and  they  possess  in  a  high  acetic  acid,  which  brings 
degree  the  capability  of  undergoing  amoeboid  into  view  the  single  or 
movement ;  sending  out  processes  (fig.  10,  composite  luiclens. 
g,  p)  into  which  their  granules  enter  and  re- 
tracting them  again,  and  even  occasionally  performing  extensive 
locomotion.  The  pale  corpuscles  possess  one,  two,  or,  commonly,  three 
nuclei,  which  are  frequently  obscured  by  the  granular  character  of  the 
13rotoplasm,but  may  be  brought  into  view  by  dilute  acids  (fig.  13).  Minute, 
round,  clear  spaces  may  often  be  seen  in  the  protoplasm  (fig.  10) ; 
they  are  entirely  free  from  granules,  although  probably  filled  with 
fluid,  and  have  been  named  vacuoles.  They  are  also  met  with  in  the 
embryonic  as  well  as  in  other  protoplasmic  cells.  The  colourless  blood- 
corpuscles  are  commonly  distinguished  into  two  kinds,  according  as 
the  j)rotoplasm  composing  them  is  finely  granular  throughout  (fig. 
10,  ])),  or  contains  a  greater  or  less  number  of  coarser  granules, 
strongly  refracting  the  light  {g).  "Whether  in  the  latter  case  the 
granules  have  been  formed  from  fluid  matter  within  the  corpuscle, 
or  whether  they  have  not  rather  been  taken  in  from  the  surround- 
ing fluid,  by  the  same  process  as  an  amoeba  takes  in  its  food,  is  at 
present  uncertain  :  it  is  however  an  interesting  fact  that  the  pale 
blood-corpuscles  are  peculiarly  apt  to  take  into  their  interior  minute 
solid  particles  that  have  been  introduced  into  the  blood ;  this  pro- 
perty has  served  as  a  means  of  detecting  escaped  white  corpuscles 
in  tissues  which  are  wholly  extravascular,  the  cornea  for  example 
(Cohnheim). 

Albuminous  granules,  and  molecules  of  a  fatty  nature  occur  in  the 
blood  in  varying  numbers  ;  sometimes  very  scantily,  or  not  at  all,  but 
the  latter  sometimes  very  abundantly  so  as  to  give  the  serum  a  turbid, 
milky  appearance.  These  are  probably  derived  directly  from  the  chyle, 
and  they  are  especially  seen  in  the  blood  of  herbivora,  in  sucking 
animals,  and  in  pregnant  women. 

Granular  masses  occasionally  occur  in  drawn  blood,  even  when 
taken  from  a  healthy  person,  but  more  especially  in  cachectic  states  of 
the  system,  which  on  minute  examination  are  seen  to  be  composed  of 
excessively  fine,  colourless,  discoid  particles.  The  latter  under  favour- 
able conditions  develops  into  vibrating  filaments  which  break  away 
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fi'cm  the  mass  and  move  fi-cely  in  the  liquid  (Osier).*  Masses  of  pig- 
mentous  matter  are  also  oecasioually  found,  especially  in  disease  ;  and 
in  the  blood  of  the  splenic  vein  cells  enclosing  red  blood-corpuscles 
have  been  noticed  (Ecker,  Kolliker).  Fine  interlacing  filaments  are 
commonly  to  be  seen  in  a  preparation  of  blood  under  the  microscope. 
These  consist  of  fibrin,  and  are  formed,  after  the  blood  has  been  drawn, 
in  the  manner  to  be  presently  noticed. 

Liquor  Sanguinis,  or  Plasma.— This  is  the  pale  clear  fluid  in 
which  the  corpuscles  are  naturally  immersed.  Its  great  character  is 
its  strong  tendency  to  coagulate  when  the  blood  is  withdrawn  from  the 
circulating  current,  and  on  this  account  it  is  difficult  to  procure  it  free 
from  the  corpuscles,  Nevertheless,  by  filtering  the  slowly  coagulable 
blood  of  the  frog,  as  was  first  practised  by  J.  Miiller,  the  large  corpuscles 
are  retained  by  the  filter,  while  the  liquor  sanguinis  comes  through  in 
perfectly  clear  and  colourless  drops,  which,  while  yet  clinging  to  the 
funnel,  or  after  they  have  fallen  into  the  recipient,  separate  into  a 
pellucid  glassy  film  of  fibrin,  and  an  equally  transparent  diffluent 
serum.  When  human  blood  is  drawn  in  inflammatory  diseases,  as  well 
as  in  some  other  conditions  of  the  system,  the  red  particles  separate 
from  the  liquor  sanguinis  before  coagulation,  and  leave  the  upper  part 
of  the  liquid  clear.  In  this  case,  however,  the  plasma  is  still  mixed 
with  the  pale  corpuscles,  wdiich,  being  light,  accumulate  at  the  top.  On 
coagulation  taking  place  in  these  circumstances,  the  upper  part  of  the 
clot  remains  free  from  redness,  and  forms  the  well-known  buffy  coat  so 
apt  to  appear  in  inflammatory  blood.  Horse's  blood  ordinarily  presents 
this  condition  w-hen  drawn. 

The  readiest  way  to  obtain  the  liquor  sanguinis  in  quantity  free  from  red 
corpuscles  is  to  allow  the  blood  of  the  horse  to  flow  from  the  vessels  into  a 
receiver,  kept  cool  by  means  of  ice  :  the  blood  corpuscles  sink  to  the  bottom, 
leaving  the  upper  part  of  the  fluid  clear  and  colourless.  This  may  be  drawn 
off  into  another  vessel  and  is  found  readily  to  coagulate  at  a  slight  elevation  of 
temperature.  In  the  case  of  frog's  blood  this  artificial  cooling  is  not  always 
necessary ;  for,  if  it  be  collected  with  as  little  disturbance  as  possible,  e.r/.,  if  the 
,  heart  be  allowed  to  pump  blood  directly  into  a  clean  glass  tube,  little  or  no 
coagulation  may  take  place,  so  that  the  corpuscles  rapidly  subside  and  leave  the 
plasma  perfectly  clear  and  colourless. -j-  In  post  mm'tem  examinations  the  cavities 
of  the  heart  are  often  found  occupied  by  an  almost  completely  colourless,  gela- 
tinous coagulum.    This  is  due  to  the  subsidence  of  the  corpuscles  after  death. 

Coagulated  plasma,  wliether  obtained  from  bufpy  blood,  or  exuded  on 
inflamed  surfaces,  presents,  under  the  microscope,  a  multitude  of  fine 
filaments  confusedly  interwoven,  as  in  a  piece  of  felt  ;  but  these  are 
more  or  less  obscured  by  the  intermixture  of  corpuscles  and  fine 
granules,  the  former  having  all  the  characters  of  the  pale  corpuscles  of 
the  blood.  The  filaments  are  no  doubt  formed  by  the  fibrin,  as  it 
solidifies  in  the  coagulation  of  the  liquor  sanguinis.  Sometimes,  how- 
ever, fibrin  presents  when  coagulated  a  gelatinous  appearance  under  the 
microscope  without  any  sign  of  filaments. 

Blood  may  be  freed  from  fibrin  by  stirring  it  with  a  bundle  of  twigs, 
which  entangle  the  fibrin  as  it  concretes. 

*  Centralblatt  f.  d.  med.  Wissensch,  1873.     Proc.  E.   S.,  1874. 
+  Schafer.     British  Association  Reports,  1872. 
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The  blood  is  slightly  alkaline  in  reaction.  Carbonic  acid,  oxygen, 
and  nitrogen  gases  may  be  extracted  from  it  by  exhaustion  by  means 
of  the  Torricellian  vacuum  aided  by  gentle  warmth.  Carbonic  acid 
is  yielded  in  largest  proportion,  oxygen  next,  and  nitrogen  least.  The 
nitrogen  is  simply  retained  by  absorption,  «.e,,  in  the  same  proportion 
as  by  water  at  the  same  pressure  and  temperature.  The  oxygen  is  held 
by  the  coloured  matter  of  the  red  corpuscles  ;  it  may  be  completely  ex- 
pelled from  this  combination  by  means  of  carbonic  oxide  gas  (Bernard). 
The  carbonic  acid,  which  is  obtained  in  larger  proportion  from  serum 
than  from  blood,  is  in  great  part  combined  with  carbonate  of  soda  in  a 
bicarbonate  ;  from  this  combination  it  is  set  loose  in  vacuo  if  the  colour- 
ing matter  of  the  blood  is  present.  Arterial  blood  yields  more  oxygen 
and  less  carbonic  acid  than  venous  blood. 

On  being  evaporated,  1000  parts  of  blood  yieid  on  an  average,  about 
790  of  water  and  210  of  solid  residue.  This  residue  has  nearly  the 
same  ultimate  composition  as  flesh.  A  comparative  examination  of 
dried  ox-blood  and  dried  flesh  (beef),  by  Playfair  and  Boeckmann  gave 
the  following  mean  result : — 

FlcHh.  Blood. 

Carbon 51-86  51-96 

Hydrogen          .          .          ...          .         .          .     .       7-5S  7-25 

Nitrogen       ........     15-03  15-07 

Oxygen 21-30  21-30 

Ashes 4-23  4*42 

Red  Corpuscles. — The  specific  gravity  of  the  red  corpuscles  in  a 
moist 'state  is  calculated  at  1-088.  They  consist,  as  already  stated,  of 
an  insoluble  colourless  stroma,  and  a  diffused  red  matter,  which  is 
soluble  and  separable  by  water. 

The  stroma  consists  of  various  substances,  chief  among  which  are 
paraglolulin,  cholesterin,  and  a  phosphuretted  fat  which  was  named  by 
0.  Liebreich  jjrotagon,  but  which,  as  Hoppe-Seyler  has  shown,  itself 
consists  of  two  distinct  substances — lecithin  and  neurin. 

If  blood  be  shaken  up  with  ether,  the  fatty  matters  of  the  stroma 
are  dissolved,  and  the  colouring  matter  is  in  this  way  set  free  (Her- 
mann). 

Paraglobulin  will  be  most  conveniently  described  with  the  serum  of 
the  blood,  in  which  it  also  occurs,  and  from  which  it  is  more  readily 
obtainable  ;  and,  for  a  similar  reason,  the  consideration  of  the  other 
two  substances  will  be  deferred  until  the  nervous  system  has  been 
treated  of.''- 

The  soluble  coloured  ingredient  of  the  corpuscles  has  been  named 
haemoglobin  (cruorin  of  Stokes).  This  substance,  although  crystal- 
lizable,  is  indiffusible,  and,  according  to  Hoppe-Seyler,  contains,  when 
pure,  in  100  parts  54-2  of  carbon,  21'5  of  oxygen,  16-0  of  nitrogen, 
7'27  of  hydrogen,  0*7  of  sulphur,  and  0*42  of  iron  ;  or  C,^  ^^q,  Hg^o, 

*  The  nucleus  of  the  nucleated  red  corpuscle  consists  chiefly  of  mucin  (Kiihne,  L. 
Brunton). 
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IsTi^^j  Feg,  Sg,  O354.    It  may  be  obtained  in  quantity  and  tolerably 
pure  by  the  following  method  (Preyer)  : 

Blood  (preferably  from  a  dog)  is  di-awn  into  a  capsule,  and  the  serum  allowed 
to  separate.  The  clot  is  then  taken,  and  after  being  quickly  minced,  is  thrown 
upon  a  filter,  and  washed  with  ice-cold  distilled  water  until  the  washings  yield 
but  little  precipitate  with  perchloride  of  mercuiy.  By  this  process  the  seinim, 
with  the  albumin  it  contains,  is  in  great  part  removed,  the  cold  water  taking  up 
but  little  of  the  htemoglobin.  The  latter  is  then  dissolved  out  by  warm  water, 
and  an  amount  of  alcohol,  just  insufficient  to  cause  its  precipitation,  is  added  to 
the  solution.  On  placing  this  in  a  freezing  mixture,  a  large  part  of  the  hajmo- 
globin  crystallizes  out. 

The  crystals  of  hemoglobin  present  yarious  forms  in  different 
animals,  but  almost  all  (the  hexagonal  plates  of  the   squirrel   alone 

being  excepted)  belong  to  the 
Fig- 14.  rhombic  system.  From  human 

blood  and  that  of  most  mam- 
mals, the  crystals  are  elongated 
prisms  (fig.  14, 1),  but  tetrahe- 
drons in  the  guinea-pig  (2), 
and  short  rhombohedrons  in 
the  hamster  (4).  They  are 
most  readily  obtained  for  mi- 
croscopical examination  from 
the  blood  of  the  rat,  "where 
they  appear  merely  on  the 
addition  of  a  little  water. 

All  haemoglobin  crystals  con- 
tain a  certain  amount  of  water 
of  crystallization  (Kiihne). 
They  are  doubly  refracting 
(anisotropous),  and  the  spec- 
trum of  hsemoglobin,  whether 
in  substance  or  in  solution, 
may  be  always  readily  recog- 
nised by  the  donble  or  single 
absorption  bands,  which  are 
produced  according  as  it  is 
present  in  the  oxidated  or  deoxidated  condition.* 


Fig.  14. — Blood-Crystals,  jiagsified. 
1,  from   human  blood  ;  2,  from  the  guinea 
pig ;  3,  squirrel ;  4,  hamster. 


Products  of  Decomposition  of  Haemoglobin. — Hcemoglobin  is  an  exceed- 
ingly unstable  body.  Even  at  the  ordinary  temperature  the  crystals  cannot 
long  be  preserved  without  undergoing  alteration,  the  substance  of  which 
they  are  composed  readily  decomposing  into  an  exceedingly  pure  (ash-free) 
albuminoid  substance,  named  by  Preyer  fjlohin,  and  a  brownish-red  powder, 
very  nearly  allied  to  hEemoglobin  in  chemical  composition  (hence  teiined 
methcemoglobhi) ,  but  differing  from  that  body  both  in  its  general  reactions  and 
in  the  character  of  its  spectrum.  Another  brownish-red  substance,  which  contains 
all  the  iron  of  hemoglobin,  and  was  long  supposed  to  be  the  true  colouiing 

*  For  an  account  of  the  examination  of  the  colouring  matter  of  the  blood  by  the  prism, 
and  of  the  differences  in  its  absorptive  effect  on  light,  the  reader  is  referred  to  an  im- 
portant paper  by  Professor  G.  Gr.  Stokes,  in  the  Proceedings  of  the  Royal  Society  for 
.June  16,  1864,  vol.  xiii.  p.  .355,  as  well  as  to  an  exhaustive  treatise  on  the  whole  subject 
of  hcemoglobin,  by  TV.  Preyer  (Die  BlutkrystaUe,  Jena,  1871). 
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matter  of  blood,  is  produced  by  the  action  of  alkalies  upon  haemoglobin,  and  is 
tei-med    hcemafin.     When    obtained  pui'e 

this  body  is  insoluble  in  water,  and  also  Fig.  15, 

in  alcohol  and  ether,  except  in  presence 
of  an  alkali.  Like  ha3mog'lobin,  its  alka- 
line solutions  produce  a  different  effect 
upon  the  spectram  according  as  they  are 
oxidated  or  deoxidated  ;  the  absorption 
bands  are,  however,  entii'ely  different 
from  those  of  hemoglobin.  The  effect  of 
acids  upon  hasmatin  is  to  separate  the 
iron  and  to  transform  the  substance  into 
Jurmntoui  (acid-hcematin),  the  spectrrun 
of  which  is  characterised  by  the  presence 
of  four  absorption  bands.  A  comjoound 
of  haematin  with  hydi'ochloric  acid  (//r?;«?« , 
Teichmann)  is  readily  obtained  from 
haemoglobin  by  warming  it  with  a  little 
salt  and  glacial  acetic  acid.  On  cooling, 
it  crystallizes  out  in  minute  reddish-brown 
acicular  prisms  (iig\  1.5),  the  demonstra- 
tion of  which  affords  a  positive  proof  Fig.  15. — Hj;3nN  Crystals,  Magnified 
of  the  presence  of  blood-coloiuing  matter.  (from  Preyer). 

They  may  readily  be  obtained  from  dried 

blood  without  the  addition  of  salt,  merely  by  vrarming  it  with  concentrated  acetic 
acid.* 

Inorganic  Constituents  cf  the  Sed  Corpuscles. — Besides  the 
iron  of  the  hosmoglobin,  the  red  corpuscles  contain  a  certain  propor- 
tion of  salts,  chiefly  of  potash  and  lime,  combined  with  carbonic  and 
phosphoric  acids.  It  is,  howcA^er,  impossible  to  obtain  the  corpuscles 
in  quantity,  sufficiently  isolated  for  exact  analysis. 

Proportion  of  B.ed  Corpuscles. — The  red  corpuscles  form  by  far 
the  largest  part  of  the  organic  matter  in  the  blood  :  their  proportion 
may  be  approximately  ascertained  by  filtering  defibrinated  blood  mixed 
with  solution  of  sulphate  of  soda  ;  or  by  weighing  the  dried  clot,  and 
making  allowance  for  the  fibrin  it  contains.  The  latter  method,  how- 
ever, will  serve  only  to  give  a  rough  estimate,  as  the  very  uncertain 
amount  of  serum  remaining  in  the  clot  and  affecting  its  weight  cannot 
be  determined.  Prevost  and  Dumas  made  too  large  a  deduction  for  the 
solid  matter  supposed  to  belong  to  the  retained  serum,  and  this 
reduced  the  estimate  of  the  dried  corpuscles  too  much,  viz.  to  129  parts 
per  1000  of  blood.  Lecanu  also  gives  it  at  from  120  to  ISO  :  Becquerel 
and  Eodier  at  from  131  to  152.  Schmidt,  from  three  modes  of  cal- 
culation, which  it  is  needless  here  to  explain,  arrived  at  the  conclusion 
that  the  proportion  of  moist  red  corpuscles  in  1000  parts  of  blood  is 
from  480  to  .520 ;  but  there  are  reasons  for  regarding  this  as  too 
high  an  estunate.  Hoppe-Sevler  estimates  the  proportion  at  326  per 
1000. 

Different  observers  agi-ee  that,  as  a  general  rrde,  the  proportion  of  red  particles 
is  gi-eater  in  the  blood  of  the  male  sex  than  in  that  of  the  female.  Lecanu  gives 
the  following-  mean  result,  derived  from  numerous  analyses,  exhibiting  the  pro- 
poi'tion  of  diy  crassamentum  and  water  in  the  blood  of  the  two  sexes.     No 

*  For  some  interesting  observations  by  A.  Gamgee  on  the  action  of  nitrites  on  hemo- 
globin, see  Philosophical  Transactions,  1868,  p.  589. 
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deduction  is  made  for  the  fibrin  ;  but,  considering  its  small  relative  quantity,  any- 
possible  variation  in  it  cannot  materially  affect  the  general  conclusion. 

Hale.  Female. 

Crassamentum,  from.  115-8  to  1-18         .         .         68-3  to  129-9 

Water      .  .  .  .     778     to  805  .  .        790     to  853 

As  regards  age,  Denis  found  the  proportion  of  crassamentum  greatest  between 
the  ages  of  30  and  40.  Sudden  loss  of  blood  rapidly  diminishes  it.  In  two 
women  who  had  suffered  from  uterine  hajmoiThage,  the  crassamentum  amounted 
to  only  70  jDarts  in  1000.  The  same  effect  may  be  observed  to  follow  ordinary- 
venesection.  In  a  person  bled  three  times  in  one  day,  Lecanu  found  in  the  first 
drawn  blood  139,  and  in  the  last  only  76  parts  of  crassamentum  in  the  1000. 
This  effect  may  be  produced  very  suddenly  after  a  bleeding.  Prevost  and  Dumas 
bled  a  cat  from  the  jugular  vein,  and  found  116  parts  of  crassamentum  in  1000, 
but  in  blood  drawn  five  minutes  afterwards,  it  was  reduced  to  93.  The  sudden 
loss  of  blood  probably  causes  a  rapid  absorption  of  serous  and  watei-y  fluid  into 
the  vessels,  and  thus  diminishes  the  relative  amount  of  the  red  particles.  It  is 
found  that  the  blood  of  warm-blooded  animals  is  richer  in  crassamentum  than 
that  of  the  cold-blooded  ;  and,  among  the  fonner,  the  proportion  is  highest  in 
the  class  of  birds. 

Liquor  Sanguinis,  or  Plasma. — The  fluid  part  of  the  blood,  as 
already  described,  separates  spontaneously  into  fibrin  and  seram.  The 
fibrin  may  be  obtained  by  stirring  the  blood  as  soon  as  possible  after  it 
is  drawn,  or  by  washing  the  crassamentum  with  water,  to  free  it  from 
red  matter.  Procured  in  either  of  these  ways,  the  fibrin  contains  pale 
corpuscles  and  a  small  proportion  of  fat.  From  dried  fibrin  of  healthy 
human  blood,  Nasse  obtained  nearly  five  per  cent,  of  fat,  and  still  more 
from  the  fibrin  of  buffy  blood.  The  proportion  of  fibrin  in  the  blood 
does  not  exceed  2h  parts  in  1000  ;  indeed,  according  to  the  greater 
number  of  observers,  it  is  not  more  than  2i.  As  a  general  rule,  the 
quantity  is  somewhat  greater  in  arterial  than  in  venous  blood,  and  it 
is  increased  in  certain  states  of  the  body,  especially  in  inflammatory 
diseases  and  in  pregnancy. 

Origin  of  Fibrin.  —  It  is  now  ascertained  that  the  fibrin  is  not 
present,  as  such,  in  a  liquid  form,  in  the  plasma,  but  is  produced 
at  the  moment  of  consolidation  by  the  co-operation  or  combination 
of  two  previously  distinct  substances.  About  thirty  years  ago, 
A.  Buchanan'"  discovered  that  the  fluid  of  hydrocele,  which  might  in 
an  unmixed  state  be  kept  for  an  indefinite  time  without  coagulating, 
very  speedily  congealed  and  separated  into  clot  and  serum  when 
mixed  with  a  little  blood.  Ordinary  blood-serum,  blood-clot,  especially 
washed  clot,  and  buffy  coat,  even  after  being  dried  and  long  kept, 
when  added  in  small  proportion  to  the  hydrocele-fluid,  produced  the 
same  etfect.  From  these  facts  Buchanan  concluded  that  fibrin  exists 
as  a  liquid  both  in  hydrocele-fluid  and  in  the  liquor  sanguinis,  that 
liquid  fibrin  does  not  coagulate  spontaneously,  but  requires  for  that 
end  the  influence  of  some  "  suitable  reagents,"  that  such  a  reagent  is 
naturally  present  in  the  blood,  and  brings  about  the  solidification  of  its 
fibrin  in  the  natural  process  of  coagulation,  and  that  it  is  absent  from 
the  hydrocele-fluid,  but  when  supplied  by  the  addition  of  blood,  causes 
the  fluid  fibrin  to  solidify.  On  further  reasoning  on  the  facts  he  had 
observed.  Dr.  Buchanan  was  led  to  believe  that  "coagulant  power" 

*  Proceedings  of  the  Glasgow  Philosopliical  Society,  1845. 
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was  mainly  seated  in  the  pale  corpuscles,*  which  abound  in  the  washed 
clot  and  the  buify  coat,  and  are  present  in  the  serum  ;  and  that  their 
efficacy  depended  on  their  organisation  as  elementary  cells.  In  harmony 
with  this  latter  view,  he  found  on  trial  that  the  organised  tissues,  such 
as  muscle,  skin,  and  spinal  marrow,  possessed  the  same  power,  though 
in  a  less  degree  than  the  pale  corpuscles,  in  which,  as  primary  cells,  the 
metabolic  power  is  more  energetic. 

The  remarkable  phenomenon  described  by  Buchanan  did  not 
obtain  the  consideration  it  deserved,  and  the  coagulation  of  hydrocele- 
fluid,  under  the  conditions  stated,  was  commonly  ascribed  to  some 
catalytic  action  of  the  substance  added,  which  induced  liquid  fibrin 
present  in  the  fluid  to  solidify.  In  1861,  however,  A.  Schmidt,  o± 
Dorpat,  apparently  unaware  of  Buchanan's  observations,  fell  upon 
facts  of  the  same  kind,  and  pursuing  the  investigation  by  an  elaborate 
series  of  experiments,  not  only  with  hydrocele-fluid,  but  with  peri- 
cardial, peritoneal,  and  other  serous  fluids  and  effusions,  which  give  a 
like  result,  has  satisfactorily  shown  that  fibrin  has  no  existence  in  a 
liquid  state,  but  that  when  it  appears  as  a  coagulum  in  a  fluid,  it  is 
actually  produced  then  and  there  by  the  union  of  two  constituents 
present  in  solution,  and  forthwith  shed  out  as  a  solid  matter.  One  of 
these  constituents  which  contributes  in  largest  measure  to  the  product, 
he  names  fibrinoijenous  substance,  the  other  Jihnnoj^Iasfic  substance.  In 
the  coagulation  of  hydrocele-fluid,  the  former,  or  fibrinogen,  is  already 
there,  while  the  fibrinoplastin  is  supplied  from  the  blood.  It  is  not 
that  the  latter  converts  albumin  into  fibrin,  for,  after  a  certain  amount 
of  fibrin  has  been  coagulated  from  the  serous  fluid,  no  farther  addition 
will  generate  more,  although  abundance  of  albumin  remains ;  and 
again,  a  given  quantity  of  filDrinoplastin  wiU  not  coagulate  with  equal 
rapidity  and  intensity  any  amount  of  fluid  containing  fibrinogen.  In 
short,  the  fibrinoplastic  substance  seems  to  operate  not  by  catalysis, 
but  by  combining  with  the  other  necessary  Ingredient.  Now  Schmidt 
has  shown  that  the  fibrinoplastic  matter  presents  all  the  chemical 
characters  of  paraglobulin,  and  is,  in  fact,  nothing  else -than  that 
substance.  This  paraglobulin  is  not  restricted  to  the  red  corpuscles  ; 
it  is  found  in  the  serum  after  separation  of  the  clot,  and  doubtless 
exists  also  in  the  pale  corpuscles.  Nor  is  it  confined  to  the  blood. 
From  chyle  and  lymph,  and  from  various  organs  and  tissues  of  the 
body,  a  substance  may  be  obtained  having  the  same  reactions  and  the 
same  fibrino-plastic  power.  Fibrinogen  may  be  obtained  from  hydro- 
cele-fluid in  the  same  manner  as  paraglobulin  from  blood-serum  {vide 
infra) ;  it  very  closely  resembles  paraglobulin  in  its  chemical  relations, 
only  it  is  less  soluble  in  acids  and  alkalies,  and  less  energetic  in  all  its 
re-actions.  Of  course,  it  exists  in  blood-plasma,  and  in  the  process  of 
coagulation  of  the  blood  combines  with  paraglobulin  to  form- the  fibrin 
of  the  clot.f 

*  This  idea  or  one  similar,  has  been  recently  revived  by  Mantegazza,  who  conceives  the 
fibrin  to  be  derived  from  the  pale  corpuscles,  or  at  least  that  their  presence  is  necessary 
for  coagulation  to  take  place.  Compare  also  Burdon  Sanderson,  Handbook  for  the  Physio- 
logical Laboratory,  p.  173. 

f  Schmidt,  Alex.,  in  Reichert  &  Du  Bois  Eeymond's  Archiv  fiir  Anat.  u.  Physiol. 
1861  and  1862.  For  a  lucid  account  of  this  subject,  founded  on  a  confirmatory  repeti- 
tion of  Buchanan's  and  of  Schmidt's  fundamental  experiments,  see  an  article  on  ' '  the 
Coagulation  of  the  Blood,"  [by  Dr.  Michael  Foster],  in  the  Natural -History  Eeviewfor 
1864,  p.  157. 
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Serum. — This  is  a  thin  and  usually  transparent  liquid,  of  a  pale 
yellowish  hue  ;  it  is,  however,  sometimes  turbid,  or  milky,  and  this 
turbidity  may  depend  upon  different  conditions,  but  most  commonly  on 
excess  of  fatty  particles.  The  specific  gravity  of  serum  ranges  from 
1-025  to  I'OoO,  but  is  most  commonly  between  1'027  and  1-028  (]S[asse), 
and  is  more  constant  than  that  of  the  blood.  The  solid  contents  of 
the  serum  are  not  more  than  8  or  9  in  100  parts  ;  the  proportion  of 
water  being,  for  males  90-88,  and  for  females  91-71.  It  is  always  more 
or  less  alkaline.  When  heated,  it  coagulates,  in  consequence  of  the 
large  quantity  of  albumin  it  contains ;  and  after  separation  of  the 
albumin,  a  thin  saline  liquid  remains,  sometimes  named  "serosity." 
The  following  ingredients  are  found  in  the  serum  : — 

Albumin. — This  principle  is  partly  combined  with  soda  as  an 
albuminate  ;  its  quantity  may  be  determined  (after  previous  removal  of 
paraglobulin)  by  precipitating  it  in  the  solid  form  by  means  of  heat  or 
alcohol,  washing  with  distilled  water,  drying,  and  weighing  the  mass. 
Its  proportion  is  about  80  in  1000  of  serum,  or  nearly  40  in  1000  of 
blood.  Serum-albumin  differs  from  albumin  obtained  from  white  of 
egg  in  the  fact  of  its  not  being  precipitated  by  ether ;  in  other  respects 
it  closely  resembles  that  substance.  Albumin  is  coagulated  and  trans- 
formed into  an  insoluble  variety  by  heat. 

Albumin  is  closely  allied  to  paraglobulin,  fibrinogen,  myosin,  and  many  other 
nitrogenized  substances  met  with  in  the  animal  economy  :  they  are  therefore  com- 
monly grouped  together  as  albuminoid  substances,  protein  bodies,  or  proteids. 
Albmninoids  are  characterised  by  their  low  diffusibility  and  their  readiness,  when 
in  solution,  to  take  on  the  solid  condition,  or  to  coagulate.  They  therefore  belong 
to  the  colloid  substances  of  G-raham.  They  are  precipitated  from  their  solutions 
by  alcohol,  mineral  acids,  tannic  acid,  corrosive  sublimate,  and  many  other 
metallic  salts.  They  are  all  colotu'ed  yellow,  by  nitric  acid,  becoming  red  on 
subsequent  addition  of  ammonia.  Acid  nitrate  of  mercury  produces  a  red  colour, 
and  sulphate  of  copper  and  potash  a  violet  colour  in  their  solutions.  The  albu- 
minoids aU  consist  of  carbon,  hydrogen,  oxygen,  and  nitrogen,  together  with  a 
small  amount  of  sulphui". 

By  the  action  of  the  gastric  juice  ordinary  albuminoids  are  transformed 
into  an  exceedingly  soluble,  diffusible  variety  termed  ^^i?/;#07i. 

Albumin  combines  with  both  acids  and  alkalies  forming  respectively  acid- 
albumin  or  syntonin,  and  alkali-albumin  or  casein. 

Faraglobulm. — When  serum  is  diluted  with  about  ten  times  its 
bulk  of  distilled  water,  and  subjected  to  a  stream  of  carbonic  acid,  the 
liquid  becomes  turbid,  and  paraglobulin  is  precipitated.  It  may  also  be 
obtained  from  the  diluted  serum  by  the  cautious  addition  of  acetic  acid, 
but  the  least  excess  of  acid  will  re-dissolve  the  preciiDitate.  Para- 
globulin is  a  protein  compound,  agreeing  very  nearly  with  albumin  in 
elementary  composition,  so  far  as  this  has  been  ascertained.  Para- 
globulin is  nearly  insoluble  in  pure  water,  but  readily  dissolves  on  a 
very  slight  addition  of  either  an  alkali  or  an  acid.  Weak  acids  throw 
it  down  from  its  solution  in  alkali,  but  when  added  in  slight  excess 
re-dissolve  it.  In  like  manner  it  is  precipitated  by  alkalies  from  its 
solutions  in  acids  and  re-dissolved  by  excess.  From  neither  of  these 
solutions  is  it  thrown  down  by  heat.  It  is  dissolved  by  neutral  salts, 
and  from  this  solution  heat  throws  it  down  in  an  insoluble  precipitate. 
Prom  its  slightly  alkaline  solution  in  water  it  is  thrown  down  by  a 
stream  of  carbonic  acid,  and  may  be  re-dissolved  by  passing  air  or 
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oxygen  through  the  liquid.  Its  precipitate  is  distinguished  from  that 
of  other  albuminoids  by  being  always  in  form  of  fine  granules  or 
molecules.  But  the  most  important  and  distinctive  character  of  para- 
globulin  is  its  fibrino-plastic  property,  already  referred  to,  by  which  it 
co-operates  with  fibrinogen  in  producing  solid  fibrin ;  this  property  is 
destroyed  by  exposure  of  the  solution  to  a  boiling  heat. 

Paraglobulin.  is  almost  identical  in  chemical  natui-e  and  composition  with  tlie 
substance  which  composes  the  crystalline  lens,  and  which  was  named  by  Berzelius 
glohuUn.  Tlie  latter  substance,  however,  besides  exhibiting  minor  differences,  does 
not  possess  the  fibrino-plastic  power  :  they  have  therefore  been  separately  distin- 
guished by  Kldme.  Like  hemoglobin,  paraglobulin  is  diffusible  through  animal 
membranes,  not  through  vegetable  parchment.  Fibrinogen,  on  the  other  hand, 
is  totally  indiffusible.  Both  paraglobulin  and  fibrinogen  may  be  precipitated 
fi-om  their  solutions  by  the  addition  of  common  salt  to  satui-ation. 

A  substance  similar  to  myosin  has  also  been  described  as  occui-ring  in  blood- 
serum  (Heynsius). 

Fatty  Compounds. — A  small  amount  of  fat  is  contained  in  the 
serum,  partly  dissolved,  and  partly  diffused  in  the  liquid.  It  may  be 
separated  by  gently  agitating  the  serum  with  about  a  third  of  its  bulk 
of  ether,  or  by  evaporating  the  serum  and  digesting  the  dry  residue 
in  ether,  or  in  boiling  alcohol.  The  turbid  milky  aspect  which  serum 
often  exhibits,  is  in  most  cases  due  to  a  redundance  of  fat,  and  may 
accordingly  be  removed  by  agitation  with  ether. 

Extractive  Matters. — When  the  serum  has  been  freed  from  albu- 
minous matter  by  coagulation,  and  from  fat  by  ether,  and  is  evaporated 
to  dryness,  a  yellowish  or  brown  mass  remains,  consisting  of  organic 
matters  mixed  with  salts  ;  the  former  belonging  principally  to  the  ill- 
defined  class  of  substances  denominated  "  extractive  matters."  These 
have  now  been  more  carefully  sifted,  and  have  yielded  several  definite 
and  recognisable  bodies,  generated  in  the  natural  process  of  decomposi- 
tion of  the  tissues,  or  residual  matters  of  nutrition  formed  in  the  blood 
itself,  and  on  their  way  to  be  excreted  by  the  kidneys.  Several  of  the 
substances  to  be  next  mentioned  belong  to  this  class,  and  as  they  are 
obviously  excrementitial  and  transitory  ingredients,  they  are  not  allowed 
to  gather  in  any  notable  quantity  in  the  healthy  state  of  the  economy. 

Creatin  and  Creaiinm. — Products  of  the  natural  "wear"  of  the 
muscles,  or  derived  from  fleshy  food.  These  compounds,  which  are 
found  in  muscular  substances  and  in  the  urine,  together  with  hypox- 
anthin  (also  named  sarMn),  obtainable  from  the  same  sources,  have  been 
stated  to  exist  in  excessively  small  quantities  in  the  blood. 

Urea. — This  substance,  which  accumulates  in  the  blood  of  animals 
after  extirpation  of  the  kidneys  or  ligature  of  the  renal  arteries,  as  well 
as  in  certain  diseases,  has  been  found  in  very  minute  quantity  in  the 
healthy  blood  of  the  ox  and  of  the  calf,  by  Marchand  and  Simon,  and 
in  that  of  man,  by  Lehmann,  Garrod,  and  others.  It  is,  however,  in 
such  excessively  small  quantity,  that  its  estimation  is  attended  Avith 
great  difiiculty. 

Uric  Acid  has  been  shown  to  exist  in  healthy  blood  by  Garrod,  and  in 
that  of  persons  suffering  from  gout  it  is  in  such  considerable  quantity 
as  to  be  readily  detected.    In  health  its  jjroportion  is  extremely  small. 

Hijjpuric  Acid  is  found  in  the  blood  of  herbivora,  and,  according  to 
some  observers,  in  that  of  man.  There  is,  however,  much  doubt  upon 
this  point. 
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Lcucin  and  T//rosi)i,  which  exist  in  almost  all  secretions  and  excre- 
tions, probably  are  present  in  minute  quantity  in  the  blood ;  but  as  yet 
they  have  only  been  detected  in  it  in  disease  of  the  liver. 

Sifffar  has  been  found  in  the  blood  of  dogs,  oxen,  and  cats,  also  in 
that  of  diseased  and  healthy  persons.  The  quantity  is  very  small.  The 
form  of  sugar  is  that  known  as  glucose  or  grape  sugar. 

(folourmg  and  Odoriferous  3f afters. — The  yellowish  colour  and  peculiar 
faint  odour  which  serum  possesses  are  probably  dependent  upon  the 
p)resence  of  certain  definite  principles,  No  one  has,  however,  as  yet 
succeeded  in  isolating  them.  The  odour  of  the  blood  is  said  to  be  of 
peculiar  character  in  each  species  of  animal,  and  to  be  heightened  by 
the  addition  of  sulphuric  acid.  Schmidt  found,  however,  that  the  blood 
of  only  three  animals  yielded  an  odour  distinctive  of  the  species. 

Salts. — 1,  Having  soda  and  potash  as  bases,  combined  with  lactic, 
carbonic,  phosphoric,  sulphuric,  and  fatty  acids.  Also  chlorides  of 
sodium  and  potassium,  the  former  in  large  proportion.  Schmidt  has 
pointed  out  that  the  potash-salts  exist  almost  exclusively  in  the  blood- 
corpuscles  and  the  soda  salts  principally  in  the  serum.  In  the  cor- 
puscles there  are  principally  chloride  of  potassium  and  phosphate  of 
potash  :  in  the  serum,  chloride  of  sodium  and  phosphate  of  soda.  The 
following  table  (giving  the  mean  of  eight  experiments)  exhibits  the 
relative  quantities  of  potassium  and  sodium,  and  of  phosphoric  acid  and 
chlorine,  in  the  blood-corpuscles  and  plasma. 

100  parts  of  Inorganic  Matters. 


Blood-  Corimsdea. 


K. 


40-89 


Na. 


9-71 


Plasma. 

{ 
K.       I       Na. 


.5-19 


37'7J: 


Blood-  Corimscles. 
PC.  CI. 


17-G4 


Plasma. 
PC..  CI. 


21-00 


6-08 


40-68 


The  table  shows  that  the  chlorides  are,  relatively  to  the  phosphates,  in  much 
larger  quantity  in  the  plasma  than  in  the  blood-corpuscles  ;  and  that  the  phos- 
phates are,  relatively  to  the  chlorides,  in  much  larger  proportion  in  the  blood- 
corpuscles  than  in  the  plasma. 

2.  Lactate  of  ammonia.      3.  Salts  with  earthy  bases,  viz.,  lime  and 
magnesia,  with  phosphoric,  carbonic,  and  sulphuric  acids. 

The  earthy  salts  are  for  the  most  part  associated  with  the  albumin,  but  partly 
with  the  crassamentum.  As  they  are  obtained  by  calcination,  it  has  been  sus- 
pected that  the  phosphoric  and  sulphuric  acids  may  be  in  part  formed  by  oxida- 
tion of  the  phosphorus  and  sulphur  of  the  organic  compounds.  Nasse  found  in 
1000  parts  of  blood  4  to  7  of  alkaline,  and  0-53  of  earthy  salts. 

The  ashes  of  blood  yield,  according  to  Jarisch,  8-34  per  cent,  of  oxide  of  iron, 
or  about  -0948  parts  in  100  of  blood. 

Mean  Composition  of  Blood. — The  following  approximative  state- 
ment of  the  mean  composition  of  venous  blood  (horse)  is  furnished  by 
Hoppe-Seyler  : — 

In  1000  parts  of  blood- 
Corpuscles      326-2 

Plasma 670-8 


Fibrin  . 

9-2 

Albumin 

70-5 

Fats     . 

1-0 

Extractives  . 

3-6 

Soluble  salts 

5-8 

Insoluble  salts 

1-5 
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In  1000  parts  of  corpuscles — 

Water 565-0 

**  Solids    .         .         .    ■ 435-0 

In  1000  parts  of  plasma — 

Water 908-4 


Solids. 91-6 


Scherer  and  Otte  give  the  following  as  the  composition  of  human 
venous  blood  : — 

In  100  parts  of  blood — 

Water 79-05 

r  Fibrin   ...  0-2 
I  Albuminoids  (with 

Solid  matters    ....    20-95<(      Hemoglobin)     .  19-44 

Extractives             .  '48 

(.Soluble  salts.         .  -83 

The  serum  of  the  same  blood  yielded  in  100  parts — 

Water 90-66 

Albumin 7-76 

Extractives    .         .         .         .         .         .         .0.51 

Soluble  salts 0-94 

Difference  between  Arterial  and  Venous  Blood. — By  arterial  blood  is  meant 
that  which  is  contained  in  the  aorta  and  its  branches  (systemic  arteries),  in  the 
pulmonai-y  veins  and  in  the  left  cavities  of  the  heart ;  the  venous  blood  is  that  of 
the  veins  generally,  the  pulmonary  arteries,  and  right  cavities  of  the  heart.  Their 
differences,  apart  from  their  functional  effects  in  the  living  body,  come  under 
the  heads  of  colour  and  composition. 

1.  Colour.  Ai-terial  blood,  as  already  stated,  is  scarlet,  venous  blood  dark,  or 
pui-ple.  Venous  blood  assumes  the  scarlet  colour  on  exposm-e  to  air,  i.  e.,  to 
oxygen.  This  change  is  gi-eatly  promoted  by  the  saline  matter  of  the  serum, 
and  may  be  accelerated  by  adding  salts  or  sugar  to  the  blood,  especially  by  cai-- 
bonate  of  potash,  or  of  soda,  and  by  nitre.  Salts  added  to  dark  blood,  without 
exposui-e  to  oxygen  or  air,  cause  it  to  assume  a  red  colour-,  but  not  equal  in 
brightness  to  that  of  arterial  blood.  On  the  other  hand,  the  addition  of  a 
little  water  darkens  the  blood.  According  to  Stokes,  the  corpuscles  in  the 
foitner  case  "  lose  water  by  exosmosis,  and  become  thereby  highly  refractive,  in 
conseqiience  of  which  a  more  copious  reflexion  takes  place  at  the  common  sur- 
face of  the  corpuscles  and  suiTounding  fluid.  In  the  latter  case  they  gain  water  by 
endosmosis,  which  makes  their  refractive  power  more  nearly  equal  to  that  of  the 
fluid  in  which  they  are  contained,  and  the  reflexion  is  consequently  diminished."  * 
But  the  presence  of  sei-um  or  of  saline  matter  is  not  indispensable  to  the  bright- 
ening, for  although  the  clot  when  washed  free  from  serum  scarcely  if  at  all 
reddens  on  exposure  to  oxygen,  yet  it  is  found  that  the  red  matter  when  squeezed 
out  of  the  clot  and  dissolved  in  water,  still  becomes  brighter  and  clearer  on 
exposure  to  oxygen,  Vv^hilst  the  colour  is  darkened  (and  the  solution  becomes 
tui-bid  from  deposition  of  paraglobulin),  on  being  shaken  with  carbonic  acid.  As 
in  this  case  the  colouring  matter  is  extracted  from  the  corpuscles  and  is  red- 
dened by  oxygen  without  the  presence  of  salts,  it  is  plain  that  the  difference  of 
colour-  of  arterial  and  venous  blood  essentially  depends,  not  on  a  difference  in  the 
figure  or  density  of  the  corpuscles,  but  on  the  alteration  produced  in  the  colour- 

*  Proc.  Royal  Soc,  vol.  xiii.  p.  362. 
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ing  substance  by  oxidation  and  deoxidation,  which  alters  its  absorptive  effect  on 
the  light. 

Viewed  in  thin  layers  by  transmitted  light,  venous  blood  appears  green.  It  is, 
therefore,  dichroitic. 

2.  Composition.  The  arterial  blood,  so  far  as  is  known,  is  uniform  in  nature 
throughout ;  but  m  passing  through  the  capillary  vessels  into  the  veins,  whilst  it 
generally  acquires  the  common  characters  of  venous  blood,  it  luidergoes  special 
changes  m  its  passage  through  particular  organs,  so  that  the  blood  of  all  veins  is 
not  alike  in  quality.  Thus  the  blood  of  the  hepatic  veins  differs  from  that  of  the 
portal  vein,  and  both  are  in  various  respects  different  from  what  might  be 
regarded  as  the  common  venous  blood,  which  is  conveyed  by  the  veins  of  the 
limbs,  and  of  the  muscular  and  cutaneous  parts  of  the  body  generally.  Moreover, 
Bernard  has  shown  that  the  blood  of  veins  returning  from  secreting  glands  differs 
according  to  the  state  of  functional  activity  of  the  organs.  Whilst  their  function 
is  in  abeyance  the  blood  in  their  veins  is  dark,  as  usual,  but  when  secretion  is 
active,  the  blood,  which  then  also  flows  much  more  freely  and  abundantly,  comes 
through  from  the  arteries  to  the  veins  with  very  little,  if  anj,  reduction  of  its 
arterial  brightness  ;  it  also  retains  nearly  the  whole  of  its  separable  oxygen. 

Compared  with  blood  from  a  cutaneous  vein,  arterial  blood  is  found  to  contain 
a  very  little  more  water  (about  five  parts  in  1000)  and  to  have  a  somewhat  lower 
specific  gravity.  The  arterial  plasma  yields  more  fibrin  and  coagulates  more 
quickly  ;  the  serum  was  said  by  Lehmann  to  contain  less  albumin  and  less  fat, 
but  more  extractive  and  a  little  more  saline  matter.  Arterial  blood  yields  more 
oxygen  gas,  and  less  of  both  free  and  combined  carbonic  acid. 

Blood  of  t?ie  portal  vein,  compared  with  that  of  the  jugular  vein,  was  stated  by 
Lehmann  to  contain  more  water  in  proportion  to  solid  matter,  less  fibrin  and 
albumin,  more  fat,  extractive  matter  and  salts.  The  pale  corpuscles  are  vastly 
more  numerous  than  in  venous  blood  generally. 

TTie  hloocl  of  the  Jwjjatic  veins,  according  to  Lehmann's  statement,  is  richer  in 
both  red  and  pale  corpuscles,  possibly  from  loss  of  water,  and  the  proportion  of 
pale  corpuscles  to  the  red  is  increased.  The  hepatic  venous  blood,  moreover,  yields 
sugar,  derived  from  glycogen  formed  in  the  liver. 

The  blood  of  the  renal  veins  was  stated  by  Bernard  and  Brown-Sequard  not  to 
coagulate  in  the  normal  state  of  the  kidney  and  its  function  :  on  trial,  however, 
we  find  that  as  regards  coagulation  it  behaves  like  ordinary  venous  blood. 
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In  explaining  the  constitution  of  the  plasma,  •we  have  been  obliged 
so  far  to  anticipate  the  account  of  the  coagulation  of  the  blood.  The 
following  are  the  phenomena  which  usher  in  and  which  accompany 
this  remarkable  change.  Immediately  after  it  is  drawn  the  blood  emits 
a  sort  of  exhalation,  the  "halitus,"  having  a  faint  smell  ;  in  about 
three  or  four  minutes  a  film  appears  on  the  surface,  quickly  spreading 
from  the  circumference  to  the  middle  ;  a  minute  or  two  later  the  part 
of  the  blood  in  contact  with  the  inside  of  the  vessel  becomes  solid, 
then  speedily  the  whole  mass  ;  so  that  in  about  eight  or  nine  minutes 
after  being  drawn,  the  blood  is  completely  gelatinised.  At  about 
fifteen  or  twenty  minutes,  or  it  may  be  much  later,  the  jelly-like  mass 
begins  to  shrink  away  from  the  sides  of  the  vessel,  and  the  serum  to 
exude  from  it.  The  clot  continues  to  contract,  and  the  serum  to  escape 
for  several  hours,  the  rapidity  and  degree  of  "the  contraction  varying 
exceedingly  in  different  cases  ;  and,  if  the  serum  be  poured  off",  more 
will  usually  continue  to  drain  slowly  from  the  clot  for  two  or  three 
days. 

The  nature  of  the  change  which  takes  place  in  the  coagulation  of  the  blood 
has  been  already  spoken  of  :  it  is  essentially  owing  to  the  coagulation  of  the 
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liquor  sangniinis,  tlie  fibrin  being  generated  in  that  liquid  by  the  concurrence  of 
its  two  constituents  ia  the  way  already  explained,  and  separating  ta  form  of  a 
solid  mass,  which  involves  the  corpuscles  but  allows  the  serum  to  escape  from  it 
in  greater  or  less  quantity.  But  although  the  solidification  of  the  fibrin  and 
formation  of  a  red  clot  would  undoubtedly  take  place  independently  of  any 
mechanical  co-operation  on  the  part  of  the  corpuscles,  still  it  must  not  be  for- 
gotten that  the  red  disks  are  not  altogether  tndifi:erent  while  coagulation  goes  on  ; 
for  they  run  together  into  rolls,  as  already  described,  and  the  circumstance  of 
their  doing  so  with  greater  or  with  less  promptitude  materially  affects  the  result 
of  the  coagulating  process.  Thus  there  seems  good  reason  to  believe  that,  as  H. 
!N"asse  pointed  out,  one  of  the  causes — and  in  inflammatory  blood  probably  the 
chief  cause — of  the  production  of  the  buffy  coat,  is  an  exaltation  of  the  natural 
tendency  of  the  red  disks  to  run  together,  whereby  being  more  prom^ptly  and  more 
closely  aggregated  into  compact  masses,  they  more  speedily  subside  through  the 
liquid  plasma,  leaving  the  upper  part  of  it  colourless  by  the  time  coagulation 
sets  in  ;  and  'V^rharton  Jones  has  draT^Ti  attention  to  what  he  conceives  to  be 
another  influential  circumstance  depending  likewise  on  the  corpuscles,  ia  inflam- 
matory blood,  namely,  the  more  rapid  and  close  shrinking  of  the  network,  or 
spongework  as  he  terms  it,  into  which  the  little  rolls  of  corpuscles  unite,  and  the 
consequent  expulsion  of  the  great  part  of  the  liquor  sanguinis  from  its  meshes 
before  the  fibrin  solidifies,  in.  which  case  the  mass  of  aggregated  corpuscles 
naturally  tends  to  the  lower  part  of  the  vessel,  whilst  the  expressed  plasma,  being 
lighter,  accumulates  at  the  top.  Of  course  it  is  not  meant  to  deny  that  more 
tardy  coagulation  of  the  plasma  would  produce  the  same  result  as  more  speedy 
aggregation  of  the  corpuscles  ;  it  is  well  known,  indeed,  that  blood  may  be  made 
to  show  a  buffy  coat'ljy  delaying  its  coagulation,  but  buffed  inflammatory  blood 
is  not  necessarily  slow  ia  coagulating. 

Circumstances  affecting  Coagulation. — Various  causes  accelerate, 
retard,  or  entirely  prevent  the  coagulation  of  the  blood  ;  of  these  it 
will  here  suffice  to  indicate  the  more  important  and  best  ascertained. 

1.  Temperature. — Cold  delays,  and  at  or  below  40  degrees  Fahr. 
wholly  suspends  coagulation  ;  but  even  frozen  blood,  when  thawed 
and  heated  again,  will  coagulate.  Moderate  elevation  of  temperature 
above  that  of  the  body  promotes  coagulation. 

2.  Coagulation  is  accelerated  by  contact  of  the  blood  with  foreign 
matter,  such  as  the  sides  of  the  basin  or  other  vessel  into  which  it  is 
drawn.  On  the  other  hand,  the  maintenance  of  its  fluidity  is  favoured 
by  retention  within  its  vessels  or  natural  receptacles  where  it  is  in 
contact  with  the  natural  tissues  of  the  body  ;  but  when  the  coats  of  the 
vessels  or  other  tissues,  with  which  the  blood  is  contiguous,  lose  their 
vitality  and  are  altered  in  their  properties,  they  become  as  foreign 
bodies,  and  coagulation  is  promoted.  The  usual  exposure  of  drawn 
blood  to  the  air  promotes  coagulation,  but  according  to  Lister,  by  no 
means  so  powerfully  as  was  formerly  believed.  The  effect  of  other  gases 
is  the  same.  Coagulation  speedily  takes  place  when  blood  is  subjected 
to  the  air-pump,  and  has  therefore  been  said  to  occur  readily  in  vacuo, 
but  Lister  finds  that  this  is  owing  to  the  agitation  caused  by  the 
bubbling  of  the  blood  from  the  escape  of  liberated  gases,  whereby  more 
and  more  of  it  is  successively  brought  into  contact  with  the  sides  of 
the  vessel. 

3.  Arrest  of  the  blood's  motion  within  the  tody  is  said  to  favour 
coagulation,  probably  by  arresting  those  perpetual  changes  of  material, 
both  destructive  and  renovative,  to  which  it  is  naturally  subject  in  its 
rapid  course  through  the  system.  The  coagulation  of  the  stagnant 
blood  after  death  is  also  largely  to  be  ascribed  to  the  alteration  then 
ensuing  in  the  coats  of  the  containing  vessels.    Lister  found  that,  after 
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death,  blood  remains  longer  fluid  in  the  small  reins  than  in  the  heart 
and  great  vessels  ;  and  even  in  these  the  coagulation  is  usually  slow. 
Agitation  of  exposed  blood  accelerates  coagulation  by  increasing  its  ex- 
posure to  foreign  contact. 

4.  Water,  in  a  proportion  not  exceeding  twice  the  bulk  of  the  blood, 
hastens  coagulation  ;  a  larger  quantity  retards  it.  Blood  also  coagu- 
lates more  speedily  when  the  serum  is  of  low  specific  gravity,  indicative 
of  much  water  in  proportion  to  the  saline  ingredients. 

5.  Almost  every  substance  that  has  been  tried,  except  the  caustic 
alkalies,  when  added  to  the  blood  in  minute  pro-portion,  hastens  its 
coagulation  ;  although  many  of  the  same  substances,  when  mixed  with 
it  in  somewhat  larger  quantity,  have  an  opposite  effect.  The  salts  of 
the  alkalies  and  earths,  added  in  the  proportion  of  two  or  three  per  cent, 
and  upwards,  retard,  and,  when  above  a  certain  quantity,  suspend  or 
prevent  coagulation  ;  but,  though  the  process  be  thus  suspended,  it 
speedily  ensues  on  diluting  the  mixture  with  water.  Caustic  potash  and 
soda  permanently  destroy  the  coagulability  of  the  blood.  Acids  delay 
or  prevent  coagulation. 

6.  Certain  states  of  the  system. — Faintness  occasioned  by  loss  of 
blood  favours  coagulation  ;  states  of  excitement  are  said  to  have,  though 
not  invariably,  the  opposite  effect.  Impeded  aeration  of  the  blood  in 
disease,  or  in  suffocative  modes  of  death,  makes  it  slow  to  coagulate  ; 
probably  from  retention  of  carbonic  acid.  In  cold-blooded  animals, 
with  slow  circulation  and  low  respiration,  the  blood  coagulates  less 
rapidly  than  in  the  warm-blooded  ;  and,  among  the  latter,  the  tendency 
of  the  blood  to  coagulate  is  strongest  in  birds,  which  have  the  greatest 
amount  of  respiration,  and  highest  temperature. 

7.  Coagulation  commences  earlier,  and  is  sooner  completed,  in  arterial 
than  in  venous  blood.  JSl'asse  states  that  women's  blood  begins  to 
coagulate  sooner  than  that  of  the  male  sex. 

In  general,  when  blood  coagulates  quickly,  the  clot  is  more  bulky 
and  less  firm,  and  the  serum  is  less  effectually  expressed  from  it ;  so 
that  causes  which  affect  the  rapidity  of  coagulation,  will  also  occasion 
differences  in  the  proportion  of  the  moist  clot  to  the  exuded  serum. 

There  is  no  sufficient  evidence  of  evolution  of  heat  or  of  disengage- 
ment of  carbonic  acid  from  blood  during  vits  coagulation,  which  some 
have  supposed  to  occur. 

Theory  of  Coagulation. — Although  it  is  certain  that  the  coagulation  of  the 
blood  consists  in  solidification  of  fibrin,  and  although  it  seems  tolerably  "well 
established  that  this  is  the  result  of  the  combination  of  two  primarily  separate 
animal  principles,  it  is  by  no  means  clearly  understood  how  such  combination  and 
solidification  do  not  naturally  take  place  within  the  living  body,  and  how  the 
several  conditions  already  mentioned  as  influencing  the  process  operate  in 
promoting  or  opposing  coagulation. 

According  to  one  view,  which  is  fundamentally  the  same  as  that  entertained 
by  John  Hunter  and  some  other  British  physiologists,  and  which  has  been  advo- 
cated by  Briicke,*  the  blood  has  a  natural  tendency  to  coagulate  ;  or,  if  we  may  use 
the  language  suggested  by  later  researches,  the  para-globulta  and  fibrinogen 
naturally  tend  to  combine  ;  within  the  body  this  tendency  is  held  in  check  by  some 
inhibitory  or  restraining  influence  exercised  by  the  coats  of  the  vessels  and  the 
living  tissues  in  contact  v\dth  the  blood ;  but  when  blood  is  withdrawn  from  its 
natural  receptacles,  or  if  these  lose  their  vitality,  its  intrinsic  disposition  to  coagai- 
late  being  no  longer  opposed,  is  allowed  to  prevail.    At  the  same  time  it  is  not 

*  British  and  Foreign  Medico-Cliirur<?ical  Review,  vol.  xix.     1857. 
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inconsistent  with  this  theory  to  admit  the  positive  efficacy  of  contact  -ndth  foreign 
or  dead  matter  in  promoting  coagulation.  Lister,*  on  the  other  hand,  considers 
that  the  blood  has  no  spontaneous  tendency  to  coagulate,  either  within  or  without 
the  vessels,  but  that  the  coagulation  is  brought  about  in  drawn  blood  by  contact 
with  foreign  matter.  Accepting  the  conclusion  of  Schmidt,  that  para-giobulin 
and  fibrinogen  are  necessary  to  the  evolution  of  fibrin,  he  thinks  that,  if  these 
bodies  unite  in  ordinary  chemical  combination,  the  action  of  foreign  matter  may 
determine  their  union,  as  spongy  platinum  promotes  the  combination  of  oxygen 
and  hydrogen.  He  considers  that  the  lining  vessels  do  not  exert  any  action  to 
jDrevent  coagulation,  but  that  their  peculiarity,  as  distingmshed  from  an  ordinary 
solid,  consists  in  the  remarkable  circumstance  that  their  lining  membrane,  in  a 
state  of  health,  is  wholly  negative  in  its  relation  to  coagulation,  and  does  not 
cause  that  molecular  disturbance,  so  to  speak,  which  is  produced  in  the  blood  by 
all  ordinary  matter.  AMien  the  vessels  lose  then*  peculiar  property  by  death,  or 
become  seriously  altered  by  disease  or  injury,  their  contact  with  the  blood  in- 
duces coagulation  like  that  of  an  extraneous  body.  More  recently,  Schmidtf  has 
himself  come  to  the  conclusion  that  the  union  of  para-globulin  and  fibrinogen  to 
form  fibrin  is  determined  by  the  presence  of  a  third  substance,  which,  however, 
does  not  itself  take  part  in  the  combination  and  which  he  has  consequently 
named  the  fibrin-ferment.  This  substance  he  believes  to  be  not  preformed  in  the 
blood,  but  to  become  formed  immediately  after  the  withdrawal  of  that  fluid  from 
the  body.  Other  substances  also,  according  to  Schmidt,  possess  the  property  of  in- 
ducing the  union  of  para-globulin  and  fibrinogen,  amongst  them  being  the  colouring 
matter  of  the  blood.|  charcoal,  spongy  platinum,  asbestos,  animal  ferments,  &c. ; 
more  especially  those  which  are  able  to  decompose  peroxide  of  hydrogen.  Schmidt 
considers  the  action  of  these  substances  to  be  purely  one  of  contact ;  in  this 
respect  it  will  be  seen  he  has  adopted  Lister's  view.  Finally,  it  may  be  observed, 
that  in  any  attempted  explanation  of  the  coagulation  of  the  blood,  it  is  well  to 
bear  in  mind  that  there  is  a  purely  physical  or  chemical  phenomenon,  which,  as 
suggested  by  Graham,  has  a  certain  analogj^  to  it,  namely  the  change  from  the 
liquid  to  the  insoluble  state  so  easily  induced  in  colloidal  matter  by  slight  external 
causes. 

THE    LYMPH    AND     CHYLE. 

A  transparent  and  nearly  colourless  fluid,  named  "lymph,"  is  con- 
veyed into  the  blood  by  a  set  of  vessels  distinct  from  those  of  the 
sanguiferous  system.  These  vessels,  which  are  named  ''  lymphatics," 
from  the  nature  of  their  contents,  and  "  absorbents,"  on  account  of 
their  reputed  office,  take  their  rise  in  nearly  all  parts  of  the  body,  and, 
after  a  longer  or  shorter  course,  discharge  themselves  into  the  great 
veins  of  the  neck ;  the  greater  number  of  them  previously  joining  into 
a  main  trunk,  named  the  thoracic  duct, — a  long  narrow  vessel  which 
rises  up  in  front  of  the  vertebra,  and  opens  into  the  veins  on  the  left 
side  of  the  neck,  at  the  angle  of  union  of  the  subclavian  and  internal 
jugular ;  whilst  the  remaining  lymphatics  terminate  in  the  correspond- 
ing veins  of  the  right  side.  The  absorbents  of  the  small  intestine 
carry  an  opaque  white  liquid,  named  "chyle,"  which  they  absorb  from 
the  food  as  it  passes  along  the  alimentary  canal ;  and,  on  account  of 
the  milky  aspect  of  their  contents,  they  have  been  called  the  "  lacteal 
vessels."  But  in  thus  distinguishing  these  vessels  by  name,  it  must  be 
remembered,  that  they  differ  from  the  rest  of  the  absorbents  only  in  the 
nature  of  the  matters  which  they  convey ;  and  that  this  difference  holds 

*  On  the  Coagulation  of  the  Blood ;  the  Croonian  Lscture  for  1863. — Proceedings  of  the 
Royal  Society,  vol.  xii.  p.  580. 

4*  Pfliiger's  Archiv.  vi.     1872. 

+  In  connection  with  this  fact,  it  may  be  interesting  to  mention  that,  if  blood  which 
has  been  well  whipped  to  remove  the  fibrin  be  frozen  and  thawed  again  (a  process  by 
which  the  red  corpuscles  become  broken  up),  it  yields  a  further  coagulum. 
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good  only  while  digestion  is  going  on  ;  for  at  other  times  the  lacteals 
contain  a  clear  fluid,  not  to  be  distinguished  from  lymph.  The  lacteals 
enter  the  commencement  of  the  thoracic  duct,  and  the  chyle,  mingling 
with  the  lymph  derived  from  the  lower  part  of  the  body,  is  conveyed 
along  that  canal  into  the  blood.  Both  lacteals  and  lymphatics,  in  pro- 
ceeding to  their  destination,  pass  into  and  out  of  certain  small,  solid, 
and  vascular  bodies,  named  lymphatic  glands,  which  have  a  special 
structure  and  internal  arrangeinent,  as  will  be  afterwards  described  ; 
so  that  both  the  chyle  and  lymph  are  sent  through  these  glands 
before  being  mixed  with  the  blood. 

Thus  much  having  been  explained  to  render  intelligible  what  follows, 
we  may  now  consider  the  lymph  and  the  cliyle,  which,  as  will  be  seen, 
are  intimately  related  to  the  blood. 

The  lymph  may  be  procured  free  from  admixture  of  chyle,  and  in 
quantity  sufficient  for  examination,  from  the  larger  lymphatic  vessels 
of  the  horse  or  ass.  It  may  also  be  obtained  by  opening  the  thoracic 
duct  of  an  animal  that  has  fasted  for  some  time  before  being  killed. 
It  is  a  thin  fluid,  transparent  and  colourless,  or  occasionally  of  a  pale 
yellow  hue  ;  its  taste  is  saline,  its  smell  faint  and  scarcely  perceptible, 
and  its  reaction  alkaline.  Sometimes  the  lymph  has  a  decided  red  tint, 
of  greater  or  less  depth,  which  becomes  brighter  on  exposure  to  the  air. 
This  redness  is  due  to  the  presence  of  coloured  corpuscles,  like  those  of 
the  blood  :  and  it  has  been  sometimes  supposed,  that  such  corpuscles 
exist  naturally  in  the  lymph,  in  greater  or  less  quantity  ;  but  they  are 
more  probably  introduced  into  the  lymphatic  vessels  accidentally.  It 
can,  in  fact,  be  shown,  that  when  an  incision  is  made  into  a  part,  the 
blood  very  readily  enters  the  lymphatics  which  are  laid  open,  and  passes 
along  into  larger  trunks  ;  and  in  this  way  blood  is  conveyed  into  the 
thoracic  duct,  or  any  other  large  vessel,  exposed  as  usual  by  incision 
immediately  after  the  animal  is  killed.  Indeed,  mere  rough  handling 
of  some  organs,  such  as  the  liver  and  spleen,  will  rupture  the  fine  vessels 
and  cause  the  contents  of  the  issuing  lymphatics  speedily  to  become  red 
from  admixture  of  blood. 

The  lymph,  when  examined  with  the  microscope,  is  seen  to  consist  of 
a  clear  liquid,  with  corpuscles  floating  in  it.  These  "  lymph-corpus- 
cles," or  lymph-globules,  agree  entirely  in  their  characters  with  the 
pale  corpuscles  of  the  blood,  which  have  been  already  described 
(page  23).  It  is  alleged  that  some  of  the  lymph  corpuscles  have  a 
yellowish  tint.  Occasionally,  smaller  particles  are  found  in  the  lymph ; 
also,  but  more  rarely,  a  few  oil  globules  of  various  sizes,  as  well  as  red 
blood-corpuscles,  the  presence  of  which  has  just  been  referred  to. 

The  liquid  part  (lymph-plasma)  bears  a  strong  resemblance  in  its 
physical  and  chemical  constitution  to  the  plasma  of  the  blood  ;  and 
accordingly,  lymph  fresh-drawn  from  the  vessels  coagulates  after  a  few 
minutes'  exposure,  and  separates  after  a  time  into  clot  and  serum.  This 
change  is  owing  to  the  combination  of  the  constituents  of  the  fibrin 
contained  in  the  lymph-plasma,  and  in  this  process  most  of  the  cor- 
puscles are  entangled  in  the  coagulum.  The  serum,  like  the  corre- 
sponding part  of  the  blood,  consists  of  watei%  albumin,  extractive 
matters,  fatty  matters  in  very  sparing  quantity  and  salts.  Sugar 
exists  in  small  quantity  in  the  lymph,  and  urea,  in  the  proportion  of 
from  O'Ol  to  0"02  per  cent. ;  leucin  has  also  been  found,  at  least  in  the 
lymphatic  glands. 
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Human  lymph  has  been  obtained  fresh  from  the  living  body  in 
several  instances,  from  lymphatic  vessels,  opened  by  wounds  or  other 
causes.  It  has  been  found  to  agree  in  all  material  points  with  the 
lymph  of  quadrupeds. 

The  chyle  of  man  and  mammiferous  animals  is  an  opaque,  white 
fluid,  like  milk,  with  a  faint  odour  and  saltish  taste,  slightly  alkaline 
or  altogether  neutral  in  its  reaction.  It  has  often  a  decided  red  tint, 
especially  when  taken  from  the  thoracic  duct.  This  colour,  which  is 
heightened  by  exposure  to  air,  is  doubtless  generally  due  to  the  presence 
of  blood-corpuscles,  and  may  be  explained  in  the  same  way  as  the 
occasional  red  colour  of  lymph. 

Like  blood  and  lymph,  both  of  which  fluids  it  greatly  resembles 
in  constitution,  the  chyle  consists  of  a  liquid  holding  small  parti- 
cles in  suspension.  These  particles  are,  1.  Corpuscles,  precisely 
like  the  lymph  and  pale  blood-corpuscles  already  described.  2. 
Molecules,  of  almost  immeasurably  minute  but  remarkably  uniform 
size.  These  abound  in  the  fluid,  and  form  an  opaque  white  molecular 
matter  diffused  in  it,  which  was  named  by  Gulliver  the  molecular  iase 
of  the  chyle.  The  addition  of  ether  instantly  dissolves  this  matter,  and 
renders  the  chyle  nearly,  but  not  quite,  transparent ;  whence  it  may  be 
inferred  that  the  molecules  are  minute  particles  of  fatty  matter,  and  no 
doubt  the  chief  cause  of  the  opacity  and  whiteness  of  the  chyle. 
According  to  the  late  H.  Miiller,  they  are  each  coated  with  a  fine  film  of 
albuminoid  matter.  They  exhibit  the  usual  tremulous  movement  com- 
mon to  the  molecules  of  many  other  substances.  3.  Oil-gloUdes ;  these 
are  of  various  sizes,  but  much  larger  than  the  molecules  above  de- 
scribed, and  are  often  found  in  the  chyle  in  considerable  numbers.  4 
Minute  spherules  (Gulliver),  from  -j^-^^o  to  s-j^  of  an  inch  in  diameter; 
probably  of  an  albuminous  nature,  and  distinguished  from  the  fatty 
molecules  by  their  varying  magnitude  and  their  insolubility  in  ether. 

The  plasma,  or  liquid  part  of  the  chyle,  contains  fibrin,  so  that 
chyle  coagulates  on  being  drawn  from  the  vessels,  and  nearly  all  the 
corpuscles,  with  part  of  the  molecular  base,  are  involved  in  the  clot. 
The  serum  which  remains  resembles  in  composition  the  serum  of 
lymph  ;  the  most  notable  difference  betAveen  them  being  the  larger  pro- 
portion of  fatty  matter  contained  in  the  chyle-serum. 

The  following  analyses  of  lymph  and  chyle  exhibit  the  proportions  of  the 
different  ingredients  ;  but  it  must  be  explained  that  the  amount  of  the  corjiuscles 
cannot  be  separately  given,  the  greater  part  of  them  being  included  in  the  clot 
and  reckoned  as  fibrin.  No.  1  is  the  mean  of  two  analyses,  by  Gubler  and 
Quevenne,  of  human  Ij'mph  taken  during  life  from  the  lymphatics  of  the  thigh  ; 
No.  2  the  mean  of  three  analyses  by  Gmelin  of  IjTnph  from  the  thoracic  duct  of 
horses  after  privation  of  food ;  No.  3,  by  0.  Eees,  of  chyle  from  the  lacteala 
of  an  ass,  after  passing  the  mesenteric  glands. 


I. 

II. 

III. 

Water 

937-32 

939-70 

902-37 

Fibrin 

0-695 

10-60 

3-70 

Albumin    . 

42-775 

38-83 

3.0-16 

Fat    . 

6-51 

a  little 

36-01 

Extractive  matter 
Salts . 

5-05  ) 
7-75  J 

10-87 

22-76 

1000-  1000-  100("- 
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The  extractive  matters  of  the  chyle  and  lymph  probably  vary  with  the  nature 
of  the  food  :  they  generally  contain  sugar  and  urea  in  appreciable  quantities. 

The  gas  obtainable  from  lymph  consists  almost  entirely  of  carbonic  acid.  From 
human  lymph  Hensen  obtained  70  per  cent,  by  volume,  whilst  in  lymph  from  the 
dog,  Ludwig  and  Hammarsten  were  unable  to  obtain  more  than  about  iO  per  cent, 

FORMATION     OF     THE     CORPUSCLES    OF    THE     LYMPH    AND     CHYLE. 

The  lymph-plasma  appears  to  consist  fundamentally  of  blood-plasma,  which, 
having  exuded  from  the  capUlary  blood-vessels  and  yielded  nutritive  material  to 
the  tissues,  is,  with  more  or  less  admixture  of  waste  products,  retui-ned  by  the 
lymphatics.  Pale  blood-corpuscles  also,  which  have  migrated  from  the  vessels, 
may  find  their  way  into  the  beginning  of  the  lymphatics.  In  this  way  the 
presence  of  corpuscles  in  the  lymph  even  before  it  has  jpassed  through  the 
lymphatic  glands  is  accounted  for.  As  to  the  further  origin  of  the  lymph  and 
chyle  corpuscles,  it  may,  in  the  first  place,  be  observed  that  the  greatly  increased 
proportion  of  these  bodies  in  the  vessels  which  issue  from  the  lymi^hatic  glands, 
and  the  vast  store  of  corpuscles  having  the  same  characters  contained  in  the 
interior  recesses  of  these  glands,  are  unmistakeable  indications  that  the  glands 
are  at  least  a  principal  seat  of  their  production.  They  are,  most  probably,  pro- 
duced by  division  of  parent  corpuscles  or  cells  contained  in  the  glands,  and  in 
some  measure  also  by  further  division  of  corpuscles  thus  produced,  after  they 
have  made  their  way  into  the  lymphatic  vessels.  The  corpuscles  found  sparingly 
both  in  chyle  and  lymph  before  passing  the  mesenteric  glands  may  be  in  part 
formed  in  the  agminated  and  solitary  follicular  glands  of  the  intestine — which, 
though  differing  much  in  form,  yet  in  essential  structure  have  much  in  common 
with  the  lymphatic  glands — and  may  come  partly  also  from  the  tracts  of 
lymphoid  tissue,  which  exist  in  the  intestinal  mucous  membrane.  Lymph- 
corpuscles  are  probably  also  produced  in  the  spleen  and  in  the  thymus  gland  ; 
they  may  also  be  formed  by  proliferation  of  connective  tissue  corpuscles,  or  even 
of  the  flattened  cells  of  which  the  commencing  lymphatic  vessels  are  composed. 

FORMATION     OF    THE     BLOOD-CORPUSCLES. 

In  the  embryo  of  batrachians. — In  the  early  embryo  of  the  frog  and 
newt  (in  which,  perhaps,  the  steps  of  the  process  are  best  ascertained),  at  the 
time  when  the  circulation  of  the  blood  commences,  the  corpuscles  in  that  fluid 
appear  as  rounded  cells,  filled  with  granular  matter,  and  of  larger  average  size 
than  the  future  blood-corpuscles.  The  bodies  in  question,  although  spoken  of  as 
cells  and  presenting  a  regularly  defined  outline,  have  no  separable  envelope. 
They  contain,  concealed  in  the  midst  of  the  granular  mass,  a  pellucid  globular 
nucleus,  which  usually  presents  one  or  two  small  clear  specks,  situated  eccentri- 
cally. The  granular  contents  consist  partly  of  fine  molecules,  exhibiting  the 
usual  molecular  movements  ;  and  partly  of  little  angular  plates,  or  tablets,  of  a 
solid  substance,  probably  of  a  fatty  nature.  After  a  few  days,  most  of  the  cells 
have  assumed  an  oval  figure,  and  are  somewhat  reduced  in  size  ;  and  the  granular 
matter  is  greatly  diminished  in  quantity,  so  that  the  nucleus  is  conspicuous. 
Now,  also,  the  blood-corpuscles,  previously  colourless,  have  acquired  a  yellowish 
or  faintly  red  colour.  In  a  further  stage,  the  already  oval  cell  is  flattened,  the 
granules  entirely  disappear,  the  colour  is  more  decided,  and,  in  short,  the  blood- 
corpuscle  acquires  its  pennanent  characters.  From  this  description  it  will  be 
seen  that  the  blood-cells  Vv^hich  first  appear  agree  in  nature  with  the  embryonic 
cells  (described  at  page  8),  and  they  are,  in  all  probability,  produced  by  the 
process  of  segmentation.  The  different  parts  of  the  embryo  in  its  early  condition, 
the  heart,  for  example,  are  for  a  time  entirely  composed  of  cells  of  the  same  kind, 
and  all  have  probably  a  common  origin. 

It  is  possible  that  some,  at  least,  of  the  red  corpuscles  of  batrachians,  originate 
in  a  similar  manner  (endogenously)  to  that  immediately  to  be  described  in  the 
bird  and  in  mammalia,  for  developing  blood-vessels  of  the  tadpole's  tail  have  been 
observed  to  contain  blood-corpuscles  before  the  establishment  of  a  communication 
with  the  rest  of  the  vascular  system  (Strieker), 
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In  the  bird. — In  the  egg  of  the  bird,  the  first  appearance  of  blood-corpuscles, 
as  well  as  of  blood-vessels,  is  seen  in  the  blastoderma,  or  germinal  membrane,  a 
structure  formed  by  the  extension  of  the  cicatricula,  in  the  early  stages  of  incu- 
bation. The  commencmg  embrj'o,  with  its  simple  tubixlar  heaii},  is  seen  in  the 
middle  of  this  circular  membrane,  and  blood-vessels,  containing  blood-corpuscles, 
appear  over  a  great  part  of  its  area.  These  first  vessels,  therefore,  though  con- 
nected with  the  heart,  and  intended  to  convey  nutriment  to  the  embryo,  are 
formed  in  an  exterior  structure  ;  but,  in  a  somewhat  later  stage,  blood-vessels 
and  corpuscles  are  developed  in  various  textures  and  organs  within  the  body. 
The  formation  of  blood-corpuscles  in  the  middle  layer  of  the  blastoderm  has  been 
recently  carefuUj^  investigated  by  Klein.*  He  describes  the  blood-vessels  of  the 
embryo  chick  as  originating  in  an  endogenous  manner  in  the  interior  of  certain 
of  the  cells  of  the  aniddle  layer  of  the  blastoderm.  It  would  appear,  first,  that 
the  nuclei  of  these  cells  become  multiplied,  and  that  then  the  protoplasm 
around  each  takes  on  a  reddish  colour,  and,  a  cavity  becoming  formed  within  the 
mother-cell  by  the  enlargement  of  a  vacuole,  the  newly-formed,  nucleated,  red 
blood-corpuscles  become  free  within  the  cavity  thus  produced  (fig.  16).  In 
other  instances  the  cavity  be- 
comes first  formed  within  the  Fig.  16 
cell,  which  is  considerably  en- 
larged, and  in  the  protoplasmic 
wall  of  which  nuclei  are  em- 
bedded. From  this  wall,  blood- 
corpuscles,  both  red  and  white, 
bud  forth  into  the  interior  of 
the  vesicle.  The  mother-cells 
send  out  processes  which  connect 
them  with  one  another,  and  into 
these  processes  their  cavities  are 
eventually  extended  :  in  this  way 
asj'stemof  blood-vessels  contain- 
ing blood  is  produced.  According 
to  Balfour  f  it  is  the  nuclei  them- 
selves which  become  the  coloured 
corpuscles,  whilst  the  nucleoli 
within  them  develop  into  the  so- 
called  "nuclei"  of  the  blood- 
coriDuscles. 

It  is  uncertain  whether  any  of 
the  primary  red  corpuscles  are 
formed  by  direct  transformation 
of  embrj'onic  cells,  as  described 

in  the  embiyo  of  Batrachians.     At  the  same  time  they  agree  with  those  cells  in 
exliibiting  amoeboid  movements. 

In  man  and  mammalia. — In  the  embryo  of  man  and  mammalia  the 
primitiA'e  red  blood-corpuscles  are  nucleated  spheroidal  bodies,  of  much  larger 
size  than  the  future  red  disks.  As  to  their  origin  nothing  is  certainly  known  : 
they  are  probably  transformed  embryonic  cells.  These  large  nucleated  red  and 
colourless  coi^puscles,  continuing  to  increase  in  number,  constitute  the  earliest, 
and,  for  a  time,  the  only  corpuscles  in  the  embryo-vessels.  But  their  multiplica- 
tion is  soon  arrested,  and  a  new  epoch  in  blood-formation  begins  with  the 
development  of  the  liver.  The  blood  which  returns  to  the  embiyo  charged  with 
fresh  material  of  nutrition  from  the  maternal  system,  has  then  to  pass,  at  first 
entirely  afterwards  in  great  part,  through  the  vessels  of  the  Liver  ;  and  it  would 
seem  that  henceforth  colourless  nucleated  corpuscles  are  produced  in  that  organ 
and  pom-ed  abundantly  into  the  general  mass  of  blood  by  the  hepatic  veins.  It 
is  probable  that  the  liver  continues  its  heemapoietic  or  blood-forming  fimction 
throughout  foetal  life  ;  but,  in  the  meanwhile,  the  spleen  and  lymphatic  system 


Fig.    16. — Various    Forms    op    Mother-Cells 

UNDERGOING  DEVELOl'IIENT  INTO  BlOOD-VeSSELS 

(from the  middle  layer  of  the  chick's  blastoderm. 
Klein.) 

d,  d,  blood-corpuscles. 


*  Wiener  Sitzungsberichte,  Ixiii,     1871. 
+  Quarterly  Journal  of  Microscopic  Science. 
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have  also  begun  to  produce  pale  corpuscles,  and  in  after  periods  supersede  the 
liver  in  that  office.  These  corpuscles,  either  immediately  or  after  fissiparous 
multiplication,  acquire  colour  like  the  first — those  from  the  liver  and  spleen  pro- 
bably in  great  part  before  they  leave  these  organs — and  are  converted  into 
nucleated  red  cori^uscles.  The  nucleated  red  corpuscles  thus  produced  are 
gradually  converted  into,  or  at  least  succeeded  by,  smaller  disk-shaped  red  cor- 
puscles without  nuclei,  having  all  the  characters  of  the  blood-disks  of  the  adult. 
This  transition  or  substitution  begins  early,  and  proceeds  gradually,  until  at 
leng-th.  long  before  the  end  of  intrauterine  life,  the  nucleated  red  corpuscles 
have  altogether  vanished. 

The  disk-shaped  red  corpuscles  are  produced,  in  part  at  least,  in  the  inteiior  of 
connective  tissue  cells  of  the  developing  mammal  in  a  manner  somewhat  similar 
to  that  described  by  Klein  in  the  cells  of  the  middle  layer  of  the  chick's  blasto- 
derm. The  cell-nuclei,  however,  are  not  involved  in  the  process,  which  seems  to 
be  rather  of  the  nature  of  a  deposit  within  the  cells.  The  blood-corpuscles  which 
are  at  first  spheroidal  eventually  take  on  the  flattened  form  and  become  free 
within  a  cavity  which  is  hoUovred  out  in  the  interior  of  the  cell  ;  the  latter 
becomes  united  with  neighbouring  cells  to  form  the  blood-vessels  of  the  part. 
This  endogenous  mode  of  cell  formation  commonly  ceases  before  birth.* 

Throughout  life  the  mass  of  blood  is  subject  to  continual  change  ;  a  portion 
of  it  is  constantly  expended,  and  its  place  taken  by  a  fresh  supply.  It  is  certain 
that  the  corpuscles  are  not  exempted  from  this  general  change,  but  it  is  not 
known  in  what  manner  they  are  consumed,  nor  has  the  process  been  fully  traced 
by  which  new  ones  are  continually  formed  to  supply  the  place  of  the  old.  With 
regard  to  the  latter  question,  it  may  be  stated,  that  the  explanation  which  has 
hitherto  found  most  favour  with  physiologists  is,  that  the  corpuscles  of  the  chyle 
and  lymph,  passing  into  the  sanguiferous  system,  become  the  pale  corpuscles  of 
the  blood  ;  and  that  these  last  are  converted  into  red  disks.  Pale  corpuscles  are 
also  generated  in  the  spleen,  and,  after  part  of  them  have  changed  into  red  dislcs, 
pass  directly  into  the  blood,  independently  of  those  derived  from  the  chyle  and 
lymph.  A  production  of  blood-corpuscles  is  also  said  to  take  place  in  certain 
cells  of  the  marrow  of  the  bones,  in  which  transitional  forms  to  the  red  corpus- 
cles have  been  observed.  (Neumann,  Bizzozero.)  As  to  the  manner  in  which 
the  pale  corpuscles  are  transformed  into  the  red,  there  is  considerable  difference 
of  opinion.  According  to  one  view  (adopted  by  Paget,  Kolliker,  Funke,  and 
others),  the  pale  corpuscles  gradually  become  flattened,  acquire  coloured  con- 
tents, lose  their  nuclei,  and  shrink  somewhat  in  size,  and  thus  acquire  the 
characters  of  the  red  disks.  "Wharton  Jones,  on  the  other  hand,  arrived  at 
the  conclusion  that,  whilst  in  birds,  reptiles,  and  fishes,  the  pale  or  lymph 
corpuscle,  suffering  merely  some  alteration  of  form  and  contents,  becomes  the 
red  disk,  its  nucleus  alone  is  developed  into  the  red  disk  of  mammalian  blood. 
According  to  this  view  (supported  by  Busk,  Huxley,  and  Gulliver),  while  the  red 
corpuscle  of  oviparous  vertebrata  is  the  transformed  pale  corpuscle — its  develop- 
ment not  proceeding  beyond  this  stage — the  non-nucleated  red  disk  of  men  and 
mammalia  is,  on  the  other  hand,  considei'ed  to  be,  not  the  homologue  of  the 
oval  nucleated  red  disk  of  the  oviparous  vertebrata,  but  that  of  its  nucleus. 
It  is  not  within  the  scope  of  this  work  to  enter  uiaon  a  discussion  of  the  relative 
merits  of  these  opinions,  and  the  reader  is  referred  to  physiological  works  for  a 
consideration  of  these  and  other  views  adopted  by  various  authors  upon  the 
point  at  issue. 

EPITHELIAL,  EPIDERMIC,   OR   CUTICULAE,   TISSUE. 

General  nature  and  situation. — It  is  well  known,  that  when  the 
skin  is  blistered,  a  thin,  and  nearly  transparent  membrane,  named  the 
cuticle  or  epidermis,  is  raised  from  its  surface.  In  like  manner,  a 
transparent  film  may  be  raised  from  the  lining  membrane  of  the  mouth, 
similar  in  nature  to  the  epidermis,  although  it  has  in  this  situation 

*  Schafer,  Proceedings  of  the  Royal  Society.     1874. 
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received  the  name  of  "  epithelium  ;"  *  and  under  the  latter  appellation, 
a  coating  of  the  same  kind  exists  on  nearly  all  free  surfaces  of  the 
body.  It  is  true  that  in  many  situations  the  epithelium  cannot  be 
actually  raised  from  the  adjacent  surface  as  a  coherent  membrane,  still 
its  existence  as  a  continuous  coating  can  be  demonstrated  ;  and,  al- 
though in  different  parts  it  presents  important  differences,  its  seTeral 
varieties  are  connected  by  certain  common  characters. 

The  existence  of  a  cuticular  covering  composed  of  cells  has  in  one  form 
or  other  been  demonstrated  in  the  following  situations  :  viz.,  1.  On  the 
surface  of  the  skin.  2.  On  mucous  membranes;  a  class  of  membranes  to 
be  afterwards  described,  which  line  those  internal  cavities  and  passages 
of  the  body  that  open  exteriorly,  viz.,  the  alimentary  canal,  the  lachrymal, 
nasal,  tympanic,  respiratory,  urinary,  and  genital  passages  ;  as  "well  as 
the  various  glandular  recesses  and  ducts  of  glands,  which  open  into 
these  passages  or  upon  the  surface  of  the  skin.  8.  On  the  inner  or  free 
surface  of  serous  membranes,  which  line  the  walls  of  closed  cavities  in 
the  head,  chest,  abdomen,  and  other  parts.  4.  On  the  inner  surface  of 
the  heart,  blood-vessels  and  lymphatics.j 

Structure  in  general. — This  tissue  has  no  vessels,  although  nerves 
have  been  demonstrated  in  it  in  various  situations  ;  apart  from  these, 
however,  it  possesses  a  decidedly  organised  structure.  Wherever  it 
may  exist,  it  is  formed  essentially  of  nucleated  cells  united  together  by 
cohesive  matter,  often  in  too  small  quantity  to  be  apparent.  The  cells, 
where  consisting  of  more  than  one  layer,  in  whatever  way  they  may 
be  produced,  make  their  appearance  first  in  the  deepest  part  of  the 
structure,  where  they  receive  material  for  growth  from  the  blood-vessels 
of  the  subjacent  tissue  ;  then,  usually  undergoing  considerable  changes 
in  size,  figure,  and  consistency,  they  gradually  rise  to  the  surface,  where, 
as  shown  at  least  in  various  important  examples,  they  are  thrown  off 
and  succeeded  by  others  from  beneath.  In  many  situations  the  cells 
form  several  layers,  in  which  they  may  be  seen  in  different  stages  of 
progress,  from  their  first  appearance  to  their  final  desquamation.  The 
layer  or  layers  thus  formed  take  the  shape  of  the  surface  to  which  they 
are  applied,  following  accurately  all  its  eminences,  depressions  and 
inequalities.  Epithelium  when  destroyed  or  cast  off,  is,  for  the  most 
part,  very  readily  regenerated. 

Varieties. — In  accordance  with  the  varied  purposes  which  the  epi- 
thelium is  destined  to  fulfil,  the  cells  of  which  it  is  composed  come  to 
differ  in  different  situations,  in  figure  and  size,  in  their  position  in 
respect  of  each  other,  their  degree  of  mutual  cohesion,  and  in  the 
nature  of  the  matter  they  contain,  as  well  as  in  the  vital  endowments 
which  they  manifest  ;  and,  founded  on  these   modifications  of  its  con- 

*  The  term  "epithelia,"  which  has  passed  into  "epithelium,"  was  introduced  ty 
Ruysch  to  designate  the  cuticular  covering  on  the  red  part  of  the  lips.  The  word 
"epidermis"  he  considered  infippropriate,  as  the  subjacent  surface  is  not  skin  [derma) ; 
but,  as  it  is  beset  with  papillsB,  he  named  the  covering  layer  "  epi-thelia,"  from  eirt  and 
er/Arj,  a  nipple  or  papilla.  The  use  of  the  term  has,  by  a  not  unusual  license,  been  ex- 
tended so  as  to  signify  the  same  kind  of  coating  when  it  spreads  over  non-papillary 
surfaces.  The  word  "endothelium,"  recently  applied  by  some  German  writers  to  dis- 
tinguish what  has  heretofore  been  spoken  of  as  the  epithelium  lining  the  serous  mem- 
branes, and  the  inner  surface  of  blood-vessels  and  lymphatics,  appears  to  me  a  needless 
innovation,  and,  considering  the  literal  meaning  of  the  word,  not  a  haj)py  one. — W.  S. 

f  The  flattened  cells  which  are  enumerated  under  3  and  4,  and  which  have  a  close 
affinity  with  the  ceils  of  the  connective  tissue  to  be  afterwards  described,  may  be  con- 
veniently distinguished  by  the  term  "  epithelioid." 
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stituent  cells,  or,  at  any  rate,  those  forming  the  superficial  layer,  four 
principal  varieties  of  epithelium  have  been  recognised,  as  follows  : — 

1.  The  cells  may  become  flattened  into  plates  or  scales,  and  the 
variety  of  epithelial  tissue  thus  constituted  is  termed  scal/j,  or  tessellated 
{pavement  epithelium  of  German  histologists).  It  might  be  well  to 
employ  the  former  term  when  the  flattened  cells  overlap  at  their  edges 
(as  in  fig.  17),  the  latter  where  the  adjoining  edges  meet ;  in  which 
case  the  lines  of  junction  may  be  even  (as  in  fig.  18),  or  more  or  less 
sinuous,  as  in  various  parts  of  the  lymphatic  system  (fig.  19). 

Fig.  17. 


Pig.   17. — Epitheliuji-Scales  fkoji   the   inside  of    the   Mouth;   maonifibd  260 

DIAMETERS  (Hcnle). 

Fig.  18. — Epithelioid  Cells  from  a  Serous   Membrane   (Peritoneum)  ;   magnified 

410  diameters- 

a,  cell ;  6,  nucleus  ;  c,  nucleoli  (Henle). 

2.  In  a  second  variety  named  columnar  (cylinder-epithelium  of  the 
Germans)  the  cells  assume  a  prismatic  figure,  and  are  set  upright  on 
the  surface  which  they  cover  (fig.  20). 


Fi-.  19. 


Fig.  20. 


Fig.  19. — Epithelioid  Cells  of  Commencing  Lymphatic  ;  magnified  240.  diameters 

(Auerbach). 
Fig.  20. — Columnar  Epithelium  from  intestinal  villus  of  a  Rabbit  ;  magnified  300 

diameters. 
a,  Thick  border  (from  Kolliker). 

3.  The  cells  may  retain  their  primitive  roundness,  or,  being  flattened 
where  they  touch  acquire  a  polyhedral  or  cubical  figure,  in  which  no  one 
dimension  remarkably  predominates  :  in  some  places,  however,  the  cells 
show  a  tendency  to  lengthen  into  columns  and  in  others  to  flatten  into 
tables,  presenting  thus  transitional  forms  between  the  other  varieties. 
This  variety  of  epithelium  has  been  named  splieroklal  and  transitional. 

4.  Lastly  the  cells,  w'hich  in  this  case  are  mostly  prismatic  in  form, 
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bear  on  their  basal  or  free  ends  spontaneously  moving  filaments,  named 
cilia;  on  ■which  accoimt  this  variety  of  epithelium  is  termed  ciliated 
(fig.  21). 


Fitr.  22. 


Fig.  21.— Columnar  Ciliated  Epithelium  Cells  from  the  Human  Nasal  Membrane; 

MAGNIFIES    300  diameters. 

Fig.   22.  —  Diagram  of   Section   of   Stratified  Epithelium,  in  which  the  under- 
most  CELLS   ARE   OBLONG   AND   VERTICAL. 

When  the  cells  of  an  epithelium  are  arranged  in  several  superimposed 
layers  instead  of  being  in  a  simple  layer,  \t  is  termed  stratified :    in 

Fig.  23. 
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Fig.    23. — ^JiPITHELIUM    OF    CONJUNCTIVA    OF    CaLF. 

1,  2,  3,  4,  5,  progressive  flattening  of  the  cells  as  they  rise  to  the  surface.  The  out- 
line figures  represent  single  cells  from  different  depths,  viewed  on  their  surface  ;  and  at 
4'  and  5',  edgeways.     Magnified  410  diameters  (cliiefly  after  Henle). 

these  cases  it  is  commonly  found  that  the  lowermost  layer  is  columnar 
in  shape,  and  the  uppermost  scaly  ;  the  intermediate  strata  presenting 
transitions  between  these  forms  (figs.  22,  23). 

The  first  three  of  the  varieties  here  enumerated  present  local  pecu- 
liarities which  make  it  convenient  to  describe  them  with  the  tissues  or 
organs  with  which  they  are  associated.  The  ciliated  epithelium,  on  the 
other  hand,  being  of  nearly  uniform  character  as  regards  situation, 
vital  properties  and  functional  activity,  can  be  most  conveniently  treated 
of  under  one  general  head,  and  wiU  therefore  be  considered  here. 

It  may  first  be  remarked,  however,  that  amidst  these  changes  the 
nucleus  of  the  cell  undergoes  little  alteration,  and  its  characters  are 
accordingly  remarkably  uniform  throughout  (see  figs.).  It  is  round  or 
oval,  and  more  or  less  flattened  ;  its  diameter  measures  from  g-oVut^^  ^^ 
T-^oo^li  of  an  inch,  or  more.     Its  substance  is  insoluble  in  acetic  acid, 
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clear  and  colourless.  It  usually  contains  one  or  two  nucleoli,  distin- 
guished by  their  strong  dark  outline  ;  and  a  variable  number  of  more 
faintly  marked  granules  irregularly  scattered.  For  the  most  part,  the 
nucleus  is  persistent,  but  in  some  cases  it  disappears  from  the  cell. 

CILIATED    EPITHELIUM. 

In  this  form  of  epithelium,  the  particles,  which  are  generally  co- 
lumnar, bear  at  their  free  extremities  little  hair-like  processes,  which 
are  agitated  incessantly  during  life,  and  for  some  time  after  death,  with 
a  lashing  or  vibrating  motion.  These  minute  and  delicate  moving 
organs  are  named  cilia.  They  have  now  been  discovered  to  exist  very 
extensively  throughout  the  animal  kingdom  ;  and  the  movements  which 
they  produce  are  subservient  to  very  varied  purposes  in  the  animal 
economy. 

Distrilsution  and  nse. — In  the  human  6ody  ciliated  epithelium 
occurs  in  the  following  parts,  viz. : — 1.  On  the  mucous  membrane  of 
the  air  passages  and  its  prolongations.  It  commences  at  a  little 
distance  within  the  nostrils,  covers  the  membrane  of  the  nose  (except 
the  proper  olfactory  part)  and  of  the  adjoining  bony  sinuses,  and 
extends  up  into  the  nasal  duct  and  lachrymal  sac.  From  the  nose 
it  spreads  backwards  a  certain  way  on  the  upper  surface  of  the  soft 
palate,  and  over  the  upper  or  nasal  region  of  the  pharynx ;  thence 
along  the  Eustachian  tube  and  lining  membrane  of  the  tympanum,  of 
which  it  covers  the  greater  part.  The  lower  part  of  the  pharynx  is 
covered  by  scaly  epithelium  as  already  mentioned;  but  the  ciliated 
epithelium  begins  again  in  the  larynx  a  little  above  the  glottis,  and 
continues  throughout  the  trachea  and  the  bronchial  tubes  in  the  lungs 
to  their  smallest  ramifications.  2.  On  the  mucous  lining  and  in  the 
glands  of  the  uterus,  commencing  at  the  middle  of  the  cervix  and 
extending  along  the  Fallopian  tubes,  even  to  the  peritoneal  surface  of 
the  latter  at  their  fimbriated  extremities.  3.  Ijmmg  i\\Q  vasa  efferentia, 
coni  vasculosi,  and  first  part  of  the  excretory  duct  of  the  testicle.  4. 
To  some  extent  on  the  parietes  of  the  ventricles  of  the  brain,  and 
throughout  the  central  canal  of  the  sjDinal  cord.  5.  In  the  excretory 
ducts  of  certain  small  racemose  glands  of  various  parts  (tongue, 
pharynx,  &c.). 

In  other  mammiferous  animals,  as  far  as  examined,  cilia  have  been 
found  in  nearly  the  same  parts.  To  see  them  in  motion,  a  portion  of 
ciliated  mucous  membrane  may  be  taken  from  the  body  of  a  recently 
killed  quadruped.  The  piece  of  membrane  is  to  be  folded  with  its  free 
or  ciliated  surface  outwards,  placed  on  a  slip  of  glass,  with  a  little  weak 
salt  water  or  serum  of  blood,  and  covered  with  thin  glass.  When  it  is 
now  viewed  with  a  magnifying  power  of  200  diameters  or  upwards,  a 
very  obvious  agitation  will  be  perceived  on  the  edge  of  the  fold ;  this 
appearance  is  caused  by  the  moving  cilia,  with  which  the  surface  of  the 
membrane  is  covered.  Being  set  close  together,  and  moving  simulta- 
neously or  in  quick  succession,  the  cilia,  when  in  brisk  action,  give  rise 
to  the  appearance  of  a  bright  transparent  fringe  along  the  fold  of  the 
membrane,  agitated  by  such  a  rapid  and  incessant  motion,  that  the 
single  threads  which  compose  it  cannot  be  perceived.  The  motion 
here' meant,  is  that  of  the  cilia  themselves ;  but  they  also  set  in  motion 
the  adjoining  fluid,  driving  it  along  the  ciliated  surface,  as  is  indicated 
by  the  agitation  of  any  little  particles  that  may  accidentally  float  in  it. 
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The  fact  of  the  conveyance  of  fluids  and  other  matters  along  the  ciliated 
surface,  as  well  as  the  direction  in  which  they  are  impelled,  may  also  be 
made  manifest  by  immersing  the  membrane  in  fluid,  and  dropping  on 
it  some  finely  pulverised  substance  (such  as  charcoal  in  fine  powder), 
which  Avill  be  slowly  but  steadily  carried  along  in  a  constant  and  deter- 
minate direction ;  and  this  may  be  seen  with  the  naked  eye,  or  with  the 
aid  of  a  lens  of  low  power. 

The  ciliary  motion  of  the  human  mucous  membrane  is  beautifully 
seen  on  the  surface  of  recently  extracted  nasal  polypi  ;  and  single 
ciliated  particles,  with  their  cilia  still  in  motion,  are  sometimes  sepa- 
rated accidentally  from  mucous  surfaces  in  the  living  body,  and  may  be 
discovered  in  the  discharged  mucus  ;  or  they  may  even  be  purposely 
detached  by  gentle  abrasion.  But  the  extent  and  limits  of  the  ciliated 
epithelium  of  the  human  body  have  been  determined  chiefly  from  its 
anatomical  characters. 

Cilia  have  now  been  shown  to  exist  in  almost  every  class  of  animals, 
from  the  highest  to  the  lowest.  The  immediate  purpose  which  they 
serve  is,  to  impel  matter,  generally  more  or  less  fluid,  along  the  surfaces 
on  which  they  are  attached  ;  or,  to  propel  through  a  liquid  medium  the 
ciliated  bodies  of  minute  animals,  or  other  small  objects  on  the  surface 
of  which,  cilia  are  present ;  as  is  the  case  with  many  infusorial  animal- 
cules, in  which  the  cilia  serve  as  organs  of  locomotion  like  the  fins  of 
larger  aquatic  animals,  and  as  happens,  too,  in  the  ova  of  many  verte- 
brate as  well  as  invertebrate  animals,  where  the  yelk  revolves  in  its 
surrounding  fluid  by  the  aid  of  cilia  on  its  surface.  In  many  of  the 
lower  tribes  of  aquatic  animals,  the  cilia  acquire  a  high  degree  of 
importance :  producing  the  flow  of  water  over  the  surface  of  their 
organs  of  respiration,  indis- 
pensable to  the  exercise  of  that 
function ;  enabling  the  animals 
to  seize  their  prey,  or  swallow 
their  food,  and  performing 
various  other  offices  of  greater 
or  less  importance  in  their 
economy.  In  man,  and  the 
warm-blooded  animals,  their 
use  is  apparently  to  impel 
secreted  fluids  or  other  mat- 
ters along  the  ciliated  surface, 
as,  for  example,  the  mucus  of 
the  windpipe  and  nasal  sinus- 
es, which  they  carry  towards 
the  outlet  of  these  cavities. 

Structure. — The  cells  of 
the  ciliated  epithelium  (fig. 
24)  contain  clear  oval  nu- 
clei ;  their  protoplasm  is 
commonly  granular,  but  the 
free  border  of  the  cell  from 
"which  the  cilia  appear  to  spring 
presents  a  bright  appearance 
(fig.  21).  They  have  most 
generally   an    elongated   form, 


Fig.  24. 


Fig.  24. — Ciliated  Epithelium  Cells  from 
Trachea  op  Cat  ;  magnified  about  600 
DIAMETERS  (Klein). 

like  the  particles    of    the    columnar 
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epithelium,  which  they  resemble  too  in  arrangement,  but  are 
often  of  g-reater  length  and  more  slender  and  pointed  at  their  lower 
end,  which  is  commonly  branched.  The  cilia  are  attached  to  their 
broad  or  superficial  end,  each  columnar  particle  bearing  a  tuft  of 
these  minute  hair-like  processes.  In  some  cases,  the  cells  are 
spheroidal  in  figure,  tlie  cilia  being  still,  of  course,  confined  to  that 
portion  of  the  cell  which  forms  part  of  the  general  surface  of  the 
epithelial  layer,  as  shown  in  fig.  25,  whichre  presents  such  cells  from 
the  epithelium  of  the  frog's  mouth.  In  man 
Fig.  25.  this  form  occurs  in  the  ciliated  epithelium  of 

the  cerebral  ventricles  and  tympanum,  where 
the  cells  form  but  a  single  stratum.  The  co- 
lumnar ciliated  epithelium  also  may  exist  as  a 
simple  layer,  as  in  the  uterus  and  Fallopian 
tubes,  the  finest  ramifications  of  the  bronchia, 
and  the  central  canal  of  the  spinal  cord  ;  but 
in  various  other  parts — as  the  nose,  pharynx, 
Eustachian  tube,  the  trachea  and  its  larger  divi- 
Fij.  25. —Spheroidal  sions — there  is  a  layer  of  elongated  cells  beneath 
Ciliated  Cells    from     ^^j^g  superficial  ciliated  range,    filling  up   the 

THE     Mouth     op     the  \     ,  ,■,  •    j.  j"     j.         -j.-  e  i-\ 

Frog  •  magnified  300     spaces  between  the  pointed  extremities  or  the 

diameters.  ^  latter,  and  beneath  this  is  an  undermost  layer, 

formed  of  small  rounded   cells.     Probably  the 

subjacent  cells  acquire  cilia,  and  take  the  place  of  ciliated  cells,  which 

are  cast  off;  but  the  mode  of  renovation  of  ciHated  epithelium  is  not 

yet  fully  understood. 

The  relation  of  the  ciliated,  as  well  as  other  epithelium-cells,  to  the  connective 
tissue  of  the  subjacent  membrane,  has  much  engaged  attention  since  the 
importance  of  the  connective-tissue-corpuscles  has  come  to  be  recognised  ;  and 
a  strong  impression  or  belief  prevails  that  such  epithelium-cells  are  structurally 
connected  by  prolongations  from  their  lower  ends  with  these  coi-puscles,  and 
genetically  related  to  them.  As  a  matter  of  observation,  such  anatomical  con- 
nection is  affirmed  in  reference  to  the  columnar  ciliated  epithelium  of  the  central 
canal  of  the  spinal  cord  and  the  Sylvian  aqueduct,  (Lockhart  Clarke,  Geiiach). 

The  cilia  themselves  differ  widely  in  size  in  different  animals,  and 
they  are  not  equal  in  all  parts  of  the  same  animal.  In  the  human 
windpipe  they  measure  ^^^q ^-th  to  g^oo^h  of  an  inch  in  length  ;  but  in 
many  invertebrate  animals,  especially  such  as  live  in  salt  water,  they 
are  a  great  deal  larger.  In  figure  they  have  the  aspect  of  slender, 
conical,  or  slightly  flattened  filaments  ;  broader  at  the  base,  and  usually 
pointed  at  their  free  extremity.  Their  substance  is  transparent,  soft, 
and  flexible.  It  is  to  all  appearance  homogeneous,  and  no  fibres,  gran- 
ules, or  other  indications  of  definite  internal  structure,  have  been  satis- 
factorily demonstrated  in  it. 

Motion  of  the  cilia. — The  manner  in  which  the  cilia  move,  is  best 
seen  when  they  are  not  acting  very  briskly.  Most  generally  they  seem  to 
execute  a  sort  of  fanning  or  lashing  movement ;  and  when  a  number  of 
them  perform  this  motion  in  regular  succession,  as  is  generally  the  case, 
they  give  rise  to  the  appearance  of  a  series  of  waves  travelling  along 
the  range  of  cilia,  like  the  waves  caused  by  the  wind  in  a  field  of  corn. 
When  they  are  in  very  rapid  action  the  undulation  is  less  obvious,  and, 
as  Henle  remarks,  their  motion  then  conveys  the  idea  of  swiftly  running 
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water.  The  undulating  moyement  may  be  beautifully  seen  on  the  gills 
of  a  mussel.  The  undulations,  with  some  exceptions,  seem  always  to 
travel  in  the  same  direction  on  the  same  parts.  The  impulsion,  also, 
which  the  cilia  communicate  to  the  fluids  or  other  matters  in  contact 
with  them,  maintains  a  constant  direction  ;  unless  in  certain  of  the 
infusoria,  in  which  the  motion  is  often  variable  and  arbitrary  in  direc- 
tion, and  has  even  been  supposed  to  be  voluntary.  Thus  in  the  wind- 
pipe of  mammalia,  the  mucus  is  conveyed  upwards  towards  the  larynx, 
and,  if  a  portion  of  the  membrane  be  detached,  matters  will  still  be 
conveyed  along  the  surface  of  the  separated  fragment  in  the  same 
direction  relatively  to  that  surface,  as  before  its  separation. 

The  persistence  of  the  ciliary  motion  for  some  time  after  death,  and 
the  regularity  with  which  it  goes  on  in  parts  separated  from  the  rest  of 
the  body,  sufficiently  prove  that,  with  the  possible  exceptions  alluded 
to,  it  is  not  under  the  influence  of  the  will  of  the  animal  nor  dependent 
for  its  production  on  the  nervous  centres,  and  it  does  not  appear  to  be 
influenced  in  any  way  by  stimulation  or  sudden  destruction  of  these 
centres.  The  time  which  it  continues  after  death  or  separation  differs 
in  different  kinds  of  animals,  and  is  also  materially  influenced  by  tem- 
perature and  by  the  nature  of  the  fluid  in  contact  with  the  surface.  In 
warm-blooded  animals  the  period  varies  from  two  or  three  hours  to  two 
days,  or  even  more  ;  being  longer  in  summer  than  in  the  cold  of  winter. 
In  frogs  the  motion  may  continue  four  or  five  days  after  the  destruction 
of  the  brain  ;  and  it  has  been  seen  in  the  gullet  of  the  tortoise  fifteen 
days  after  decapitation,  continuing  seven  days  after  the  muscles  had 
ceased  to  be  irritable. 

With  the  view  of  throwing  further  light  on  the  nature  of  this 
remarkable  kind  of  motion,  experiments  have  been  made  to  ascertain 
the  effect  produced  on  it  by  different  physical,  chemical,  and  medicinal 
agents  ;  but,  so  far  as  these  experiments  have  gone,  it  would  seem  that, 
with  the  exception  of  moderate  heat  and  cold,  alkaline  solutions,  chlo- 
roform vapour,  and  perhaps  some  other  narcotics,  these  agents  affect 
the  action  of  the  cilia  only  m  so  far  as  they  act  destructively  on  their 
tissue. 

The  effect  of  change  of  temperatiu'e  is  different  in  wami  and  in  cold-blooded 
animals.  In  the  former  the  motion  is  stopped  by  a  cold  of  4S°  F.,  whereas  in  the 
frog  and  river-mussel  it  goes  on  unimpaired  at  32°  F.  E.  H.  Weber  made  the 
interesting  observation  that,  in  ciliated  epithelium  pai-ticles  detached  from  the 
human  nasal  membrane,  the  motion  which  has  become  languid  or  quiescent 
from  the  cold  may  be  revived  by  wannth,  such  as  that  of  the  breath,  and  this 
several  times  in  succession.  A  moderately  elevated  temi^eratiu-e,  say  100°  F.,  does 
not  affect  the  motion  in  cold-blooded  animals  ;  but,  of  course,  a  heat  considerably 
higher  than  this  and  such  as  to  alter  the  tissue,  would  put  an  end  to  it  in  all 
cases.  Electric  shocks,  unless  they  cause  abrasion  of  the  ciliated  surface  (which 
is  sometimes  the  case),  produce  no  visible  effect ;  and  the  same  is  true  of 
galvanic  cruTents.  Fresh  water  arrests  the  motion  in  marine  moUusca  and  in 
other  salt-water  animals ;  but  it  evidently  acts  by  destroying  both  the  form  and 
substance  of  the  cilia,  which  in  these  cases  ai'e  adapted  to  a  different  medium. 
Most  of  the  common  acid  and  saline  solutions,  when  concentrated,  aiTCst  the 
action  of  the  cilia  instantaneously  in  all  animals  ;  but  dilution  delays  this  effect, 
and  when  earned  farther,  prevents  it  altogether  ;  and  hence  it  is,  probably,  due 
to  a  chemical  alteration  of  the  tissue.  Vhchow  has  observed  that  a  solution  of 
either  potash  or  soda  will  revive  the  movement  of  cilia  after  it  has  ceased.  Nar- 
cotic substances,  such  as  hydrocyanic  acid,  salts  of  moi-phia  and  stiychnia,  opium 
and  belladonna,  are  said  by  Purkinje  and  Valentin  to  have  no  effect,  though  the 
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agent  has  certainly  appeared  to  tis  to  aiTest  the  motion  in  the  river- 

confiiination  of  an  observation  of  Lister,*  -we  find  that  exposui-e 

onoments  to  the  vapour  of  chlorafoi-m  arrests  ciliaiy  action,  and  that 

ni^fc  revives  again  if  the  application  of  the  vapour  is  discontinued. 

Bile  ipops  the  action  of  the  cilia,  whQe  blood  prolongs  it  in  vertebrated  animals ; 

blood  or  serum  of  the  vertebrata  has  quite  an  opposite  effect  on  the  cilia 

vertebrate  animals,  arresting  theu"  motion  almost  instantaneously. 

Whateveit  views  may  be  entertained  concerning  the  nature  and  source 
of  the  power  by  Avhich  the  cilia  act,  it  must  be  borne  in  mind  that  each 
ciliated  cell  is  individually  endowed  with  the  faculty  of  producing 
motion,  and  that  it  possesses  in  itself  whatever  organic  apparatus  and 
whatever  physical  or  vital  property  may  be  necessary  for  that  end ; 
for  single  epithelium  cells  are  seen  to  exhibit  the  phenomenon  long 
after  they  have  been  completely  insulated. 

It  seems  not  unreasonable  to  consider  the  ciliary  motion  as  a  manifestation 
of  that  property  on  which  the  more  conspicuous  motions  of  animals  are  known 
to  depend,  namely,  vital  contractility ;  and  this  view  has  at  least  the  advantage 
of  referring  the  phenomenon  to  the  operation  of  a  vital  property  akeady 
recognised  as  a  source  of  moving  power  in  the  animal  body.  But,  assuming  this 
view  to  be  sound,  so  far  as  regards  the  nature  of  the  motile  property  brought 
into  play,  it  affords  no  explanation  of  the  cause  by  which  the  contractility  is 
excited  and  the  cilia  maintained  in  constant  action. 

It  is  trae  that  nothing  resembling  a  muscular  apparatus  in  the  ordinary  sense 
of  the  term,  has  been  shown  to  be  connected  with  the  cilia,  nor  is  it  necessary  to 
suppose  the  existence  of  any  such ;  for  it  must  be  remembered  that,  while  the 
organic  substance  on  which  vital  contractility  depends  is  probably  uniformly  the 
same  in  composition,  it  does  not  everywhere  assume  the  same  form  and  textui'e. 
The  anatomical  characters  of  human  voluntary  muscle  differ  widely  from  those 
of  most  involuntary  muscular  structures,  and  still  more  from  the  contractile 
tissues  of  some  of  the  lowest  invertebrate  animals,  although  the  movements  must 
in  all  these  cases  be  refen-ed  to  the  same  principle.  The  heart  of  the  embiyo 
beats  while  yet  but  a  mass  of  cells,  united,  to  all  appearance,  by  amoi-phous 
matter,  in  which  no  fibres  are  seen  ;  yet  no  one  would  doubt  that  its  motions 
depend  then  on  the  same  property  as  at  a  later  period,  when  its  structui'e  is  fully 
developed. 

In  its  persistence  after  systemic  death  and  in  parts  separated  from  the  rest  of 
the  body,  the  ciliary  motion  agrees  with  the  motion  of  certain  muscular  organs, 
as  the  heart,  for  example  ;  and  the  agreement  extends  even  to  the  regular  or 
rhythmic  character  of  the  motion  in  these  cii-cumstances.  It  is  true,  the  one 
endui'es  much  longer  than  the  other ;  but  the  difference  appears  to  be  one 
only  of  degree,  for  similar  differences  are  known  to  prevail  among  muscles 
themselves.  No  one,  for  instance,  doubts  that  the  atuicle  of  the  heart  is  mus- 
cular, because  it  beats  longer  after  death  than  the  ventricle  ;  nor,  because  a  frog's 
heart  continues  to  act  a  much  longer  time  than  a  quadi-uped's,  is  it  infen-ed  that 
its  motion  depends  on  a  power  of  a  different  natui-e.  And  the  view  here  taken 
of  the  nature  of  the  ciliary  motion  derives  strength  from  the  consideration  that 
the  phenomenon  lasts  longest  in  cold-blooded  animals,  in.  which  vital  contractility 
also  is  of  longest  endurance.  In  the  effects  of  heat  and  cold,  as  far  as  observed, 
there  is  also  an  agi'eement  between  the  movement  of  cilia  and  that  of  muscular 
parts ;  while,  on  the  other  hand,  it  must  be  allowed  that  electricity  does  not 
appear  to  excite  their  activity.  Thy  effects  of  narcotics  afford  little  room  for 
iuference,  seeing  that  our  knowledge  of  then*  local  action  on  muscular  irritability 
is  by  no  means  exact ;  but  ui  one  instance,  at  least,  an  agent,  chloroform 
vapour,  which  stops  the  action  of  the  freshly  excised  heart  of  a  frog,  an-ests  also 

*  Phil.  Trans.  1858,  p.  690,  where  will  be  found  other  valuable  observations  on  the 
effect  of  external  agents  on  ciliary  action. 
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the  ciliary  motion.  Sometliing.  moreover,  may  depend  on  the  facility  or  difficulty 
with  which  the  tissues  permit  the  narcotic  fluid  to  penetrate,  which  circumstance 
must  needs  influence  the  rapidity  and  extent  of  its  operation.  Again,  we  see 
differences  in  the  mode  in  which  the  cilia  themselves  are  affected  by  the  same 
agent ;  thus,  fresh  water  instantly  arrests  their  motion  in  certain  cases,  While  it 
has  no  such  effect  in  others. 

The  existence  of  vibrating  cUia  on  the  spores  and  other  parts  of  certain  crypto-* 
gamic  vegetables  may  perhaps  be  considered  to  afford  an  argument  on  the 
opposite  side  :  but  it  is  by  no  means  proved  that  the  sensible  motions  of  plants 
'(such,  at  least,  as  are  not  purely  iDhysical),  and  those  of  animals,  do  not  depend 
■on  one  common  vital  property. 


Fig.  26. 


PIGMENT. 

The  cells  of  the  cuticle,  and  of  other  epithelial  structures,  sometimes 
■contain  a  black  or  brown  matter,  which  gives  a  dark  colour  to  the  parts 
over  which  the  cells  are  spread.  A  well-marked  example  of  such 
pigmented  cells  in  the  human  body  is  afforded  by  the  black  coating 
which  lines  the  choroid  membrane  of  the  eye,  and  covers  the  posterior 
surface  of  the  iris.  Pigment  is  also  met  with  in  certain  cells  of  the 
investing  membrane  (pia  mater)  of  the  spinal  cord,  in  the  membranous 
labyrinth  of  the  ear,  and  (with  brownish  yellow  pigment)  on  the  olfactory 
region  of  the  nose. 

The  pigment,  strictly  so  called,  which  is  contained  within  the  cells, 
■consists  of  black  or  brown  granules 
or  molecules  of  a  round  or  oblong 
shape,  and  almost  too  small  for  exact 
measurement.  These  molecules  are 
densely  packed  together  in  some 
cells  ;  in  others  they  are  more  scat- 
tered, and  then  it  may  be  seen  that 
there  is  a  certain  amount  of  colour- 
less matter  included  along  with 
them.  When  they  escape  from  the 
Tuptured  cells,  they  exhibit  very 
strikingly  the  "  Brownian  "  mole- 
cular movement  ;  and  in  conse- 
quence of  this  movement  the  ap- 
parent figure  of  the  particles  is  sub- 
ject to  change.  It  is  worthy  of 
remark,   that    when  viewed  singly 


Fig.  26. — Pig:mented  Epitheliuji  Cells 
FROM  THE  Choroid  ;  magnified  370 
DIAMETERS  (Henle). 

A,  cells  still  cohering,  seen  on  their 
surface  ;  a,  nucleus  indistinctly  seen. 
In  the  other  cells  the  nucleus  is  con- 
cealed hj  the  pigment  granules. 

B,  two  cells  seen  in  profile  ;  a,  the 
outer  or  posterior  part  containing  scarcely 
any  pigment. 


^ith  a  very  high  magnifying  power 

they  look   transparent   and  almost 

colourless,  and  it  is  only  when  they 

are  heaped  together  that  their  blackness   distinctly  appears.     The 

nucleus  is  colourless,  but  is  very  generally  hidden  fi'om  view  by  the 

black  particles. 

The  dark  colour  of  the  negro  is  known  to  have  its  seat  in  the  cuticle, 
and  chiefly  in  the  deeper  and  softer  part  named  the  rete  mucosum.  It 
is  caused  by  dark-brown  colouring  matter  within  the  cells,  either  diffused 
through  their  substance  or  in  form  of  granules — usually  more  densely 
aggregated  round  the  nucleus.  The  dark  parts  of  the  European  skin 
owe  their  colour  and  its  different  shades  to  the  presence  of  pigment 
granules  in  the  cells  in  different  proportions.    Lastly,  it  cannot  be 
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doubted,  that  in  both  the  coloured  and  white  races,  the  colouring  matter 
of  the  skin  is  the  same  in  its  essential  nature 
as  that  of  the  choroid.  In  Albino  individuals^ 
both  negro  and  European,  in  Avhom  the  black 
matter  of  the  choroid  is  wanting,  the  cuticle  and 
the  hair  are  colourless  also. 

In  some  situations  the  pigment  is  met  with 
in  enlarged  and  irregularly  branched  corpuscles 
which  belong  to  the  connective  tissue.  Such  rami- 
fied cells  are  very  common  in  many  animals. 
In  the  human  body  cells  of  this  description  are 
found  in  the  dark  tissue  on  the  outer  surface  of 
the  choroid  coat,  lamina  fusca  (fig.  27,  a  a), 
and  on  the  pia  mater  covering  the  upper  part  of 
the  spinal  cord.  The  condition  of  the  pigment 
in  the  hairs  will  be  afterwards  noticed. 

When  the  cuticle  of  the  negro  is  removed  by 
means  of  a  blister,  it  is  renewed  again  of  its 
original  dark  hue  ;  but  if  the  skin  be  destroyed 
to  any  considerable  depth,  as  by  a  severe  burn,, 
the  resulting  scar  remains  long  white,  though  it 
at  length  acquires  a  dark  colour. 


Fig.  27. — IiAjiiFiED  Ceils, 
fkom  the  tissue  of  the 
Choroid  Coat  of  the 
Eye  ;  magnified  350 
DiAMETEES  (Kolliker). 

a,    cells  with  pigment ; 
i,  colourless  fusiform  cells. 


Composition. — Examined  chemically,  the  black  matter  is  found  to  be  in- 
soluble in  cold  and  hot  water,  alcohol,  ether,  fixed  and  volatile  oils,  acetic  and 
diluted  mineral  acids.  The  pigment  of  the  bullock's  eye,  when  purified  by  boilings 
in  alcohol  and  ether,  was  found  by  Scherer  to  consist  of  58-672  carbon,  .o-962 
hydrogen,  13-768  nitrogen,  and  21-598  oxygen  ;  its  proportion  of  carbon  is  thus 
very  large.  Preceding  chemists  had  obtained  from  its  ashes  oxide  of  iron,, 
chloride  of  sodium,  lime,  and  phosphate  of  lime. 

TJses. — In  the  eye  the  black  matter  seems  obviously  intended  to  absorb  re- 
dundant light,  and  accordingly  its  absence  in  Albinos  is  attended  with  a  difiicultj^ 
of  bearmg  a  light  of  considerable  brightness.  Its  uses  in  other  situations  are  not 
so  apparent.  Tlie  pigment  of  the  cuticle,  it  has  been  supposed,  may  screen  the 
subjacent  cutis  from  the  pungency  of  the  sun's  rays,  but  in  many  animals  the 
pigment  is  not  only  employed  to  variegate  the  surface  of  the  body,  but  attaches 
itself  to  deep-seated  parts.  Tims,  in  the  frog  the  branches  and  twigs  of  the 
blood-vessels  are  speckled  over  with  it,  and  in  many  fish  it  imparts  a  black  colour 
to  the  peritGneu.m  and  other  internal  membranes. 


CONNECTIVE    TISSUE. 

This  substance  consists  of  fibres  of  two  kinds,  more  or  less  amorphous 
matter,  and  peculiar  corpuscles.  By  means  of  its  fibres  it  serves  in  the 
animal  body  as  a  bond  of  connection  of  different  parts ;  also  as  a 
covering  or  investment  to  different  organs,  not  only  protecting  them 
outwardly,  but,  in  many  cases  entering  into  their  structure  and  con- 
necting and  supporting  their  component  parts.  The  corpuscles,  on  the 
other  hand,  are  destined  for  other  than  mechanical  purposes  ;_  they 
appear  to  be  essentially  concerned  in  the  nutrition  and  reparation  of 
tissues. 

Three  principal  modifications  or  varieties  of  connective  tissue  have 
long  been  recognised,  consisting  of  the  same  structural  elements,  but  in 
widely  different  proportions,  and  thereby  exhibiting  a  difference  in  their 
grosser  or  more  obvious  characters  and  physical  properties.     They  are 
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kno^7n  as  the  areolar  (including  the  fat),  the  fihrous,  and  the  elastic 
tissues,  and  will  be  now  severally  treated  of.  Without  disregarding  the 
filliance  of  cartilage  and  bone  to  the  connective  tissues,  we  shall  not, 
in  imitation  of  some  respected  authorities,  include  them  in  the  same 
group  ;  but  there  remam  cercani  forms  of  tissue,  occurring  locally,  or 
met  with  as  constituents  of  other  textures,  which  properly  belong  to 
this  head,  and  will  be  briefly  considered  in  a  separate  section  as  sub- 
ordinate varieties  of  connective  tissue. 

Cartilage  and  bone  are  included  in  the  group  of  connective  tissues  or  connec- 
tive substances  by  several  eminent  G-erman  liistologists,  and  present  undoubted 
j)oints  of  relationship  with  these  tissues,  both  in  their  nature  and  the  general 
purpose  which  they  serve  in  the  animal  frame.  Thus,  yellow  cartilage  shows  an 
unmistakable  transition  to  elastic  connective  tissue,  as  fibro-cartilage  does,  even 
more  decidedly,  to  white  fibrous  tissue.  Moreover,  the  animal  basis  of  bone 
agrees  entirely  in  chemical  composition,  and  in  many  points  of  structure,  with 
the  last-named  tissue.  Still,  when  it  is  considered  that  cartilage,  in  its  typical 
form,  consists  of  a  quite  different  chemical  substance,  chondrin,  and  that  bone  is 
characterised  by  an  impregnation  of  earthy  salts,  it  seems  more  consistent  with 
the  purpose  of  histological  description  to  recognise  cartilage  and  bone  as  inde- 
pendent tissues.  As  to  then:  community  of  origin,  little  stress  need  be  laid  on  it 
as  a  basis  of  classification,  seeing  that  the  origin  of  blood-vessels,  nerves,  and 
muscles,  may  be  traced  up  to  protoplasm-ceUs,  to  all  appearance  similar  to  those 
that  give  rise  to  the  connective  tissues,  and  belonging  to  the  same  embrj^onic 
layer. 

THE  AREOLAR   TISSUE. 

Distribution  and  arrangement. — If  we  make  a  cut  through  the 
skin  and  proceed  to  raise  it  from  the  subjacent  parts,  we  observe 
that  it  is  loosely  connected  to  them  by  a  soft  filamentous  substance, 
of  considerable  tenacity  and  elasticity,  and  having,  when  free  from 
fat,  a  white  fleecy  aspect ;  this  is  the  substance  known  by  the  names 
of  "  cellular,"  "  areolar,"  "  filamentous,"  "  connective,"  and  "  reticular  " 
tissue  ;  it  used  formerly  to  be  commonly  called  "  cellular  mem- 
brane." In  like  manner  the  areolar  tissue  is  found  underneath  the 
serous  and  mucous  membranes  which  are  spread  over  various  internal 
surfaces,  and  serves  to  attach  those  membranes  to  the  parts  which 
they  line  or  invest  ;  and  as  under  the  skin  it  is  named  "  sub- 
cutaneous," so  in  the  last-mentioned  situations  it  is  called  "  sub- 
serous "  and  "  submucous  "  areolar  tissue.  But  on  proceeding  further 
we  find  this  substance  lying  between  the  muscles,  the  blood-vessels,  and 
other  deep-seated  parts,  occupying,  in  short,  the  intervals  between  the 
different  organs  of  the  body  where  they  are  not  otherwise  insulated,  and 
thence  named  "  intermediate  ; "  very  generally,  also,  it  becomes  more 
consistent  and  membranous  immediately  around  these  organs,  and, 
under  the  name  of  the  "  investing  "  areolar  tissue,  affords  each  of  them 
a  special  sheath.  It  thus  forms  inclosing  sheaths  for  the  muscles,  the 
nerves,  the  blood-vessels,  and  other  parts.  Whilst  the  areolar  tissue 
might  thus  be  said  in  some  sense  both  to  connect  and  to  insulate  entire 
organs,  it  also  performs  the  same  office  in  regard  to  the  finer  parts  of 
which  these  organs  are  made  up ;  for  this  end  it  enters  between  the 
fibres  of  the  muscles,  uniting  them  into  bundles  ;  it  connects  the  several 
membranous  layers  of  the  hollow  viscera,  and  binds  together  the  lobes 
and  lobules  of  many  compound  glands  ;  it  also  accompanies  the  vessels 
and  nerves  within  these  organs,  following  their  branches  nearly  to  their 
finest  divisions,  and  affording  them  support  and  protection.    This  portion 
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of  the  areolar  tissue  has  been  named  the  '•  penetrating,"  '•  constituent,'* 
or  "  parenchymal." 

It  thus  appears  that  the  areolar  is  one  of  the  most  general  and  most 
extensively  distributed  of  the  tissues.  It  is,  moreover,  continuous 
throughout  the  body,  and  from  one  region  it  may  be  traced  Tvithout 
interruption  into  any  other,  however  distant ;  a  fact  not  without 
interest  in  practical  medicine,  seeing  that  in  this  way  dropsical  waters, 
air,  blood,  and  urine,  effused  into  the  areolar  tissues,  and  even  the 
matter  of  suppuration,  when  not  confined  in  an  abscess,  may  spread  far 
from  the  spot  where  they  were  first  introduced  or  deposited. 

On  stretching  out  a  portion  of  areolar  tissue  by  drawing  gently  asunder 
the  parts  between  which  it  lies,  it  presents  an  appearance  to  the  naked 
eye  of  a  multitude  of  fine,  soft,  and  somewhat  elastic  threads,  quite  trans-: 
parent  and  colourless,  like  spun  glass  ;  these  are  intermixed  with  fine 
transparent  films,  or  delicate  membranous  lamina,  and  both  threads  and 
laminae  cross  one  another  irregularly  and  in  all  imaginable  directions 
leaving  open  interstices  or  areolse  between  them.  These  meshes  are, 
of  course,  more  apparent  when  the  tissue  is  thus  stretched  out ;  it  is 
plain  also  that  they  are  not  closed  cells,  as  the  term  "  cellular  tissue  " 
might  seem  to  imply,  but  merely  interspaces,  which  open  freely  into  one 
another  :  many  of  them  are  occupied  by  the  fat,  which,  however,  does 
not  lie  loose  in  the  areolar  spaces,  but  is  enclosed  in  its  own  vesicles. 
A  small  quantity  of  colourless  transparent  fluid  is  also  present  in  the 
areolar  tissue,  but,  in  health,  not  more  than  is  sufficient  to  moisten  it. 
This  fluid  is  generally  said  to  be  of  the  nature  of  serum  ;  but  it  is  not 
improbable  that,  unless  when  unduly  increased  in  quantity  or  altered 
in  nature  by  disease,  it  may  resemble  more  the  liquor  sanguinis,  as  is 
the  case  with  the  fluid  of  most  of  the  serous  membranes. 

On  comparing  the  areolar  tissue  of  different  parts,  it  is  observed  in 
some  to  be  more  loose  and  open  in  texture,  in  others  more  dense  and 
close,  according  as  free  movement  or  firm  connection  between  parts 
is  to  be  provided  for.  In  some  situations,  too,  the  laminas  are  more 
numerous  ;  in  others  the  filamentous  structure  predominates,  or  even 
prevails  exclusively  ;  but  it  does  not  seem  necessary  to  designate  these 
yarieties  by  particular  names,  as  is  sometimes  done. 

Fibres. — When  examined  under  the  microscope,  the  areolar  tissue 
is  seen  to  be  principally  made  up  of  exceedingly  fine,  transparent,  and 
apparently  homogeneous  filaments,  fi-om  about  ^-ooo^^h  to  03-0-00^1^  of  an 
inch  in  thickness,  or  even  less  (fig.  28).  These  are  seldom  single,  being 
mostly  united  by  means  of  a  small  and  usually  imperceptible  quantity 
of  a  homogeneous  connecting  substance  into  bundles  and  filamentous 
lamina  of  various  sizes,  which  to  the  naked  eye,  appear  as  simple 
threads  and  films.  Though  the  bundles  may  intersect  in  every  direction, 
the  filaments  of  the  same  bundle  nm  nearly  parallel  to  each  other,  and 
no  one  filament  is  ever  seen  to  divide  into  branches  or  to  unite  with 
another.  The  associated  filaments  take  an  alternate  bending  or  waving 
course  as  they  proceed  along  the  bundle,  but  still  maintain  their  general 
parallehsm.  This  wavy  aspect,  which  is  very  characteristic  of  these 
filaments,  disappears  on  stretching  the  bundle,  but  returns  again  when 
it  is  relaxed. 

The  filaments  just  described,  though  transparent  Avhen  seen  with 
transmitted  light  under  the  microscope,  appear  white  when  col- 
lected in  considerable  quantity  and  seen  with  reflected  light ;  and  they 
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Fig.    2S.  —  Filaments   of   Aeeolae   Tissue,  in  larger 

AND  SMALLER  BUNDLES,  AS  SEEN  UNDER  A  MAGNIFYING 
POWER  OF  400  DIAMETERS. 


not  only  occur  in  the  areolar  tissue  strictly  so  called,  but  form  the  chief 
part  of  the  tendons,  ligaments,  and  other  white  fibrous  co^mective 
tissues.      They  were 

long  supposed  to  be  ^ig-  2S. 

the  only  fibrous  con- 
stituent existing  in 
the  areolar  tissue,  but 
it  is  now  well  known 
that  fibres  of  another 
kind  are  intermixed 
with  them  ;  these 
agree  in  all  characters 
and  are  obviously 
identical  with  the 
fibres  of  the  yellow 
elastic  tissue,  and 
have  accordingly  been 
named  the  yellow  or 
elastic  fibres,  to  dis- 
tinguish them  from 
the  white  or  waved 
filaments  above  de- 
scribed. 

In  certain  portions 
of  the  areolar  tissue, 
as  for  instance  in  that 
which  lies  under  the 

serous  and  mucous  membranes  of  particular  regions,  the  yellow  or  elastic 
fibres  are  abundant  and  large,  so  that  they  cannot  well  be  overlooked  ; 
but  in  other  parts  they 
are  few  in  number,  and 
small,  and  are  then  in  a 
great  measure  hidden  by 
the  white  filaments  ;  in 
such  cases,  however,  they 
can  always  be  rendered 
conspicuous  under  the 
microscope  by  means  of 
acetic  acid,  which  causes 
the  white  filaments  to 
swell  up  and  become  in- 
distinct, whilst  the  elastic 
fibres,  not  being  affected 
by  that  re- agent,  come 
then  more  clearly  into 
view  (fig.  29).  More- 
over, they  resist  the 
action  of  boiling  alka- 
line solutions  of  potash 
and  soda,  of  moderate 
strength,  which  very 
speedily  destroy  the  rest 
of  the  tissue.     Under  the 


Fig.  29. 


Fig.  29.  —  Magnified  Yiew  of  Areolar  Tissue 
(from  different  parts)  treated  with  Acetic 
Acid. 

The  white  filaments  are  no  longer  seen,  and  the 
yellow  or  elastic  fibres  with  the  nnclei  come  into  view. 
At  c,  a  bundle  of  white  fibres,  which  is  swollen  out  by 
the  effect  of  the  acid,  and  presents  a  number  of  con- 
stricting bands  as  described  in  the  text. 
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microscope  the  elastic  fibres  appear  transparent  and  colourless,  with  a 
strong,  well-defined,  dark  outline.  They  are  further  remarkable  for 
their  tendency  to  curl  up,  especially  at  their  broken  ends,  which  gives 
them  a  very  peculiar  aspect ;  and  in  many  parts  of  the  areolar  tissue 
they  divide  into  branches  and  join  or  anastomose  with  one  another, 
in  the  same  manner  as  in  the  pure  elastic  tissue  (a).  They  differ  among 
themselves  very  widely  in  size,  some  being  as  fine  as  the  white  fila- 
ments, others  many  times  larger. 

The  elastic  fibres  lie,  for  the  most  part,  without  order,  among  the  bundles  of 
white  filaments  ;  but  here  and  there  we  see  what  appears  to  be  an  elastic  fibre 
winding  round  one  of  these  bundles,  and  encircling  it  with  several  spiral  turns. 
When  acetic  acid  is  applied,  the  fasciculus  swells  out  between  the  constricting 
turns  of  the  winding  fibre,  and  presents  a  highly  characteristic  appearance  (c). 
This  remarkable  disposition  of  the  elastic  fibres,  which  was  pointed  out  by  Henle, 
is  not  uncommon  in  certain  parts  of  the  areolar  tissue  ;  it  may  be  always  seen 
in  that  which  accompanies  the  arteries  at  the  base  of  the  brain.  It  must  be 
observed,  however,  that  the  encircling  fibre  sometimes  forms  not  a  continuous 
spiral,  but  several  separate  rings  ;  moreover,  the  whole  appearance  may  be 
explained  on  the  supposition  that  the  bundles  in  question  are  naturally  invested 
with  a  delicate  sheath,  which,  like  the  elastic  tissue,  resists  acetic  acid,  but, 
on  the  swelling  up  of  the  bundle  under  the  operation  of  that  agent,  is  rent  into 
shreds  or  segments,  mostly  annular  or  spiral,  which  cause  the  constrictions.  Indeed, 
some  bundles  have  been  shown  to  possess  such  a  sheath,  made  up  of  flattened 

cells   (Eanvier,  Key   and   Retzius). 


Fig.  30. 


Fig.   30. — Oehs    from 
NECTivE    Tissue     of 


SUBCTTTANEOTTS     CoN- 

YouNG    Guinea-pig. 


Magnified  350  diameters. 


Moreover,  the  union  of  branches  of 
the  coi-puscles  (to  be  immediately 
noticed)  around  a  bundle  may,  in 
some  instances,  be  the  cause  of  the 
appearance  (Kolliker). 

A  very  different  view  of  the  struc- 
ture of  areolar  tissue  from  that 
here  stated  was  taken  by  Eeichert, 
and  adopted  by  Virchow.  Donders, 
and  other  distmguished  histologists. 
According  to  this  view  the  apparent 
bundles  consist  of  a  substance  in 
reality  amorphous  or  homogeneous, 
and  its  seeming  fibrillation  is  partly 
artificial,  the  result  of  cleavage,  and 
partly  an  optical  illusion,  arising 
from  creasing  or  folding.  In  point 
of  fact,  however,  the  bundles  readily 
separate  into  fibrils  after  exposure 
to  dilute  solutions  of  chromic  acid, 
or  to  lime-water,  or  to  baryta- water, 
by  which  the  tmiting  matter  is  dis- 
solved ;  so  that  there  can  be  no 
doubt  of  their  truly  fibrillar  struc- 
ture. At  the  same  time  it  is  not 
denied  that  immature  fasciculi  may 
probably  occur,  in  which  the  fibril- 
lation is  incomplete. 


Ground-substance   and 


d,   branched    corpuscle  ;    e,    flattened    cor- 
puscle ;  g,   granular   corpuscle  ;   /,   fibrillated  n\     n 
cell  ;?,/;,  leucocytes  or  migratory  cells.                   Corpuscles. —  ihe    fibrils    are, 

as  before  said,  united  into  the 
small  bundles  and  laminaa  which  are  visible  to  the  naked  eye  by 
means  of  a  variable  amount  of  homogeneous  cementing  matter    or 
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Fig.   31. — Hajiipibd   Connective-tissue  Cor- 
puscles FR03I   Synovial   Membrane.     250 

DIA3IETERS. 


ground-substance,  which  also  covers  the  surface  of  tliC  bundles.  In 
this  substance  lie  the  cellular  elements  of  the  tissue,  the  con- 
nective-tissue  corpuscles  (figs. 
30,  31).  These  bodies,  which 
are  of  a  protoplasmic  nature, 
are  commonly  of  a  flattened 
form  and  not  unfrequently  have 
processes  which  ramify  in  the 
tissue  and  may  anastomose 
with  branches  from  neighbour- 
ing corpuscles  (fig.  31).  The 
cells  have  each  a  clear  round 
or  oval  nucleus,  containing 
one  or  more  nucleoli :  occa- 
sionally two  nuclei  are  to  be 
seen  in  a  cell.  Besides  pre- 
senting considerable  variations 
in  size  and  shape  the  corpus- 
cles also  exhibit  differences  in 
the  character  of  their  proto- 
plasm (see  fig.  30),  which  in 
some  is  coarsely  granular  in 
appearance,  in  others  finely 
granular,  or  even  perfectly  clear 
and  pellucid,  with  a  few  coarse 
granules  scattered  in  it  here 
and  there,  whilst  in  others 
again  there  is  a  distinct  appearance  of  striation  or  fibrillation  within 
the  cell  ;  but  these  differences  have  hardly  as  yet  been  sufficiently 
investigated. 

The  cells  (with  their  pro- 
cesses) occupy  spaces  in  the 
ground  -  substance  which 
they  more  or  less  com- 
pletely fill,  and  which  there- 
fore closely  correspond  to 
the  corpuscles  themselves  in 
size  and  form,  and  in  their 
branching  and  intercommn- 
nication.  These  ceU-spaces 
(Saftcaniilchen,  Reckling- 
hausen) are  brought  into 
view  by  treating  the  tissue 
with  a  solution  of  nitrate  of 
silver  and  subsequently  ex- 
posing it  to  the  light,  by 

which  the  ground-snbstance  and  fibrils  of  the  tissue  are  stained  of 
a  uniform  brown  tint,  whereas  the  protoplasm  of  the  cells  remains 
unstained,  and  the  cell-spaces  consequently  appear  white  (fig.  32).* 

*  In  the  case  of  the  pigment-cells  of  the  frog's  skin  previonsly  noticed  (pp.  12,  13),  it 
is  probable  that  the  clear,  branched  figure  which  remains  after  the  shrinking  of  the  pig- 
mented matter,  is  the  outline  of  the  cell-space,  which  was  previously  filled  by  the  cell- 
substance.     (Sharpey.) 


Viz 


. — Cell-Spaces  of  Suiscutaneous  Con 
nective-tissue.  Nitrate  op  Silver  Prepara- 
tion.     340  diameters. 
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In  some  parts  of  the  tissue,  and  especially  on  the  surface  of  the 
laminse,  patches  of  cells  are  here  and  there  to  be  found  which  present 
an  epithelioid  appearance  in  silver  preparations,  the  cells  being  much 
flattened,  and  joined  edge  to  edge,  with  but  a  small  amount  of 
intercellular  or  ground  substance  between  them,  like  the  layer  on  the 
inner  surface  of  a  serous  membrane.  The  cells  at  the  margin  of  such  a 
patch,  however,  commonly  have  processes  at  their  free  border,  and  every 
transition  is  found  between  these  epithelioid  cells  and  the  ordinary 
branched  and  irregular  cells  of  the  tissue. 

Corpuscles  of  a  fusiform  shape  are  not  so  common  in  the  adult  as 
was  at  one  time  supposed  ;  the  appearance  being  generally  produced  by 
flattened  cells  seen  edgewise. 

The  connective-tissue  corpuscles  are  for  the  most  part  considerably 
larger  than  the  pale  blood-corpuscles  (which  are  also  to  be  found 
in  the  tissue  (fig.  30,  I),  having  probably  escaped  from  the  vessels),  and 
do  not,  like  these,  exhibit  active  movements  of  locomotion,  the  motions 
Avhich  have  been  observed  in  them  consisting  merely  of  slow  protrusion 
and  retraction  of  processes  or  straining  movements  of  the  protoplasm 
composing  them. 

Vessels  and  Herves. — Numerous  Nood-vessels  are  seen  in  the 
areolar  tissue  after  a  minute  injection.  These  for  the  most  part  only 
pass  through  it  on  their  way  to  other  more  vascular  textures,  but  a  few 
seem  to  end  in  capillaries  destined  for  the  tissue  itself,  and  dense 
clusters  of  vessels  are  distributed  to  the  fat-lobules.  Large  lymphatic 
vessels  proceeding  to  distant  parts  also  pass  along  this  texture,  and 
abundant  lymphatic  networks  may  be  discovered  in  many  parts  of 
the  subcutaneous,  subserous,  and  submucous  areolar  tissue,  having 
evident  relation  to  the  function  of  the  membranes  under  which  they 
lie.  A  close  connection  subsists  between  the  cells  of  the  areolar  tissue 
and  the  commencements  of  the  lymphatics  ;  for  the  flattened  cells  which 
form  the  walls  of  the  latter  vessels  are  in  contact  with,  and  pass  into, 
the  connective-tissue  corpuscles  of  the  tissue  in  which  they  lie.  In 
this  manner  the  cell-spaces  of  the  connective  tissue  are  brought  into 
intimate  relation  with  the  lymphatics,  and  the  latter  vessels  may,  in  a 
certain  sense,  be  described  as  originating  in  the  net-work  of  cell-spaces 
"which  the  tissue  commonly  contains.  Absorption  readily  takes  place 
from  the  interstices  of  the  texture,  but  that  process  may  be  effected 
through  the  agency  of  blood-vessels  as  well  as  of  lymphatics. 

Larger  and  smaller  branches  of  nerves  also  traverse  this  tissue  on 
their  way  to  other  parts  ;  but  it  has  not  been  shown  that  any  remain 
in  it,  and  accordingly  it  may  be  cut  in  a  living  animal  apparently  with- 
out giving  pain,  except  when  the  instrument  meets  with  any  of  these 
traversing  branches.  It  is  not  improbable,  however,  that  nerves  end 
in  those  parts  of  the  areolar  tissue,  which,  like  that  of  the  scrotum, 
contain  contractile  fibres  ;  but,  if  present  in  such  cases,  the  nerves,  like 
the  vessels  of  the  fat,  are,  after  all,  destined  not  to  the  areolar  tissue 
but  to  another  mixed  with  it. 

Composition  and  Properties. — The  areolar  tissue  contains  a  con- 
siderable quantity  of  water,  and  consequently  loses  much  of  its  weight 
by  drying.  It  is  almost  wholly  resolved  into  gelatin  by  boiling  in 
water.  Acetic  acid  causes  it,  that  is,  the  bundles  of  white  fibrils,  to 
swell  up  into  a  soft,  transparent,  jelly-like  mass  ;  but  the  original 
condition  may  be  restored  by  a  solution  of  an  alkaline  carbonate. 
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The  physical  properties  of  this  texture  ]:iave  been  suilciently  indicated 
in  tlie  foregoing  description  ;  also  its  want  of  sensibility.  The  vital 
contractility  ascribed  to  certain  portions  of  it  is  most  probably  due  to 
the  presence  of  muscular  tissue. 

Kegeneration. — With  the  exception  of  the  epithelium,  no  tissue 
is  so  readily  regenerated  as  the  areolar.  It  is  formed  in  the  healing 
of  wounds  and  in  the  adhesion  of  inflamed  surfaces.  It  is  produced 
also  in  many  morbid  growths. 

ADIPOSE    TISSUE. 

The  human  body  in  the  healthy  state  contains  a  considerable  amount 
of  fatty  matter  of  "diflferent  kinds.  Fat,  as  has  been  already  stated,  i& 
found  in  the  blood  and  chyle,  and  in  the  lymph,  but  much  more 
sparingly.  It  exists,  too,  in  several  of  the  secretions,  in  some  consti- 
tuting the  chief  ingredient  ;  and  in  one  or  other  of  its  modifications  it 
enters  into  the  composition  of  certain  solid  textures.  But  by  far 
the  greater  part  of  the  fat  of  the  body  is  inclosed  in  small  cells  or 
vesicles,  which,  together  with  their  contained  matter,  constitute  the 
adipose  tissue. 

Distribution. — This  tissue  is  not  confined  to  any  one  region  or 
organ,  but  exists  very  generally  throughout  the  body,  accompanying- 
the  still  more  widely  distributed  areolar 
tissue  in  most  though  not  in  all  parts  in  Kg-  S3, 

which  the  latter  is  found.  Still  its  dis- 
tribution is  not  uniform,  and  there  are  ■ 
certain  situations  in  Avhich  it  is  collected 
more  abundantly.  It  forms  a  consider- 
able layer  underneath  the  skin,  and, 
together  with  the  subcutaneous  areolar 
tissue  in  which  it  is  lodged,  constitutes 
in  this  situation  what  has  been  called 
thQ  2^ttnnkMliis  adqjosus.  It  is  collected 
in  large  quantity  round  certain  internal 
parts,  especially  the  kidneys.  It  is  seen 
filling  up  the  furrows  on  the  surface 
of  the  heart,  and  imbedding  the  vessels 
of  that  organ  underneath  its  serous 
covering ;  and  in  various  other  situa- 
tions it  is  deposited  beneath  the  serous 
membranes,  or  is  collected  between 
their  folds,  as  in  the  mesentery  and 
omentum,  at  first  generally  gathering 
along  the  course  of  the  blood-vessels  and 
at  length  accumulating  very  copiously. 
Collections  of  fat  are  also  common  round 
the  joints,  lying  on  the  outer  surface  of 

the  synovial  membrane,  and  filling  up     tt     oo     t-  a  m 

■^  Ti-  •  11      11-1         Fig-   S3. — Loose    Aeeolae  Tissue 

mequahties  ;  m  many  cases  lodged,  like        with  Fat -Cells;  of  Mak.  (Kbl- 
the  fat  of  the  omentum,  in  folds  of  the        liker.) 
membrane, which  project  into  the  articular 

cavity.     Lastly,  the  fat  exists  in  large  quantity  in  the  marrow  of  bones. 
On  the  other  hand,  there  are  some  parts  in  which  fat  is  never  found 
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in  the  healthy  condition  of  the  body.  Thus  it  does  not  exist  in  the  sub- 
cutaneous areolar  tissue  of  the  eyelids  and  penis,  nor  in  the  lungs, 
nor  within  the  cavity  of  the  cranium. 

Structur'e. — When  subjected  to  the  microscope,  the  adipose  tissue 
{fig.  33)  is  seen  to  consist  of  small  vesicles,  filled  with  an  oily  matter, 
and  for  the  most  part  lodged  in  the  meshes  of  the  areolar  tissue.  The 
vesicles  are  most  commonly  collected  into  little  lobular  clusters,  and 
these  again  into  the  little  lumps  of  fat  which  we  see  with  the  naked  eye, 
and  Avhich  in  some  parts  are  aggregated  into  round  or  irregular  masses  of 
considerable  magnitude.  Sometimes  the  vesicles,  though  grouped 
together,  have  less  of  a  clustered  arrangement  ;  as  when  they  collect 
alongside  of  the  minute  blood-vessels  of  thin  membranous  parts. 

In  well-nourished  bodies  the  vesicles  or  fat-cells  are  round  or  oval, 
unless  where  packed  closely  together,  in 
which  case  they  acquire  an  angular  figure, 
and  bear  a  striking  resemblance  to  the  cells 
of  vegetable  tissues.  The  greater  number  of 
them  are  from  ^-^th  to  e-^-oth  of  an  inch 
in  diameter,  but  many  exceed  or  fall  short 
of  this  measurement.  Each  one  consists  of 
a  very  delicate  envelope,  inclosing  the  oily 
matter,  which,  completely  filling  the  enve- 
lope, appears  as  a  single  drop. 

A  nucleus  is  commonly  present  (fig.  34), 
but  is  usually  obscured  by  the  fatty  matter. 
The  envelope  is  the  remains  of  the  original 
protoplasm  of  the  embryonic  cell :  it  is  gen- 
erally quite  transparent  and  apparently 
homogeneous  in  structure.  '  According  to 
some  anithorities  it  consists  of  two  parts, 
a  delicate  structureless  external  membrane, 
and  a  layer  of  finely  granular  protoplasm 
immediately  surrounding  the  fat. 


Pig.  34. — Fat  Cells  prom 
Rabbits'  Omentum,  showing 
Nucleus  and  Pkotoplasmic 
Envelope,  with  supporting 
Areolar  Tissue  between 
THE  Cells  (Klein). 


Sucli  is  the  normal  condition,  but  in  emaciated,  dropsical,  and  old  persons,  the 
oily  contents  of  the  cells  may  become  wholly  or  partially  removed,  in  which  case 
serous  fluid  may  be  found  occupying  its  place,  and  then  too  the  nucleus  becomes 
apparent. 

The  common  fat  of  the  human  body  consists  essentially  of  palmitin,  stearin 
and  olein,  which  are  the  comi^ounds  of  glj^cerine  with  palmitic,  stearic  and  oleic 
acids  respectively.  These  compomids,  which  are  considered  to  be  glycerine- 
ethers,  contain  three  equivalents  of  the  fatty  acid  to  each  equivalent  of  glyce- 
rine ;  they  have  hence  been  termed  tri-palmitin,  tri-stearin.  and  tri-olein. 
The  tri-olein,  or  liquid  fat,  holds  the  other  two  in  solution  ;  and  the  varying 
consistency  of  animal  fats  depends  on  the  relative  proportion  of  the  solid  and 
liquid  ingxedients.  During  life  the  oily  matter  contained  in  the  cells  is  liquid  ; 
but  the  acicular  crystalline  spots  which  are  sometimes  seen  after  death  indicate 
a  partial  solidification  of  one  of  its  constituents. 

The  fat  being  thus  contained  in  closed  cells,  it  will  be  readily  understood  why, 
though  liquid  or  nearly  so  in  the  living  body,  it  does  not  shift  its  place  in 
obedience  to  pressmre  or  gravitation,  as  happens  -n-ith  the  water  of  dropsy  and 
other  fluids  effused  into  the  interstices  of  the  areolar  tissue  ;  such  fluids,  being 
unconfined,  of  course  readily  pass  from  one  place  to  another  through  the  open 
meshes. 

The  areolar  tissue  connects  and  surrounds  the  larger  lumps  of  fat, 
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but  forms  no  special  envelope  to  the  smaller  clusters  ;  and  althougli 
fine  fasciculi  and  filaments  of  that  tissue  pass  irregularly  oyer  and 
through  the  clusters,  yet  it  is  probable  that  the  vesicles  are  held 
together  in  these  groups  mainly  by  the  fine  network  of  capillary  vessels 
distributed  to  them.  In  the  marrow  the  connective  tissue  is  verj 
scanty  ;  indeed,  the  fat-cells  in  some  parts  of  the  bones  are  said  to  be 
altogether  unaccompanied  by  connective  filaments. 

The  adipose  tissue  is  copiously  supplied  with  blood-vessels.  The 
larger  branches  of  these  pass  into  the  fat-lumps,  where  they  run  between 
the  lobules  and  subdivide,  till  at  length  a  little  artery  and  vein  are  sent 
to  each  small  lobule,  dividing  into  a  network  of  capillary  vessels,  which 
not  only  surrounds  the  cluster  externally,  but  passes  through  between 
the  vesicles  in  all  directions,  supporting  and  connecting  them.  The 
lymphatics  of  the  fat  are  in  close  relation  to  the  blood-vessels, 
accompanying  and  occasionally  completely  enclosing  them,  as  they 
enter  the  lobule.  No  nerves  have  been  seen  to  terminate  in  this  tissue, 
although  nerves  destined  for  other  textures  may  pass  through  it. 
Accordingly  it  has  been  observed  that,  unless  when  such  traversing- 
nervous  twigs  happen  to  be  encountered,  a  puncturing  instrument  may 
be  carried  through  the  adipose  tissue  without  occasioning  pain. 

Uses  and  Amount.— As  to  the  uses  of  the  fatty  tissue,  it  may  be  observed,  in 
the  first  place,  that  it  serves  the  merely  mechanical  purpose  of  a  light,  soft, 
and  elastic  packing  material  to  fill  vacuities  in  the  body.  Being  thus  deposited 
between  and  around  different  organs,  it  affords  them  support,  facilitates  motion, 
and  protects  them  from  the  injurious  effects  of  pressui-e.  In  this  way,  too,  it 
gives  to  the  exterior  of  the  body  its  smooth,  rounded  contour-.  Further,  being  a 
bad  conductor  of  heat,  the  subcutaneous  fat  must  so  far  serve  as  a  means  of 
retaining  the  warmth  of  the  body,  especially  in  wann-blooded  creatures  exposed 
to  great  external  cold,  as  the  whale  and  other  cetaceous  animals,  in  which  it. 
fomis  a  very  thick  stratum. 

But  the  most  important  use  of  the  fat  is  in  the  process  of  nutrition.  Com- 
posed chiefly  of  carbon  and  hydrogen,  it  is  absorbed  into  the  blood  and  consumed 
in  respiration,  combining  with  oxygen  to  form  carbonic  acid  and  water,  and  thus 
contributing  with  other  hydrocarbonous  matters  to  maintain  the  heat  of  the 
body  ;  and  it  is  supposed  that  when  the  digestive  process  introduces  into  the 
system  more  carbon  and  hydrogen  than  is  required  for  immediate  consumption, 
the  excess  of  those  elements  is  stored  up  in  the  fonn  of  fat,  to  become  available 
for  use  when  the  expenditure  exceeds  the  immediate  supply.  According  to  this 
\dew,  acti\-e  muscular  exercise,  which  increases  the  respiration,  tends  to  prevent  the 
accumulation  of  fat  by  increasing  the  consumption  of  the  hydrocarbonous  matter 
introduced  into  the  body.  Again,  when  the  direct  supply  of  calorific  matter  for 
respu'ation  is  diminished  or  cut  ofi:  by  Tvithholding  food,  or  by  interruption  of  the 
digestive  process,  nature  has  recourse  to  that  which  has  been  reserved  in  the 
foiTu  of  fat  ;  and  in  the  wasting  of  the  body  caused  by  starvation,  the  fat  is  the 
part  first  consumed. 

The  use  of  the  fat  in  nutrition  is  well  illustrated  by  what  occm-s  in  the  hedge- 
hog and  some  other  hybernating  animals.  In  these  the  function  of  alimentation 
is  suspended  during  their  winter  sleep  ;  and  though  their  respiration  is  reduced 
to  the  lowest  amount  compatible  with  life,  and  their  temperature  falls,  there  is 
yet  a  considerable  amount  of  hydrocarbonous  material  provided  in  the  shape  of 
fat,  before  theii'  hybernation  commences,  to  be  slowly  consumed  during-  that 
period,  or  perhaps  to  afford  an  immediate  supply  on  their  respiration  becoming 
again  active  in  spring-. 

It  has  been  estimated  that  the  mean  quantity  of  fat  in  the  human  subject  is 
about  one-twentieth  of  the  weight  of  the  body,  but  from  vv'hat  has  been  said, 
it  is  plain  that  the  amount  must  be  subject  to  gi-eat  fluctuation.     The  proportion 
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is  usually  largest  about  the  middle  period  of  life,  and  greatly  diminishes  in  old 
age.  High  feeding,  repose  of  mind  and  body,  and  much  sleep,  favour  the  pro- 
duction of  fat.  !To  these  causes  must  be  added  individual  and  perhaps  hereditary 
predisposition.  There  is  a  greater  tendency  to  fatness  in  females  than  males  ; 
also,  it  is  said,  in  eunuchs.  The  effect  of  castration  in  promoting  the  fattening 
of  domestic  animals  is  well  known. 

In  infancy  and  childliood  the  fat  is  confined  chiefly  to  the  subcutaneous  tissue. 
In  after-life  it  is  more  equally  distributed  through  the  body,  and  in  proportion- 
ately greater  quantity  about  the  viscera.  In  Hottentot  females  fat  accumulates 
over  the  gluteal  muscles,  forming  a  considerable  prominence  ;  and,  in  a  less 
degi'ee.  over  the  deltoid.  A  tendency  to  local  accumulations  of  the  subcutaneous 
fat  is  known  to  exist  also  in  particular  races  of  quadrupeds. 

Development. — According  to  Valentin  the  fat  first  appears  in  the 
hmnan  embryo  about  the  fourteenth  week  of  intra-uterine  life.  It  is 
deposited  in  the  form  of  minute  granules  or  droplets  in  certain  cells 
of  the  connective  tissue  (fig.  35,/,/') :  these  droplets  increase  in  size 
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Kg.  35. — Development   of   Fat   tn  Cells  of   Subcutaneous  Connective   Tissue  op 
NEW-BORN  Eat.     About  350  biamexeks. 

/,  /',  cells  containing  fat  globules  ;  in  /',  the  nucleus  is  visible  ;  fbr,  fibrillated  cell  ; 
g,  granular  corpuscle  ;  I,  leucocyte  ;  v,  vacuolated  cell ;  n,  n',  n",  n'",  hEemapoietic 
cells  ;  c,  capillary  blood-vessel  ;  c',  developing  capillary.  The  fibrils  of  the  tissue  are 
omitted  for  the  sake  of  clearness. 

and  eventually  run  together  so  as  to  form  one  large  drop  in  each  cell. 
By  further  deposition  this  comes  to  be  considerably  larger  than  the 
original  cell,  the  protoplasm  of  which  remains  as  a  delicate  envelope 
surrounding  the  fat-drop.  By  the  end  of  the  fifth  month  the  fat-cells 
have  largely  increased  in  number,  and  have  become  collected  into 
small  groups.  Like  the  other  cells  of  the  areolar  tissue,  the  fat-cells  in 
their  early  state  contain  a  nucleus,  but  this,  as  already  stated,  becomes 
afterwards  hidden  fi'om  view. 

The  deposit  of  fat  within  the  cells  is  preceded  and  accompanied  by 
the  formation  of  a  rich  network  of  capillary  blood-vessels,  which  are 
produced  by  a  transformation  of  other  cells  of  the  tissue  in  the  manner 
to  be  afterwards  described. 
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FIBROUS   TISSUE. 

Bistribution. — This  s-ubstance  is  one  of  those  which  are  serviceable 
in  the  body  chieflj'  on  account  of  their  mechanical  properties,  being  em- 
ployed to  connect  together  or  to  support  and  protect  other  parts.  It  is 
met  with  in  the  form  of  ligaments,  connecting  the  bones  together  at  the 
joints  ;  it  forms  the  tendons  of  muscles,  into  which  their  fleshy  fibres 
are  inserted,  and  which  serve  to  attach  these  fibres  to  the  bones.  In  its 
investing  and  protecting  character  it  assumes  the  membranous  form, 
and  constitutes  a  class  of  membranes  termed  "  fibrous."  Examples  of 
these  are  seen  in  the  periosteum  and  perichondrium  which  cover  the 
bones  and  cartilages,  in  the  dura  mater  whicli  lines  the  skull  and  pro- 
tects the  brain,  and  the  fibrous  layer  which  strengthens  the  pericardium, 
also  in  the  albugineous  coat  of  the  testicle,  and  the  sclerotic  coat  of  the 
eye,  which  inclose  the  tender  internal  parts  of  these  organs.  Fibrous 
membranes,  named  "  aponeuroses  "  or  "  fasciae,"  are  also  employed  to 
envelope  and  bind  down  the  muscles  of  different  regions,  of  which  the 
great  fascia  inclosing  the  muscles  of  the  thigh  and  leg  is  a  well-known 
example.  The  tendons  of  muscles,  too,  may  assume  the  expanded  form 
of  aponeuroses,  as  those  of  the  broad  muscles  of  the  abdomen,  which 
form  strong  fibrous  layers  in  the  walls  of  that  cavity  and  add  to  their 
strength.  It  thus  appears  that  the  fibrous  tissue  presents  itself  under 
two  principal  forms,  t\\Q  fascicular  and  the  membranous. 

Physical  Properties. — The  fibrous  tissue  is  white  or  yellowish  white, 
with  a  shining,  silvery,  or  nacreous  aspect.  It  is  exceedingly  strong 
and  tough,  yet  perfectly  pliant  ;  but  it  is  almost  devoid  of  extensibility. 
By  these  qualities  it  is  admirably  suited  to  the  purposes  to  which  it  is 
applied  in  the  animal  frame.  By  its  inextensible  character  it  maintains 
in  apposition  the  parts  which  it  connects  against  any  severing  force  short 
of  that  sufiicient  to  cause  actual  rupture,  and  this  is  resisted  by  its 
great  strength,  whilst  its  flexibility  permits  of  easy  motion.  Accord- 
ingly the  ligaments  and  tendons  do  not  sensibly  yield  to  extension  in 
the  strongest  muscular  efforts ;  and  though  they  sometimes  snap 
asnnder,  it  is  well  known  that  bones  will  break  more  readily  than  ten- 
dons of  equal  thickness.  The  fibrous  membranes  are  proportionally 
strong  and  alike  inextensible  ;  they  will  gradually  yield,  it  is  true, 
when  the  extending  force  acts  slowly  and  for  a  long  time,  as  when 
tumours  or  fluids  slowly  gather  beneath  them  ;  but  perhaps  this  gradual 
extension  is  accompanied  with  some  nutritive  change  aifecting  the  pro- 
perties of  the  tissue. 

Structure. — The  fibrous  tissue  is  made  up  of  fine  filaments,  agree- 
ing in  all  respects  with  the  white  filaments  of  the  areolar  tissue  already 
described.  Like  these  they  are  collected  into  bundles,  in  which  they 
run  parallel  and  exhibit  the  same  wavy  character,  cohering  very 
intimately.  The  bundles  appear  to  the  naked  eye  as  fine  shining  threads 
or  narrow  flattened  bands,  for  they  vary  greatly  in  thickness.  They 
either  run  all  in  one  direction  as  in  long  tendons,  or  intersect  each 
other  in  different  planes  as  in  some  aponeuroses,  or  they  take  various 
directions  and  decussate  irregularly  with  each  other  as  in  the  dura 
mater.  And  when  they  run  parallel  to  each  other,  as  in  tendon,  they 
do  not  keep  separate  throughout  their  length,  but  send  off  slips  to  join 
neighbouring  bundles  and  receive  the  like  in  turn  ;  so  that  successive 
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cross  sections  of  a  tendon  or  ligament  present  different  figures  of  the 
sectional  areas  of  the  bundles.  A  sheath  of  dense  areolar  tissue  covers 
the  tendons  and  ligaments  on  the  outside,  and  a  variable  amount  of  the 
same  tissue  lies  between  the  larger  fasciculi  ;  little  in  tendons,  more  in 
some  fibrous  membranes. 

The  surface  of  a  tendon  or  of  any  other  part  consisting  of  this 
texture,  appears  marked  across  the  direction  of  the  fasciculi  with 
alternate  light  and  dark  streaks,  which  give  it  a  peculiar  aspect,  not 

unlike   that   of  a 
Fig-  ss.  watered      ribbon. 

_^^^^_^^_        This     appearance 

"^_^^^^^~-  -       I^^^^^^^^S^    is    owing   to  the 

^       ^  _  "■     wavy  course  of  the 

-,^    j^  ^        ^  ^^     filaments,  for  when 

-■      the  light  falls  on 
■■IIZj  ^  ^,  ^   (   -    -^     them  their  bend- 

ings  naturally  give 
rise   to    alternate 
lights        and 
Fig.    36.— Tendon    of   Mouse's  Tail,    stained   with  Log-       snadOWS. 

WOOD  ;     SHOWING    CHAINS    OF     CeLLS    BETWEEN    THE    TeNDON-  ^^     ^     VCry     line 

Bundles.     175  diameters.  tendon,     such     as 

those  in  the  tail 
of  the  mouse  or  rat,  or  a  portion  only  of  a  larger  one,  is  examined 
under  the  microscope  in  an  indifferent  fluid,  and  a  little  dilute  acetic 
acid  is  cautiously  added,  the  filaments  are  seen  to  swell  up  and  become 
indistinct,  and  the  acid  discloses  the  existence  of  chains  of  oblong  flat- 
tened cells  lying  between  the  tendon-bundles  (fig.  36).     These  cells, 

Fig.  37. 


Fig.  87. — Eight  Cells   feom   the  same  Tendon  as  repkesented  in  Fig.  36. 

425    DIAMETEKS. 

Tlie  nuclei,  with  their  numerous  nucleoli,  were  deeply  coloured  by  the  logwood. 

which  are  represented  more  highly  magnified  in  fig.  37,  agree,  in 
almost  every  point  except  in  shape,  with  the  connective-tissue  cor- 
puscles previously  described :  each  consists  of  a  delicate  protoplasmic 
body,  thicker  at  the  centre  than  at  the  sides,  and  containing  a  more 
or  less  flattened,  round,  or  oval  clear  nucleus,  with  several  nucleoli. 
The  ends  of  adjacent  cells  are  in  close  apposition,  so  as  to  form,  as 
before  noticed,  long  chains  of  cells  in  the  tendon,  and  the  nucleus 
is  generally  so  situated  towards  one  end  of  the  cell  as  to  be  in  close 
proximity  to  the  nucleus  of  an  adjacent  cell ;  they  thus  present  the 
appearance  of  being  arranged  in  pairs.  Here  and  there  a  third  nucleus, 
with  a  small  amount  of  protoplasm,  may  be  seen  interpolated  between 
two  such  cells  (fig.  36).  The  rows  of  cells  lie  flattened  against  the 
tendon-bundles,  the  middle  of  each  cell  lying  in  the  angular  space 
between  three  or  more  bundles  and  a  lamellar  prolongation  extends 
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from  this  into  the  interstice  between  each  two  contiguous  bundles : 
this  arrangement  will  be  evident  on  study  of  the  transverse  section 
(fig.  38).  On  the  flat  surface  of  the  cells 
lines  are  commonly  seen  running  in  a 
longitudinal  direction  (fig.  37) :  these  are 
not  to  be  regarded  as  due  either  to  creases 
in  the  cells,  or  to  the  presence  of  an 
"  elastic  stripe  "  as  conceived  by  Boll,  but 
are  merely  the  optical  sections  of  such 
lamellar  extensions  as  are  directed  either 
towards  or  away  from  the  observer.*  At 
their  edges  the  lamellae  gradually  fade  off 
as  they  pass  between  the  tendon-bundles  : 
the  latter  are  not  completely  enclosed 
by  the  cells,  as  was  at  first  supposed  by 
Eanvier,  to  whom  the  merit  of  the  dis- 
covery of  these  flattened  cellular  elements 
belongs.! 

Treatment  with  nitrate  of  silver  solu- 
tion brings  into  view  corresponding 
spaces  (fig.  39),  which  commonly  appear 
somewhat  larger  than  the  cells  them- 
selves, with  which,  however,  in  general 
form  and  arrangement  they  in  the  main 
coincide. 

Fig.  39. 


Fig.  38. — Teansverse  Section  op 
Tendon  of  Mouse's  Tail  stained 
WITH  Logwood.    175  diameters. 

The  flattened  j)rocesses  of  tlie 
tendon-cells  (which  are  stained 
deeply  by  logwood)  appear  in  sec- 
tion as  lines,  frecpiently  coming 
off  at  right  angles  from  the  body 
of  the  cell.  The  bundles  of  fibres 
are  not  represented  ;  they  are  very 
irregular,  and  but  incompletely 
separated  by  the  cell-processes. 


Fig.  39. 


-Cell  Spaces  oe  Tendon  oe  Mouse's  Tail,  brought  into  view  by  treatment 
WITH  Nitrate  op  Silver.     175  diameters. 


The  fibrous  and  areolar  tissues  thus  agreeing  in  their  ultimate 
structure,  it  is  not  to  be  wondered  at  that  sometimes  the  limits  between 
the  two  should  be  but  ill-defined,  and  that  the  one  should  pass  by 
inconspicuous  gradations  into  the  other.  Instances  of  such  a  transition 
may  be  seen  in  many  of  the  fasciae  :  these  at  certain  parts  consist  of 
dense  areolar  tissue,  but  on  being  traced  farther  are  seen  gradually  to 
take  on  the  fibrous  character  ;  and  fascia,  which  in  one  body  consist  of 
areolar  tissue,  may  be  decidedly  fibrous  in  another. 

In  chemical  constitution  also  the  fibrous  tissue  is  similar  to  the 
areolar.  It  contains  about  two-thirds  of  its  weight  of  water;  it 
becomes  transparent  and  hard,  when  dried,  but  readily  imbibes  water 

*  From  an  article  received  since  the  above  was  in  type,  it  would  appear  that 
Eanvier  has  also,  from  a  further  study  of  the  subject,  arrived  at  a  similar  conclusion 
(Arch,  de  Phys.  No.  2,  1874). 

t  Arch,  de  Physiologic,  1869. 

VOL.  II.  F 


66  CONXECTIVE  TISSUE. 

again  and  regains  its  original  properties.  It  is  resolved  into  gelatin 
by  boiling. 

Vessels  asid  Herves. — The  fibrous  tissue  receives  Mood-vessels,  but 
in  general  tliey  are  inconsiderable  both  in  number  and  size  compared 
with  the  mass  of  tissue  to  which  they  belong.  In  tendons  and  liga- 
ments with  longitudinal  fasciculi,  the  chief  branches  of  the  vessels  run 
parallel  with  and  between  the  larger  fasciculi,  and,  sending  communi- 
cating branches  across  them,  eventually  form  a  very  open  network  with 
large  oblong  meshes.  Some  fibrous  membranes,  as  the  periosteum  and 
dura  mater,  are  much  more  vascular;  but  the  vessels  seen  in  these 
membranes  do  not  strictly  belong  to  them,  being  destined  for  the  bones 
which  they  cover. 

LympJiafics  are  contained  in  great  abundance,  as  Ludwig  and 
Schweigger-SeideP-'  have  shown,  in  the  enveloping  areolar-tissue 
sheatlis  of  tendons  and  aponeuroses,  where  they  form  plexuses  with 
polygonal  meshes.  In  addition  to  these  a  close  net-work  of  lymphatic 
vessels  with  elongated  meshes  may  be  injected  in  the  deeper  parts  of  the 
tendons.  A  connection  no  doubt  subsists  between  these  lymphatics 
and  the  cell-spaces  of  the  fibrous  structures  :  and  it  has  been  suggested, 
with  great  probability,  that  those  of  the  tendons  are  largely  concerned 
in  the  removal  of  matters  derived  from  the  attached  muscles,  in  which 
the  existence  of  lymphatic  plexuses  has  not  hitherto  been  established. 

As  to  nerves,  their  existence  in  tendons  and  ligaments  has  hot  been 
satisfactorily  demonstrated  by  anatomical  investigation.  The  fascias 
and  the  sheaths  of  tendons  are  also  destitute  of  nerves.  On  the  other 
hand,  fine  nerves  have  been  traced  in  the  interosseous  membrane 
of  the  leg,  and  nervous  filaments  are  even  abundant  in  the  periosteum, 
but  the  majority  of  them  do  not  belong  to  the  membrane  itself,  but  are 
destined  for  the  subjacent  bone.  Nerves  have  also  been  traced  in  the 
dura  mater  ;  some  accompany  the  A^essels,  others  appear  destined  for 
the  membrane  itself,  and  others  again  for  the  bones. 

It  has  been  proved  by  numerous  observations  and  experiments,  that 
the  tendons  and  ligaments  are,  in  the  healthy  state,  quite  insensible  ; 
but  then  it  is  known,  on  the  other  hand,  that  they  occasion  severe  pain 
when  inflamed,  which  cannot  well  be  accounted  for  on  the  supposition 
that  they  are  entirely  destitute  of  nerves.  Bichat,  while  he  admitted 
their  insensibility  to  cutting,  burning,  and  most  other  kinds  of  stimuli 
which  cause  pain  in  sensible  textures,  ascribed  to  them  a  peculiar  sensi- 
bility to  twisting  or  to  violent  traction,  and  this  opinion  has  been 
supported  by  other  authorities  of  weight,  but  the  proofs  of  it  are  not 
clear. 

Kegeneratioii.  —  Fibrous  tissue  readily  heals  and  unites  when 
divided,  as  is  seen  in  cases  of  broken  tendo  iichillis.  It  is  very  generally 
produced  as  a  uniting  medium  of  broken  bones  when  osseous  union 
fails  to  take  place  ;  and  is  common  as  a  diseased  production  in  various 
kinds  of  tumours. 

YELLOW   OR   ELASTIC   TISSUE. 

Whilst  the  fibrous  tissue  is  remarkable  for  its  want  of  extensibility, 
and  owes  its  usefulness  as  a  constituent  of  the  frame  in  a  great  measure 
to  that  character,  the  substance  we  have  now  to  consider  possesses  this 

*  Die  Lymphgefasse  der  Fascieen  unci  Selmen.     Leipzig,  1S70. 
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property  in  a  very  high  degree,  and  is  employed  wherever  an  extensible 
and  highly  elastic  material  is  required  in  the  animal  structure. 

Examples  of  this  texture  on  a  large  scale  are  seen  in  the  horse,  ox, 
elephant,  and  other  large  quadrupeds,  in  which  it  forms  the  great 
elastic  ligament,  called  ligamentum  nwJm,  that  extends  from  the  spines 
of  the  vertebrae  to  the  occiput,  and  aids  in  sustaining  the  head ;  in  the 
same  animals  it  also  forms  an  elastic  subcutaneous  fascia,  which  is 
spread  over  the  muscles  of  the  abdomen  and  assists  in  supporting  the 
contents  of  that  cavity.  In  the  human  body  it  is  met  with  chiefly  in 
the  following  situations,  viz.  :~ 

1.  Forming  tlie  Ugamenfa  suhflava,  which  extend  between  the  arches  of 
adjacent  vertebrcc  ;  these  ligaments,  while  they  permit  the  bones  to  be  drawn 
apart  in  flexion  of  the  body,  aid  in  restoring  and  maintaining  their  habitual  ap- 
proximation in  the  erect  posture — so  far.  therefore,  relieving  the  constant  effort 
of  the  erector  muscles.  There  is,  moreover,  an  obvious  advantage  in  having-  an 
elastic  band  in  this  situation,  instead  of  an  ordinary  ligament,  which  would  be 
thrown  into  folds  when  the  bones  are  approximated.  2.  Constituting  the  chief 
part  of  the  stylohyoid,  thyrohyoid,  and  cricothjToid  ligam.ents,  and  those  named 
the  vocal  cords.  Also  extending,  in  foiTa  of  longitudinal  bands,  underneath  the 
mucous  membrane  of  the  windpipe  and  its  ramifications.  3.  Entering,  along 
■with  other  textures,  into  the  formation  of  the  coats  of  the  blood-vessels,  espe- 
cially the  arteries,  and  conferring  elasticity  on  these  tubes.  4.  Beneath  the 
mucous  membrane  of  the  gullet  and  lower  part  of  the  rectum,  also  in  the  tissue 
which  sTUTOunds  the  muscular  coat  of  the  gullet  externally.  5.  In  the  tissue 
which  lies  under  the  serous  membranes  in  certain  parts.  6.  In  many  of  the 
fasciaa,  where  it  is  mixed  with  much  areolar  tissue.  7.  Largely  in  the  suspensory 
ligament  and  subcutaneous  tissue  of  the  penis.  S.  In  considerable  quantity  in 
the  tissue  of  the  skin.  9.  In  the  enclosing  capsule  and  trabecular  tissue  of  the 
spleen. 

The  elastic  tissue  in  its  purest  and  most  typical  condition,  such  as  is 
seen  in  the  ligamentum  nuchse  of  quadrupeds  and  the  ligamenta  sub- 
flava  of  the  human  spine,  has  a  yellow  colour  more  or  less  decided  ;  it 
is  extensible  and  elastic  in  the  highest  degree,  but  is  not  so  strong  as 
ordinary  fibrous  ligament,  and  it  breaks  across  the  direction  of  its 
fibres  when  forcibly  stretched.  Its  fibres  may  be  easily  torn  separate 
in  a  longitudinal  direction  ;  they  are  often  gathered  into  irregular 
fasciculi  which  run  side  by  side,  but  join  at  short  distances  by  slips 
with  one  another,  and  are  further  connected  by  areolar  tissue,  which  is 
always  intermixed  with  them  in  greater  or  less  quantity.  Elastic  liga- 
ments are  also  covered  outwardly  with  a  sheath  of  areolar  tissue. 

When  the  elastic  fibres  are  mixed  up  with  a  large  proportion  of  some 
other  kind  of  tissue,  their  yellow  colour  may  not  appear,  but  they  can 
always  be  recognised  by  their  microscopic  characters.  When  viewed 
under  a  tolerably  high  magnifying  power,  they  appear  quite  trans- 
parent, with  a  remarkably  well-defined  dark  outline  (fig.  40).  They 
run  side  by  side,  following  a  somewhat  bending  course,  but  Avith  bold 
and  wide  curves,  unlike  the  undulations  of  the  white  connective  fila- 
ments. As  they  proceed  they  divide  into  branches,  and  join  or 
anastomose  together  in  a  reticular  manner.  Elastic  networks  may  be 
composed  of  fine  fibres  with  wide  meshes  ;  in  other  parts  the  elastic 
fibres  are  larger  and  broader  and  the  intervening  spaces  narrower,  so 
that  the  tissue  may  even  acquire  a  lamellar  character  and  present 
the  appearance  of  a  homogeneous  membrane,  which  may  be  either 
entire,  or  with  gaps  or  perforations  at  short  intervals,  in  which  case 
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it  constitutes  the  fenestrated  membrane  of  Henle,  found  in  the  coats 
of  the  blood-vessels.  A  remarkable  character  which  elastic  fibres  ex- 
hibit in  many  specimens,  is  their  singular  tendency  to  curl  up  at  their 

broken  ends;   and  these  ends  are  not 
Fig.  40.  pointed,   but    abruptly    broken   across. 

Their  size  is  very  various;  the  largest  in 
man  are  nearly  ^oVo^h  of  an  inch  in 
diameter,  the  smallest  perhaps  not  more 
than  24 wo^h.  In  some  varieties  of  the 
tissue  the  larger  sized  fibres  prevail ; 
this  is  the  case  with  the  ligamenta 
subflava,  where  their  general  diameter 
is  about  y/oo^^^  of  an  inch  ;  in  other 
instances,  as  in  the  chordte  vocales,  they 
are  exceedingly  fine.  In  some  animals 
elastic  fibres  are  met  with  yjVo*^!^  or 
an  inch  in  thickness.  Acetic  acid  pro- 
duces no  change  on  the  elastic  fibres, 
while  it  speedily  alters  the  wavy  areolar 
fibres  that  are  usually  intermixed  with 
them  in  greater  or  less  number.  They 
also  withstand  boiling  for  a  short  time 
in  solutions  containing  ten  to  fifteen 
l^er  cent,  of  caustic  potash  or  soda,  by 
which  the  white  fibres  and  the  corpus- 
cles of  connective  tissue  are  speedily 
destroyed. 

Chemical  Composition. — The  elastic  tissue,  of  course,  contains 
water,  and  loses  much  of  its  weight  by  drying  ;  but  the  proportion 
is  said  not  to  be  so  great  as  in  most  other  soft  tissues.  By  very  long 
boiling  it  yields  a  substance  in  some  points  resembling  gelatin,  while 
a  portion,  equal  to  rather  more  than  the  half,  remains  undissolved. 

Tlie  gelatin,  no  doubt,  comes  from  the  intermixed  areolar  tissue  ;  but  the  dis- 
solved matter  is  not  pure  gelatin,  for  it  is  precipitated  by  acetic  acid,  and  by 
some  other  re-agents  which  do  not  distiu'b  a  solution  of  pure  gelatin.  The  nature 
of  the  substance  which  remains  undissolved  has  not  been  determined.  Caustic 
potash  and  soda  have  little  effect  on  elastic  tissue  in  the  cold,  and  in  weak  solu- 
tions even  when  hot,  unless  the  application  is  long  continued  ;  boiling  in  concen- 
trated solutions  speedily  dissolves  it.  It  is  soluble  with  the  aid  of  heat  in  dilute 
hydrochloric  acid. 

Vessels  and  Herves. — The  yellow  ligaments,  which  contain  this 
tissue  in  its  purest  form,  are  but  scantily  supplied  with  vessels  ;  and  no 
nerves  have  been  traced  into  them.  We  are  not  aware  of  any  experi- 
ments or  observations  as  to  their  sensibility,  but  there  is  no  reason  for 
supposing  it  to  be  greater  than  that  of  ordinary  ligaments  ;  nor  has 
it  been  shown  that  structures  containing  this  tissue  possess  vital  con- 
tractility, unless  they  also  contain  contractile  fibres  of  another  kind. 


Fig.  40. — Elastic     Fibres     froi 
THE  Ligamenta  Subflava,  mag- 

NIFIED  ABOUT  200  DIAMETERS. 


SPECIAL   VABIETIES   OF   CONNECTIVE    TISSUE. 

1.  Jelly-like  connective  tissue  or  mucous  tissue.  At  an  early 
period  of  development  connective  tissue  consists  of  a  pellucid  jelly 
and  nucleated  corpuscles.  The  soft  watery  jelly  contains  the 
chemical  principle  of  mucus,  or  mucin,  and,  in  much  less  proportion. 
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Fig.   41. 


albumin,  but  not  gelatin.  In  the  general  course  of  development 
of  the  tissue,  fibres,  both  white  and  elastic,  are  formed  in  the 
soft  matrix,  and  finally  this  substance  in  a  great  measure  disappears. 
But  in  certain  cases  the  course  is  different.  The  cells  may  disappear, 
only  the  jelly  remaining,  as  in  the  vitreous  humour  of  the  eye;  or  the 
corpuscles  may  branch  out  and  join  together  in  form  of  a  network  in 
the  jelly,  with  the  nuclei  persisting  at  the  spots  whence  the  threads 
diverge.  The  areolar  tissue  surrounding  and  imbedding  the  vessels 
in  the  umbilical  cord  consists  of  fusiform  and  ramified  corpuscles 
associated  with  white  fibrillar  bundles  and  elastic  fibres,  along  with 
much  of  the  soft  matrix,  which  is  persistent  at  the  time  of  birth  and 
is  known  as  the  jelly  of  Wharton. 

2.  Retiform*  connective  tissue;  Reticular  tissue,  and  Cytogmous 
tissue  (KoWi^er);  Adenoid  tissue  (His).  In  this  case  the  matrix  dis- 
appears :  neither  white  nor  elastic  fibres  are  developed,  but  the 
ramified  corpuscles  unite 
together  into  a  reticular 
or  fine  trabecular  struc- 
ture (fig.  41) ;  either  re- 
taining their  nuclei  as  at 
a,  or  losing  them  and 
then  forming  a  fine  net- 
work of  simple  fibres 
without  nuclei  as  at  Z'. 

That  in  both  forms  the 
tissue  is  constructed  of 
ramified  corpuscles  is 
shown  by  its  withstand- 
ing boiling  in  water, 
whilst  it  readily  dis- 
solves in  hot  alkaline 
solutions.  This  form  of 
connective  tissue  enters 
into  the  construction  of 
certain  organs  and  tex- 
tures, where  it  serves  as 
a  supporting  framework 

to  their  peculiar  elements  and  their  nourishing  blood-vessels,  and 
thus  becomes  a  •'  sustentacular "  tissue  {StUtzgeiuehe,  Germ.).  In  this 
way  it  forms  a  trabecular  network  within  the  lymphatic  glands, 
containing  the  lymph-corpuscles  in  its  meshes  (as  at  c).  So  also 
it  is  found  in  the  solitary  and  agminated  glands  of  the  intestine, 
the  tongue,  and  tonsils  ;  in  the  thymus  gland  ;  in  the  spleen ; 
and  in  the  tissue  of  the  intestinal  mucous  membrane  at  certain  parts  ; 
in  all  which  situations  the  meshes  contain  corpuscles  of  similar  external 
character  with  those  in  the  lymphatic  glands.  But,  although  thus 
related  to  glands  and  thence  named  "  adenoid  "  tissue,  it  exists  also  as 
a  sustaining  structure  in  the  brain  and  spinal  cord,  where,  with  finet 
branches  and  closer  meshes,  it  forms  an  extremely  delicate  framework 
supporting  the  proper  nervous  substance,  and  has  been  called  the 
reticulum  (Ivolliker). 

*  We  use  tlie  term  "  retifonn,"  not  because  it  signifies  more  or  less  tlian  "  reticular," 
but  because  the  latter  term  is  not  unirequentlj^  ai^plied  to  areolar  tissue. 


Fig.  41. — Thin  SECTioiif  fkom  the  Cortical  Pakt 
OP  A  Lymphatic  Gla^^d,  magnified. 

A  network  of  fine  trabecule  formed  by  retiform  or 
adenoid  tissue,  from  the  meshes  of  which  the  lymph- 
corpuscles  have  been  washed  out,  except  at  c,  where 
they  are  left  (after  His,  slightly  altered). 
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3.  A  third  variety  of  connectiye  tissue  is  commonly  met  Avith  in 
the  form  of  delicate  memTbranes  and  was  formerly  supposed  to  be 
quite  homogeneous  in  structure.  These  membranes  have,  however, 
in  almost  every  case,  been  shown  to  be  made  up  of  flattened  cells,  in 
close  apposition,  and  more  or  less  fused  together  by  their  edges,  which 
can,  however,  be  brought  to  view  by  staining  with  nitrate  of  silver. 
Examples  of  such  are  to  be  found  in  the  walls  of  the  capillaries,  the 
hyaloid  membrane  of  the  eye  and  the  memdrance  projmce  lying  under 
the  epithelium  of  mucous  membranes  at  certain  parts,  in  gland  ducts 
and  the  like. 

It  must  be  noted,  however,  that  some  homogeneous  membranes,  as 
for  example,  the  posterior  elastic  lamina  of  the  cornea,  are  of  a  different 
nature. 

DEVELOPMENT   OF   THE   CONNECTIVE   TISSUE. 

Those  parts  of  the  early  embryo  in  Avhich  connective  tissue  is  subse- 
quently to  be  developed,  are  at  first  composed  entirely  of  closely 
agglomerated  embryonic  cells,  to  all  appearance  similar  to  those  of 
which  the  remainder  of  the  body  is  constituted  (see  p.  8).  The  first 
change  of  importance  that  occurs  is  the  development  of  blood-vessels 
from  some  of  these  cells  in  the  manner  that  has  already  been  partly 
explained  (p.  41),  and  Avill  be  further  treated  of  when  those  vessels 
have  come  under  consideration.  Soon  after  the  development  of  these 
primitive  blood-vessels  the  embryonic  cells  become  more  separated,  but 
retain  for  the  most  part  a  connection  with  one  another  by  interjoining 
processes  ;  and  the  interstices  between  the  cells  are  now  found  to  be 
filled  with  a  clear  fluid,  as  to  which  it  is  uncertain  whether  it  is  pro- 
duced by  the  cells  themselves,  or  derived  directly  by  transudation  from 
the  blood-vessels,  as  Boll  is  inclined  to  believe  :  it  is  to  be  noted,  how- 
ever, that  besides  albumin  this  fluid  contains  mucin,  which  is  commonly  a 
product  of  cells  and  is  not  demonstrable  in  the  liquor  sanguinis.  This 
muco-albuminous  fluid  subsequently  acquires  a  firmer  consistence  and 
eventually  remains  as  the  ground  substance,  which  in  the  adult 
tissue,  although  widely  diffused,  is  nevertheless,  relatively  to  the  fibres, 
in  very  small  amount.  A  difference  is  noticeable  in  the  relations 
of  the  cells  according  as  areolar  or  fibrous  tissue  is  to  become 
developed,  they  being  in  the  former  case  connected  together  both 
laterally  and  at  their  ends,  in  the  latter  at  their  ends  merely  ;  rows 
or  chains  of  cells  being  thus  produced.  Before  long  a  delicate 
striation  appears  within  the  cells,  in  the  case  of  the  fibrous  tissues  in  a 
longitudinal  direction  only,  in  that  of  the  areolar  obliquely  and 
transversely  as  well :  this  striation  (which  afterwards  passes  into 
fibrillation)  may  be  traced  through  the  connecting  processes  from 
one  cell  into  another.  In  this  manner  each  bundle  of  fibrils  is 
produced  from  a  series  of  connected  cells  by  the  conversion  of 
the  whole  or  of  a  part  only  of  their  protoplasm  into  collogenous  sub- 
stance :  in  the  latter  case  the  remainder  of  the  cell  becomes  flattened 
out  and  persists  on  the  surface  of  the  bundle  as  a  connective-tissue 
corpuscle  or  tendon-cell,  as  the  case  may  be.  In  the  areolar  tissue 
many  of  the  smaller  bundles  or  threads  are  formed  from  processes 
which  grow  out  from  the  corpuscles  into  the  surrounding  ground-sub- 
stance, and,  interlacing  and  intertwining  with  processes  from  other  cells, 
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subsequently  become  fibrillated.  The  cell-processes,  however,  do  not, 
it  is  believed,  ever  form  single  fibrils,  but  always  smaller  or  larger 
bundles ;  in  this  there  is  a  marked  difference  between  the  development 
of  the  white  connective  tissue  and  that  of  the  elastic  fibres,  as  will 
immediately  be  seen.  The  bundles  of  white  fibres  probably  become  en- 
larged by  a  further  fibrillation  of  the  part  of  the  cells  in  contact 
with  tliem,  the  cells  at  the  same  time  themselves  increasmg  in  size  and 
probably  also  in  number. 

The  above  description  of  the  development  of  the  white  connective  tissue, 
which  is  principally  founded  upon  the  results  of  actual  observation  on  the 
mammalian  embryo  and  young  animal,  is  substantially  the  same  as  '  that 
given  by  most  recent  observers  who  have  investigated  the  subject,*  and  in 
many  respects  accords  with  the  original  description  of  Schwann.  It  is  right, 
however,  to  state  that  a  very  different  view  is  held  by  several  distinguished 
authorities,  according  to  whom  the  cells  themselves  have  no  direct  share  in  the 
formation  of  the  fibrils,  which  are  believed  to  be  develoised  as  an  independent 
deposit  in  the  muco-albuminous  matter  which  lies  between  the  cells. 

With  regard  to  the  formation  of  the  elastic  fibres,  little  is  positively 
known,  but  it  would  appear  that  they  also  are  formed  from  cells, 
probably  of  a  different  nature  from  those  which  generate  the  white  con- 
nective tissue.  The  fibres  appear  to  be  formed  of  the  processes  of  the 
cells  which  grow  out  and  branch,  becoming  connected  with  processes 
from  other  cells.  The  conversion  into  elastic  substance  seems  to  occur 
first  at  the  extremities  of  the  processes  and  to  proceed  towards  the 
body  of  the  cell :  it  would  appear  probable  that  it  is  the  surface  layer 
of  a  fibre  that  is  first  changed,  for  elastic  fibres  (presumably  not  fully 
developed)  are  here  and  there  met  with  which  appear  to  present  a 
tubular  structure  ;  for  a  precipitate  may  under  some  circumstances  be 
produced  in  their  interior.  What  becomes  of  the  body  of  the  cell  is  not 
very  clear  :  however,  it  would  seem  that  in  some  instances,  at  least, 
the  connection  of  the  elastic  fibres  with  cell  processes  is  retained  even 
in  the  fully-developed  tissue  (Thin)  :  in  the  pure  elastic  ligaments,  on 
the  other  hand,  the  cells  are  stated  to  disappear. 

The  first  appearance  of  the  elastic  fibres  is  described  by  Eanvier  and  others  as 
occurring  in  the  form  of  rows  of  granules  or  globules  which  subsequently  run 
together.  Such  a  mode  of  formation  would  explain  the  appearance  of  an  in- 
distinct transverse  striation  which  has  sometimes  been  described  in  those  fibres. 

As  in  the  case  of  the  white  connective  tissue,  it  has  been  held  by  many 
authorities  that  the  elastic  fibres  are  also  formed  by  a  deposit  (although  of  a 
different  nature)  in  the  muco-albuminous  fluid  between  the  ceUs. 

In  the  formation  of  the  special  varieties  of  connective  tissue,  no 
fibres  are  developed,  but  either  the  cells  disappear  altogether,  their 
place  being  occupied  by  muco-albuminous  matter,  as  in  the  jelly-like 
connective  tissue  ;  or  this  matter  is  developed  in  but  very  small  amount, 
in  which  case  the  cells  may  either  become  flattened  out,  remaining  co- 
herent at  their  edges,  as  in  the  homogeneous  membranes,  or,  some  of 
them  becoming  branched,  and,  intercommunicating  by  their  processes, 
may  form  a  reticulum  within  the  me?hes  of  which  other  cells  are  more 
or  less  closely  packed,  as  in  the  retiform  or  adenoid  tissue. 

*  Max  Schiiltze  :  Briicke  (Obersteiner,  and  Kusnetzoff,  "Wiener  Sitzb.  Ivi.) ;  Strieker 
(Breslauer,  Arch.  f.  mikr.  Anat.  v.)  :  Boll,  Arch.  f.  mikr.  Anat.  vii. 
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CARTILAGE. 

This  is  the  well-known  substance  commonly  called  "  gristle."  The 
following  are  its  more  obvious  characters.  When  in  mass,  it  is  opaque 
and  of  a  pearly  or  bluish  white  colour,  in  some  varieties  yellow  ;  but  in 
thin  slices  it  is  translucent.  Although  it  can  be  easily  cut  with  a  sharp 
knife,  it  is  nevertheless  of  very  firm  consistence,  but  at  the  same  time 
highly  elastic,  so  that  it  readily  yields  to  pressure  or  torsion,  and 
immediately  recovers  its  original  shape  when  the  constraining  force 
is  withdrawn.  By  reason  of  these  mechanical  properties,  it  is  rather 
extensively  used  in  the  construction  of  the  body.  Its  specific  gravity 
is  1'15. 

In  the  early  embryo  the  skeleton  is,  in  great  part,  cartilaginous  ;  but 
the  cartilage  forming  its  different  pieces,  which  have  the  outward  form 
of  the  future  bones,  in  due  time  undergoes  ossification  or  gives  place  to 
bone,  in  the  greater  part  of  its  extent  at  least,  and  hence  this  variety 
of  cartilage  is  named  "  temporary," 

Of  the  permanent  cartilages  a  great  many  are  in  immediate  con- 
nection with  bone,  and  may  be  still  said  to  form  part  of  the  skeleton. 
The  chief  of  these  are  the  articular  and  the  costal  cartilages  ;  the 
former  cover  the  ends  or  surfaces  of  bones  in  the  joints,  and  afford 
these  harder  parts  a  thick  springy  coating,  which  breaks  the  force  of 
concussion  and  gives  ease  to  their  motions ;  the  costal  or  rib-cartilages 
form  a  considerable  part  of  the  solid  framework  of  the  thorax,  and 
impart  elasticity  to  its  walls.  Other  permanent  cartilages  enter  into 
the  formation  of  the  external  ear,  the  nose,  the  eyelids,  the  Eustachian 
tube,  the  larynx,  and  the  windpipe.  They  strengthen  the  substance  of 
these  parts  without  undue  rigidity  ;  maintaining  their  shape,  keeping 
open  the  passages  through  them  where  such  exist,  and  giving  attach- 
ment to  moving  muscles  and  connecting  ligaments. 

Cartilages,  except  those  of  the  joints,  are  covered  externally  with  a 
fibrous  membrane  named  i\\Q  perichondrium. 

When  a  very  thin  slice  of  cartilage  is  examined  with  the  microscope, 
it  is  seen  to  consist  of  nucleated  cells,  also  named  cartilage-corpuscles, 
disseminated  in  a  solid  mass  or  matrix.     (Fig.  42.) 

The  matrix  is  sometimes  transparent,  and  to  all  appearance  homo- 
geneous ;  sometimes  dim  and  very  faintly  granulai-,  like  ground  glass : 
both  these  conditions  occur  in  hyaline  cartilage,  which  may  be  regarded 
as  the  most  typical  form  of  the  tissue.  Two  varieties  exist  in  which 
the  matrix  is  pervaded  to  a  gTeater  or  less  extent  by  fibres.  In  the  one 
named  elastic  or  yelloiu  cartilage,  the  fibres  are  similar  to  those  of  elastic 
tissue  ;  in  the  other,  named  filro-cartUage,  they  are  of  the  white  kind 
as  in  ordinary  ligament. 

HYALINE     CARTILAGE. 

In  hyaline  cartilage  the  matrix,  as  just  stated,  is  uniform  and,  in  the 
normal  state,  fi-ee  from  fibres.  The  cells  consist  of  a  rounded,  oval, 
or  bluntly  angular  cell-liocly  of  translucent,  but  sometimes  finely  gran- 
ular-looking substance  (fig.  42,  h),  with  a  round  nucJem  (n),  which  is 
either  clear  or  of  a  coarsely  granular  appearance,  and  one  or  more 
nncleoli.  The  cell-body  lies  in  a  cavity  of  the  matrix,  which,  in  its 
natural  condition,  it  entirely  fills.     This  cavity  is  bounded  and  inclosed 
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by  a  transparent  capsule,  wliich  is  seldom  obvions  to  the  eye,  for  it 
coheres  intimately  with  the  surrounding  matrix,  with  which  it  agrees 
in  nature,    and  can- 
not usually  be  distin-  Fig-  -^2. 
guished  without    the                                   ,     \v^^\  v, 
aid  of  re-agents.                         .v   -N\t:\%Ht^l^^^^^^>^N^^\. 
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In  thin  slices  of  jotjag  -^ 

cartilage     the     capsules  Av 

may   be  freed  from  the  ^M'^ 

matrix  by  means  of  con-  W^ 

centrated  mineral  acids,  w 

and  can  then  be  sho'vsai  ^x  - — ~ 

as  distinct  vesicles  having  W"  '  - 

the    cell-bodies    within.  % 

The   effect    of    acids    is  ^ 

promoted     by     ijrevious  >%  — 

boiling  of  the  cartilage  » 

in  Avater.     By   exposure  W 

to  water  and  some  other  M^ 

liquids  as  well  as  to  the  'M\ 

action  of  electric  shocks  ^ 

the      cell-body     shrinks  ^^ 

away  from  the  inside  of  ^^ 

the  capsrde,  and  assumes  ^\ 

a    jagged    or    otherwise  Mx 

irregular  figure,  and  then  :^t 

may  hide  the  nucleus  (fig.  ^^<\  ^ 

U).    It    often   contains  vW 

larger    or    smaller     fat-  m\ 

globules  (fig.  42,  </.)  \ 

The  cells  are  rarely 
dispersed  singly  in 
the  matrix  ;  they  most 
commonly  occur  in 
groups  of  tAvo  or 
more.  When  disposed 
in  pairs  (as  at  a,  fig. 
42)  the  cells  are  generally  triangular  or  pyramidal  in  form  with 
rounded  angles,  and  with  their  bases  opposite  one  another  ;  in  the 
larger  groups  (&)  the  cells  have  a  straight  outline  where  they  adjoin  or 
approach  one  another,  but  at  the  circumference  of  the  group  their  out- 
line is  rounded.  Towards  the  surface  of  the  cartilage  the  groups  are 
generally  flattened  conformably  with  the  surface,  appearing  narrow  and 
almost  linear  when  seen  edgeways,  as  in  a  perpendicular  section 
(fig.  43). 

Such  is  the  structure  of  hyaline  cartilage  in  general,  but  it  is  more  or 
less  modified  in  different  situations. 

In  articular  cartilage,  the  matrix  in  a  thin  section  appears  dim, 
like  ground  glass,  and  has  an  almost  granular  aspect.  The  cells  are 
smaller  and  more  uniformly  dispersed,  as  a  rule,  than  in  rib  cartilage. 
As  is  the  case  with  cartilage  generally,  the  groups  which  they  form 
are  flattened  at  and  near  to  the  surface,  and  lie  parallel  with  it 
(fig.  44)  ;  deeper  and  nearer  the  bone,  on  the  other  hand,  they 
are  narrow  and  oblong,  like  short  irregular  strinrrs  of  beads,  and  are 


Fig.  42.  —  Articulak  Caktilage  from  Head  of 
Metatarsal  (osmic  acid  preparation).  The  Cell- 
Bodies  ENTIRELY  FILL  THE  SPACES  IN  THE  MaTRIX. 
340    DIAMETERS. 

a,  h,  groups  of  cells  ;    h, 
fatty  gramiles  ;  n,  micleus. 


protoplasm   of  cell,   with  f/, 
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mostly  directed  vertically.  (Fig;.  43.)     It  is  well  known  that  articular 
cartilages  readily  break  in  a  direction  perpendicular  to  their  surface, 


Fig.  44. 


-\% 


Fig.  43. — Vertical  Section  of  Akticular  Cartilage  of  the  Head  of  the  Humerus. 
A  deep  portion  Dear  the  bone.     Magnified  400  diameters. 

Fig.  44. — A  Thijm-  Later  peeled  off  from  the  Surface  of  the  Cartilage  of  the 
Head  of  the  Hujierus,  sho-\vi>-g  Flattened  Groups  op  Cells. 
Tlie  shrunken  cell-bodies  are   distinctly  seen,  but  the  limits  of  the  capsular  cavities 
where  they  adjoin  one  another  are  but  faintly  indicated.     Magnified  400  diameters. 


Fig.  45. 
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and  the  surface  of  the  fracture  apj^ears  to  the  naked  eye  to  be  striated 
in  the  same  direction,  as  if  they  had  a  columnar  structure  ;  this  has  been 

ascribed  to  the  vertical 
arrangement  of  the 
rows  of  cells,  or  to  a 
latent  fibrous  or  col- 
umnar disposition  of 
the  substance  of  the 
ra  atrix  (Leidy),  It  was 
formerly  held  that  the 
free  surface  of  articular 
cartilage  is  covered 
with  epithelium,  but 
no  such  covering  really 
exists.  It  is  easy,  no 
doubt,  to  peel  off  a 
thin  film  from  the 
surface  of  the  cartilage 
of  the  head  of  the 
humerus  or  femur  ; 
but  this  superficial 
layer  is  really  part  of 
the  cartilage,  and  its 
broad  patches  of   cells  with  the   intermediate  matrix   are  not  to  be 


Fig.  45. — Border  of  Articular  Cartilage  showing 
Transition  op  Cartilage  Cells  into  Connective- 
Tissue  Corpuscles  of  Synovial  Membrane.  From 
HEAD   op  Metatarsal   Bone,    Human.      About  340 
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«,  ordinary  cartilage  cells  ; 
cesses. 


5,5,  with  branching  pro- 
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mistaken.  (See  fig.  4-1-.)  Kear  the  margin  of  these  cartilages  a  layer 
of  fine  filamentous  tissue  is  prolonged  a  certain  way  over  their  surface 
from  the  synovial  membrane,  and  the  cartilage-cells  in  the  neighbour- 
hood of  this  acquire  processes  and  present  transitions  to  the  connective- 
tissue  corpuscles  of  that  membrane  (fig.  45.)  The  matrix  of  articular 
cartilage  rarely,  or  perhaps  never,  becomes  pervaded  by  fibres  like 
those  so  often  seen  in  rib  cartilage,  nor  is  it  prone  to  ossify. 

In  the  costal  cartilages,  the  corpuscles  or  cells,  which  are  of  large 
size  are  also  collected  in  groups.  Near  the  exterior  of  the  cartilage 
they  are  flattened,  and  lie  parallel  with  the  surface,  forming  a  superficial 
stratum  from  ^-^Q-th  to  -s^oth.  of  an  inch  thick.  As  to  those  situated  more 
inwardly,  we  can  sometimes  observe,  in  a  transverse  slice,  that  they 
form  oblong  groups  disposed  in  lines  radiating  to  the  circumference  ; 
but  this  arrangement  is  not  constant,  and  they  often  appear  quite  irre- 
gular. The  cells,  with  the  exception  of  those  lying  upon  the  surface, 
conunonly  contain  larger  or  smaller  drops  of  oil;  and  the  nucleus, 
being  generally  undiscoverable,  is  concealed  by  the  fat  or  may  itself 
have  undergone  a  fatty  metamorphosis.  The  matrix  is  tolerably  clear, 
except  where  fibres  have  been  developed  in  it,  in  which  parts  it  is 
opaque  and  yellowish.  Such  fibrous  patches  are  very  frequent ;  the 
fibres  are  fine,  straight,  and  parallel,  appearing  transparent  when  few 
together ;  they  appear  to  withstand  the  action  of  acetic  acid.  It  is  not 
uncommon  to  find  the  rib-cartilages  extensively  ossified. 

The  description  given  of  the  microscopic  characters  of  the  costal 
cartilages  will  apply  with  little  variation  to  the  ensiform  cartilage  of 
the  sternum,  to  the  cartilages  of  the  larynx  and  windpipe,  except  the 
epiglottis  and  cornicula  laryngis,  and  to  the  cartilages  of  the  nose. 
With  the  exception  of  the  last,  these  resemble  the  rib-cartilages  also  in 
their  tendency  to  ossify. 

The  characters  of  the  temporary  cartilages,  which  are  hyaline,  will  be 
noticed  in  the  account  of  the  formation  of  bone. 

Vessels  and  nerves. — In  the  healthy  state,  no  blood-vessels  pene- 
trate the  articular  cartilages.  Whatever  nutrient  fluid  they  require 
seems  to  be  derived  from  the  vessels  of  adjoining  textures,  especially 
the  bone,  and  to  be  conveyed  through  the  tissue  by  imbibition.  To- 
wards the  circumfereuce  of  the  cartilage,  however,  underneath  the 
synovial  membrane,  the  synovial  vessels  form  a  narrow  vascular  border 
round  it,  which  has  been  named  the  circulus  arUculi  vasculosus. 

When  the  tissue  exists  in  thicker  masses,  as  in  the  cartilages  of  the 
ribs,  canals  are  here  and  there  excavated  in  its  substance,  along  which 
vessels  are  conducted  to  supply  nourishment  to  the  parts  too  distant  to 
receive  it  from  the  vessels  of  the  perichondrium.  But  these  canals  are 
few  and  wide  apart,  and  the  vessels  do  not  pass  beyond  them  to  ramify 
in  the  intermediate  mass,  which  is  accordingly  quite  extravascular.  It 
must  be  further  remembered  respecting  these  vascular  canals,  that  many 
of  them  lead  to  spots  where  the  cartilage  is  undergoing  ossification,  and 
convey  vessels  to  supply  the  bony  deposits. 

No  nerves  have  been  traced  into  any  of  the  cartilages,  and  they  are 
known  to  be  destitute  of  sensibility. 

Compositioii. — Ordinary  pennanent  hyaline  cartilage  contains  about  three 
fifths  of  its  weight  of  water,  and  becomes  transparent  by  drying.  By  boiling  it 
in  water  for  fifteen  or  twenty  hours,  it  is  resolved  into  chondrin.  This  is  a  sub- 
stance said   to  gelatinise  on  cooling,  although  it  may  be  doubted  whether  the 
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congelation  is  not  in  reality  owing  to  an  admixture  of  gelatin  derived  from 
fibrous  tissue  not  duly  separated  from  the  cartilage.  Like  gelatin,  cliondrin  is 
thrown  down  from  its  solutions  by  tannic  acid,  alcohol,  ether,  creasote,  and 
corrosive  sublimate,  and  not  by  prussiate  of  potash.  It  differs  from  gelatin  in 
being  precipitated  by  the  mineral  and  other  acids,  the  acetic  not  excepted  ; 
also  by  alum,  sulphate  of  alumina,  persulphate  of  iron,  and  acetate  of  lead  ; 
the  precipitates  being  soluble  in  an  excess  of  the  respective  precipitants.  The 
temporary  cartilages  are  resolved  into  a  matter  which  has  the  chemical  reactions 
of  cliondrin,  but  does  not  g-elatinise. 

The  following  analyses  are  by  Hoppe  Seyler  : 

In  100  iDarts. 
Water.  Solids. 

Organic.  Inorganic. 

Costal  Cartilage         .         .         .     67-67  30-13  2-20 

Ai-ticular  Cartilage    .         .         .     73-59  24-87  1-54 

The  ashes  from  Costal  Cartilage  were  found  to  contain  in  100  parts  : 
Sulphate  of  potash       .         .         26-66 
SuliDhate  of  soda  .         .         44-81 

Chloride  of  sodium        .         .  6-11 

Phosphate  of  soda         .  .  8-42 

Phosphate  of  lime        .         .  7-88 

Phosphate  of  magnesia         .        .  4-55 
Frommherz  and  Gugert  obtained  a  small  percentage  of  iron  and  considerable 
quantities  of  the  carbonates  of  lime  and  soda. 

Bevelopiiisnt  of  Hyaline  Cartilage. — The  parts  of  the  embryo 
which  are  about  to  become  cartilages  are  made  up  at  first  of  the  common 
embryonic  cells  from  which  the  tissues  generally  originate.  The  cell- 
contents  clear  up,  the  nucleus  becomes  more  visible,  and  the  cells, 
mostly  of  polygonal  outline,  appear  surrounded  by  clear  lines  of  pel- 
lucid substance,  forming  as  it  were  a  network  of  bright  meshes  inclosing 
them,  but  in  reality  consisting  of  the  cohering  capsules  of  the  con- 
tiguous cells,  and  constituting  all  that  exists  of  the  matrix  at  this  time.* 
(xlycogen  appears  at  an  early  period  in  the  protoplasm  of  cartilage-cells. 
Eouget  found  it  in  the  sheep's  embiyo  of  two  months,  both  in  ossifying 
cartilage  and  in  the  cartilages  of  the  trachea. 

The  subsequent  changes  consist  in  enlargement  and  multiplication 
of  the  cells  and  development  of  the  intermediate  matrix. 

The  process  is  commonly  described  as  follows,  but  it  is  necessary  to 
mention  that  all  the  successive  steps  here  described  and  represented  (see 
fig.  46)  have  not  been  actually  traced :— The  cartilage-cells  first  divide, 
a  species  of  capsule  being  formed  round  each  of  the  young  cells  (b), 
whilst  the  old  one  inclosing  them  becomes  blended  with  the  intercellular 
matrix,  and  is  no  longer  traceable  (c). 

The  new  cells,  in  turn,  divide  in  the  same  waj^  so  as  to  make  a  group 
of  four,  each  of  which  is  surrounded  by  its  own  capsule  (d),  whilst  the 
capsules  of  the  first  descent  (secondary)  blend  with  the  matrix  (e)  like 
their  predecessor. 

It  is  doubtful  how  the  capsule  is  produced  ;  whether  excreted  by  the  cell  which 
it  afterwards  incloses,  as  held  by  KoUiker ;  or  formed  by  conversion  of  a  superficial 
layer  of  the  protoplasm  of  the  cell-body,  as  taught  by  Max  Schultze ;  or  a  primarily 
independent  deposit  around  the  cells.  However  this  niaj  be,  there  is  at  fii-st  no 
matrix  but  what  is  made  up  of  the  simple  capsules.  In  fm-ther  growth  there  is 
a  difference,  according  as  the  cells  do  or  do  not  undergo  frequent  division.    In  the 

*  Cartilages,  which  retain  this  condition  througliout  life,  have  been  termed  "  iDarenchy- 
matous."  A  good  example  of  this  is  found  in  the  cartilage  of  the  mouse's  ear,  and  in 
that  which  composes  the  notochord  of  the  embryo. 
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latter  case  a  cell  becomes  surrounded  by  many  concentric  capsules  formed  in 
succession  ;  tliat  is,  the  first  capsule  is  expanded,  and  the  others  formed  each 
within  its  expanding  predecessor,  so  that  the  cartilage  comes  to  consist  of  scattered 
cells,  each  -Rith  a  concentric  system  of  capsules,  wliich  by  means  of  re-agents 
may  be  rendered  -visible  in  the  neighbourhood  of  the  cells,  but  fui'ther  ofE  are 
inseparably  blended  into  a  uniform  substance.  When,  on  the  other  hand,  the 
cells  have  a  tendency  to  frequent  subdivision,  the  new  ca^DSules  are  produced  by 


Fig.  46. 
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Fig.  46. — Ideal  Plan  op  the  Multiplication  of  Cells  of  Cartilage. 

A,  cell  in  its  capsule  ;  B,  di\"ided  into  two,  each  with  a  capsule  ;  C,  primary  capsule 
disappeared,  secondary  capsules  coherent  with  matrix  ;  D,  tertiary  division  ;  E,  secondary 
capsules  disappeared,  tertiary  coherent  with  matrix. 


the  new  cells,  and  are  included  in  and  finally  blend  with  those  which  had  be- 
longed to  the  i^revious  cells,  as  shown  by  fig.  46. 

The  matrix,  although  thus  formed  of  the  ca^jsules,  becomes  to  all  appearance 
homogeneous ;  but  in  sections  of  cartilage  that  have  been  exposed  to  acids  and 
other  re-agents,  the  contoiu'  lines  of  the  capsrdes  round  cells  and  cell-groups 
may  be  more  or  less  distinctly  brought  into  view.  But.  "n'hilst  admitting  that  the 
capsules  have  a  share  in  the  production  of  the  matrix,  KoUiker  and  some  other 
histologists  incline  to  the  opinion  that  part  of  it  is  an  independent  deposit. 
Heidenhain,  however,  found  that,  when  thin  sections  of  cartilage  are  digested 
for  twenty- four  hours  in  water,  at  fx'om  112°  to  122°  F.,  or  in  diluted  nitric  acid 
mth  chlorate  of  potash  for  a  greater  or  less  time  according  to  the  degxee  of 
dilution,  the  matrix  becomes  parted  or  marked  off  into  polygonal  areas  con-es- 
ponding  to  the  larger  groups  of  cells,  and  these  again  into  smaller  groups  or 
single  cells,  ■ndthout  any  intervening  substance  ;  the  whole  matrix  thus  ajjpearing- 
to  be  portioned  out  into  segments,  each  appertaining  to  a  larger  or  smaller  group 
of  cells,  and  in  all  probability  representing  the  aggregated  capsules  belonging 
to  them. 

The  vital  changes  "o^hich  occiu'  in  cartilage  take  place  very  slowly.  Its  mode  of 
nutrition  has  been  already  referred  to  ;  it  is  subject  to  absori^tion,  and  when  a 
portion  is  absorbed  in  disease  or  removed  by  the  knife,  it  is  not  regenerated. 
Also,  when  fractiu-ed,  as  sometimes  happens  with  the  rib-cartilages,  there  is  no 
re-union  by  cartilaginous  matter,  but  the  broken  surfaces  become  connected, 
especially  at  their  circumference,  by  fibrous  or  dense  areolar  tissue,  often  by  a 
bony  clasp.*  But,  notwithstanding  that  normally  it  is  not  regenerated,  hyaline 
cartilage  occurs  in  perfectly  characteristic  foiin  as  a  morbid  product  in  certain 
tumours. 

*  Recent  observations  tend  to  show  that,  in  animals  at  least,  the  connective  tissue 
which  in  the  first  instance  joins  the  ends  of  a  divided  rib-cartilage  eventually  becomes 
itsielf  transformed  into  true  hyaline  cartilage  (Archangelsky,  Earth.) 


CAETILAGE. 


ELASTIC  OR  YELLOW  CARTILAGE. 


Fig.  47. 


The  epiglottis  and  cornicula  of  the  larynx,  the  cartilages  of  the  ear 
and  of  the  Eustachian  tube,  differ  so  much  from  the  foregoing,  both  in 
intimate  structure  and  outward  characters,  that  they  have  been  included 

in  a  class  apart,  under  the  name  of 
the  "  elastic,"  "  yellow,"  or  "  spongy  " 
cartilages.  These  are  opaque  and  some- 
what yellow,  are  more  flexible  and  tough 
than  the  ordinary  cartilages,  and  have 
little  tendency  to  ossify.  They  are  made 
up  of  cells  and  a  matrix,  but  the  latter 
is  everywhere  pervaded  with  fibres  (fig. 
47),  except  sometimes  in  a  little  area 
or  narrow  zone  left  round  each  of  the 
cells.  These  fibres  resist  the  action  of 
acetic  acid  ;  they  are  in  most  parts 
short,  straight,  and  confusedly  intersect- 
ing each  other  in  all  directions,  like 
the  filaments  in  a  piece  of  felt ;  in  such 
parts  the  matrix  has  a  rough  mdis- 
tinctly  granular  look.  Here  and  there  the 
fibres  are  longer  and  more  fasciculated,  but  still  interlace  at  short  dis- 
tances. In  thin  sections  the  cells  readily  drop  out  from  the  matrix, 
leaving  empty  the  cavities  which  they  occupied. 

In  the  foetus  the  matrix  of  elastic  cartilage  is  at  first  homogeneous  and  hyaline, 
and  the  elastic  fibres  are  subsequently  produced  in  it.  They  appear  first  in  those 
parts  of  the  matrix  which  are  in  immediate  connection  T\'ith  the  cartilage-cells 
(Hertwig,  Deutschmann).  In  the  cartilage  of  the  external  ear  this  change  occurs 
about  the  fifth  month  of  intra-uterine  life,  and  i?  said  to  commence  in  the  more 
central  parts,  i.e.,  those  furthest  from  the  perichondrium  (Ratal-Riickhard.) 


Fig.    47. — Section    op    the    Epi 
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TERS  (Baly). 


WHITE  EIBRO-CARTILAGE. 

This  is  a  substance  consisting  of  a  mixture  of  the  fibrous  and  carti- 
laginous tissues,  and  so  far  partaking  of  the  qualities  of  both.  Like 
hyaline  cartilage,  it  possesses  firmness  and  elasticity,  but  these  pro- 
perties are  united  with  a  much  greater  degree  of  flexibility  and  tough- 
ness. It  presents  itself  under  various  forms,  which  may  be  enumerated 
under  the  following  heads. 

1.  Interarticidar  fibro-cartilages.  These  are  interposed  between  the 
moving  surfaces  of  bones,  or  rather  of  articular  cartilages,  in  several 
of  the  joints.  They  serve  to  maintain  the  apposition  of  the  opposed 
surfaces  in  their  various  motions,  to  give  ease  to  the  gliding  movement, 
and  to  moderate  the  effects  of  great  pressure.  In  the  joint  of  the  lower 
jaw  and  in  that  of  the  clavicle  they  have  the  form  of  round  or  oval 
plates,  growing  thinner  towards  their  centre ;  in  the  knee-joint  they 
are  curved  in  form  of  a  sickle,  and  thinned  away  towards  their  concave 
free  edge.  In  all  cases  their  surfaces  are  free ;  while  they  are  fixed  by 
synovial  or  fibrous  membrane  at  their  circumference  or  extremities. 
The  synovial  membrane  of  the  joint  is  prolonged  for  a  short  distance 
upon  these  fibro-cartilages,  from  their  attached  margin. 
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2.  The  articular  cavities  of  bones  are  sometimes  deepened  and  ex- 
tended by  means  of  a  rim  or  border  of  fibro-cartilage.  A  good  example 
of  one  of  these  circimfercntial  or  marginal  fibro-cartilages  is  seen  in  the 
hip-joint,  attached  round  the  lip  of  the  cotyloid  cavity. 

3.  Connecting  fibro-cartilages  are  such  as  paso  lietween  the  adjacent 
surfaces  of  bones  in  joints  which  do  not  admit  of  gliding  motion,  as  at 
the  symphysis  of  the  pubes  and  betvreen  the  bodies  of  the  vertebras. 
They  have  the  general  form  of  disks,  and  ai'e  composed  of  concentric 
rings  of  fibrous  tissue  with  cartilage  interposed ;  the  former  predomi- 
nating at  the  circumference,  the  latter  increasing  towards  the  centre. 
The  bony  surfaces  between  which  they  pass  are  usually  encrusted  Avith 
true  cartilage.  The  modifications  which  they  present  in  particular 
instances  are  described  in  the  special  anatomy  of  the  joints. 

4.  The  bony  grooves  in  which  tendons  of  muscles  glide  are  lined  with 
a  thin  layer  of  fibro-cartilage.  Small  nodules  of  this  tissue  {sesamoid 
fibro-cartilages)  may  also  be  developed  in  the  substance  of  tendons,  of 
which  there  is  an  example  in  the  tendon  of  the  tibialis  posticus,  where 
it  passes  beneath  the  head  of  the  astragalus.  Lastly,  fibro-cartilage  is 
sometimes  connected  with  muscular  tissue,  and  gives  attachment  to 
muscular  fibres,  like  that  which  is  known  to  exist  at  the  orifices  of  the 
heart. 

Fibro-cartilage  appears  under  the  microscope  to  be  made  up  of 
bundles  of  fibres,  like  those  of  ordinary  ligament,  with  cartilage-cells 
intermixed ;  but  the  proportion  of  the  two  elements  differs  much  in 
the  different  instances  above  enumerated.  In  general  the  fibrous  tissue 
very  greatly  predominates,  and  in  some  cases,  as  in  the  interarticular 
laminae  of  the  knee-joint,  it  constitutes  almost  the  entire  structure.  In 
the  intervertebral  disks  the  cartilage-corpuscles  are  abundant  towards 
the  centre  of  the  mass  where  the  cartilaginous  tissue  prevails,  and  the 
substance  is  softer. 

In  chemical  composition  this  texture  agrees  most  with  ligament, 
yielding  gelatin  when  boiled. 

Its  blood-vessels  are  very  few,  and,  according  to  Toynbee,*  are  con- 
fined to  the  parts  that  are  fibrous.  Its  vital  changes  are  slow  ;  it  is 
subject  to  absorption,  but  much  less  readily  so  than  bone ;  hence  it  is  no 
uncommon  thing  to  find  the  intervertebral  disks  entire  when  the 
adjacent  bodies  of  the  vertebras  have  been  destroyed  by  disease.  It 
has  not  much  tendency  to  ossify. 

Little  is  known  concerning  the  mode  of  development  of  fibro-cartilage. 
It  is  probable  that  the  matrix  is  at  first  hyaline  and  that  fibrous  tissue 
is  subsequently  developed  within  it,  but  W' hether  as  an  ingrowth  from 
the  perichondrium  or  not  is  not  known  with  certainty. 


B03SrE    OR   OSSEOUS   TISSUE. 

The  bones  are  the  principal  organs  of  support,  and  the  passive  in- 
struments of  locomotion.  Connected  together  in  the  skeleton,  they 
form  a  framework  of  hard  material,  which  afTords  attachment  to  the 
soft  parts,  maintains  them  in  their  due  position,  and  shelters  such  as 
are  of  delicate  structure,  giving  stability  to  the  Avhole  fabric,  and  pre- 
serving its  shape ;  and  the  difl'erent  pieces  of  the  skeleton,  being  joined 

*  Phil.  Trans.  1S41. 
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moveably  together,  serve  also  as  levers  for  executing  the  movements  of 
the  body. 

"While  substantially  consisting  of  hard  matter,  bones  in  the  living 
body  are  covered  with  periosteum  and  filled  with  marrow;  they  are 
also  pervaded  by  vessels  for  theh'  nutrition. 

Pliysical  Properties  of  Bone. — Bone  has  a  white  colour,  with  a 
pink  and  slightly  bluish  tint  in  the  living  body.  Its  hardness  is  well 
known,  but  it  also  possesses  a  certain  degree  of  toughness  and  elasticity ; 
the  last  property  is  peculiarly  well  marked  in  the  ribs.  Its  specific 
gravity  is  from  1-87  to  1-97. 

Chemical  Composition. — Bone  consists  of  an  earthy  and  an  animal 
part,  intimately  combined  together;  the  former  gives  hardness  and 
rigidity,  the  latter  tenacity,  to  the  osseous  tissue. 

The  earthy  part  may  be  obtained  separate  by  calcination.  When 
bones  are  burned  in  an  open  fire,  they  first  become  quite  black,  like  a 
piece  of  burnt  wood,  from  the  charring  of  their  animal  matter ;  but  if 
the  fire  be  continued  with  free  access  of  air,  this  matter  is  entirely 
consumed,  and  they  are  reduced  to  a  white,  brittle,  chalk-like  sub- 
stance, still  preserving  their  original  shape,  but  with  the  loss  of  about 
a  third  of  their  weight.  The  earthy  constituent,  therefore,  amounts  to 
about  two-thirds  of  the  Aveight  of  the  bone.  It  consists  principally  of 
phosphate  of  lime,  with  about  a  fifth  part  of  carbonate  of  lime,  and 
much  smaller  proportions  of  fluoride  of  calcium,  chloride  of  sodium, 
and  magnesian  salts. 

The  animal  constituent  may  be  freed  from  the  earthy,  by  steeping  a 
bone  in  diluted  hydrochloric  acid.  By  this  process  the  salts  of  lime 
are  dissolved  out,  and  a  tough  flexible  substance  remains,  which,  like 
the  earthy  part,  retains  the  perfect  figure  of  the  original  bone  in  its 
minutest  details  ;  so  that  the  two  are  evidently  combined  in  the  most 
intimate  maimer.  The  animal  part  is  often  named  the  cartilage  of 
bone,  but  improperly,  for  it  differs  entirely  from  cartilage  in  structure, 
as  well  as  in  physical  properties  and  chemical  nature.  It  is  much 
softer  and  much  more  flexible,  and  by  boiling  it  is  almost  wholly 
resolved  into  gelatin.  It  may  accordingly  be  extracted  from  bones,  in 
form  of  a  jelly,  by  boiling  them  for  a  considerable  time,  especially 
under  high  pressure. 

Tlie  earthy  or  saline  matter  of  loone,  as  already  stated,  constitutes  about  two- 
tliirds  or  G6"7  per  cent.,  and  the  animal  part  one-third,  or  33'3  per  cent. ;  but  from 
observations  made  on  animals,  it  appears  that  the  proportion  of  the  several  con- 
stituents may  differ  somewhat  in  different  individuals  of  the  same  species  under 
apparently  similar  conditions.  The  proportion  of  earthy  matter  appears  to 
increase  for  some  time  after  birth,  and  is  considerably  greater  in  adults  than  in 
infants  ;  but,  from  the  varying  conditions  of  individuals  as  to  health  and  nutri- 
tion in  after  life,  there  is  as  yet  no  thoroughly  comparable  series  of  experiments 
to  determine  whether  any  constant  difference  exists  in  old  age.  Moreover,  it  is 
not  clearly  established  that  the  differences  observed  depend  on  the  composition  of 
the  proper  osseous  substance  ;  for  the  larger  proportion  of  animal  matter  in 
infancy  may  be  due  to  the  greater  vascularity  of  infantile  bones  and  the  difficulty 
of  thoroughly  removing  the  vessels  from  their  pores.  The  spongy  osseous  tissue, 
carefully  freed  from  fat  and  adhering  membranous  matter,  has  been  found  to 
contain  rather  less  earth  than  the  compact  substance  ;  and,  in  accordance  with 
this  result,  differences,  although  on  the  whole  insig-nificant,  have  been  found  in 
different  bones  of  the  skeleton,  apjDarently  depending  on  the  relative  amount  of 
their  compact  and  spongy  tissue.  (Eees,  Von  Bibra,  Alphonse  Milne-Edwards.) 
Here  again  it  remains  to  be  shown  that  the  result  is  not  due  to  differences  in  the 
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proportion  of  minute  pores  and  lacivase,  wMcli   contain  soft  matter  scarcely 
separable  in  sucli  experiments. 

Subjoined  are  tbe  statements  of  two  analyses.  The  one,  by  Berzelius,  is  well 
known  ;  the  other,  which  nearly  agi-ees  with  it,  was  performed  by  Middleton,  in 
the  laboratory  of  University  College* 

BerzeUus.    Middleton. 

Animal  matter     ........     33-30 

Phosphate  of  lime        ....... 

Carbonate  of  lime         ....... 

Fluoride  of  calcium      ....... 

Magnesia,  whoUy  or  pai-tiaUy  in  the  state  of  phosphate 

Soda  and  chloride  of  sodium         ..... 

In  the  compact  substance  of  a  femur  that  had  been  long  buried,  Aeby  found 
only  16-5  per  cent,  of  animal  matter. 

The  phosphate  of  lime  is  peculiar,  and  passes  in  chemistry  under  the  name  of 
the  "  bone-earth  phosphate."  It  is  a  tribasic  phosphate.  Von  Bibra  and  A. 
Milne-Edwards  f  found  the  proportion  of  the  carbonate  of  lime  to  the  phosphate 
greater  in  spongy  than  in  compact  tissue,  and  less  in  infantile  bones  generally 
than  in  those  of  adults.  The  fluoride  of  calcium  is  found  in  larger  quantity  in 
fossil  than  in  recent  bones. 

Structure. — On  sawing  up  a  bone,  it  will  be  seen  that  it  is  in  some 
parts  dense  and  close  in  texture,  appearing  like  ivory ;  in  others  open 
and  reticular:  and  anatomists  accordingly  distinguish  two  forms  of 
osseous  tissue,  viz.,  the  comjMcf,  and  the  sjjongy  or  cancellated.  On 
closer  examination,  however,  especially  with  the  aid  of  a  magnifying 
glass,  it  will  be  found  that  the  bony  matter  is  everywhere  porous  in  a 
greater  or  less  degree,  and  that  the  difference  between  the  two  varieties 
of  tissue  depends  on  the  different  amount  of  solid  matter  compared 
with  the  size  and  number  of  the  open  spaces  in  each;  the  cavities  being 
very  small  in  the  compact  parts  of  the  bone,  with  much  dense  matter 
between  them ;  whilst  in  the  cancellated  texture  the  spaces  are  large, 
and  the  intervening  bony  partitions  thin  and  slender.  There  is,  accord- 
ingly, no  abrupt  limit  between  the  two, — they  pass  into  one  another  by 
degrees,  the  cavities  of  the  compact  tissue  widening  out,  and  the  reti- 
culations of  the  cancellated  becoming  closer  as  they  approach  the  parts 
where  the  transition  takes  place. 

In  all  bones,  the  part  next  the  surface  consists  of  compact  substance, 
which  forms  an  outer  shell  or  crust,  whilst  the  spongy  texture  is  con- 
tained within.  In  a  long  bone,  the  large  round  ends  are  made  up  of 
spongy  tissue,  with  only  a  thin  coating  of  compact  substance ;  in  the 
hollow  shaft,  on  the  other  hand,  the  spongy  texture  is  scanty,  and  the 
sides  are  chiefly  formed  of  compact  bone,  which  increases  in  thickness 
from  the  extremities  towards  the  middle,  at  which  point  the  girth  of 
the  bone  is  least,  and  the  strain  on  it  greatest.  In  tabular  bones,  such 
as  those  of  the  skull,  the  compact  tissue  forms  two  plates,  or  tables,  as' 
they  are  called,  inclosing  between  them  the  spongy  texture,  which  in 
such  bones  is  Usually  named  difploe.  The  short  bones,  like  the  ends  of 
the  long,  are  spongy  throughout,  save  at  their  surface,  where  there  is  a 
thin  crust  of  compact  substance.  In  the  complex  or  mixed  bones,  such  as 
the  vertebrae,  the  two  substances  have  the  same  general  relation  to  each 
other ;  but  the  relative  amount  of  each  in  different  parts,  as  well  as 
their  special  arrangement  in  particular  instances,  is  very  various. 

*  Philosophical  Magazine,  vol.  xxv.,^p.  18. 
+  Ann.  des  Sc.  Nat.  4me  Serie,  vol.  xiii.,  1860. 
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On  close  inspection  the  cancellated  texture  is  seen  to  be  formed  of 
slender  bars  or  spicula  of  bone  and  thin  lamellse,  which  meet  together 
and  join  in  a  reticular  manner,  producing  an  open  structure  which  has 
been  compared  to  lattice-work  {cancelU),  and  hence  the  name  usually 
applied  to  it.  In  this  way  considerable  strength  is  attained  without 
undue  weight,  and  it  may  usually  be  observed  that  the  strongest  laminte 
run  through  the  structure  in  those  directions  in  which  the  bone  has 
naturally  to  sustain  the  greatest  pressure.  The  open  spaces  or  areolae 
of  the  bony  network  communicate  freely  together ;  in  the  fresh  state 
they  contain  marrow  or  blood-vessels,  and  give  support  to  these  soft 
parts. 

Fi-.  48. 


Fig.  48. — A,  Transverse  Section  of  a  Bone  (uiNA)  deprived  op  its  earth  by 

ACID. 

The  openings  of  tlie  Haversian  canals  seen.  JSTatural  size.  A  small  portion  is  sliaded 
to  indicate  the  iDart  magnified  in  Fig.  B. 

B,  Part  op  the  Section  A,  magnified  20  diameters. 

The  lines  indicating  the  concentric  Iamella2  are  seen,  and  among  them  the  lacunEe  appear 
as  little  dark  specks. 

The  compact  tissue  is  also  full  of  holes  ;  these,  which  are  very  small, 
are  best  seen  by  breaking  across  the  shaft  of  a  long  bone  near  its 
middle  and  examining  it  with  a  common  magnifying  glass.  Numerous 
little  round  apertures  (fig.  48  a)  may  then  be  seen  on  the  broken 
surface,  which  are  the  openings  of  short  longitudinal  passages  running 
in  the  compact  substance,  and  named  the  Haversian  canals,  after 
Clopton  Havers,  an  English  physician  and  writer  of  the  seventeenth 
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century,  who  more  especially  called  attention  to  them.  Blood-vessels 
run  in  these  canals,  and  the  widest  of  them  also  contain  marrow.  They 
are  from  -^ ^'^ ^th  to  -jT^oth  of  an  inch  in  diameter:  there  are  some 
no  more  than  -ao^o-oth,  but  these  are  rare ;  the  medium  size  is  about 
-gig-th.  The  widest  are  those  nearest  the  medullary  cavity,  and  they 
much  smaller  towards  the  circumference  of  the  bone.  They  are 
quite  short,  as  may  be  seen  in  a  longitudinal  section,  and  somewhat 
crooked  or  oblique  at  their  ends,  where  they  ft-eely  open  into  one 
another,  their  oblique  communications  connecting  them  both  longi- 
tudinally and  laterally.  Those  also  which  are  next  the  circumference 
of  the  bone,  open  by  minute  pores  on  its  external  surface,  and  the 
innermost  ones  open  widely  into  the  medullary  cavity;  so  that  these 
short  channels  collectively  form  a  sort  of  irregular  network  of  tubes 
running  through  the  compact  tissue,  in  which  the  vessels  of  that  tissue 
are  lodged,  and  through  the  medium  of  which  these  vessels  commu- 
nicate together,  not  only  along  the  length  of  the  bone,  but  from  its 
surface  to  the  interior  through  the  thickness  of  the  shaft.  The  canals 
of  the  compact  tissue  in  the  other  classes  of  bones  have  the  same 
general  characters,  and  for  the  most  part  run  parallel  to  the  surface. 

On  viewing  a  thin  transverse  section  of  a  long  bone  with  a  micro- 
scope of  moderate  power,  especially  after  the  earthy  part  has  been 
removed  by  acid  (fig.  48  B),  the  opening  of  each  Haversian  canal 
appears  to  be  surrounded  by  a  series  of  concentric  rings.  This  ap- 
pearance is  occasioned  by  the  transverse  sections  of  concentric  lamellas 
which  surround  the  canals.  The  rings  are  not  all  complete,  for  here 
and  there  one  may  be  seen  ending  between  two  others.  In  some  of  the 
sets,  the  rings  are  nearly  circular,  in  others  oval, — differences  which 
seem  mostly  to  depend  on  the  direction  in  which  the  canal  happens  to 
be  cut :  the  aperture  too,  may  be  in  the  centre,  or  more  or  less  to  one 
side,  and  in  the  latter  case  the  rings  are  usually  narrower  and  closer 
together  on  the  side  towards  which  the  aperture  deviates.  Again,  some 
of  the  apertures  are  much  lengthened  or  angular  in  shape,  and  the 
lamellfe  surrounding  them  have  a  corresponding  disposition.  Besides 
the  lamellfe  surrounding  the  Haversian  canals,  there  are  others  disposed 
conformably  with  the  circumference  of  the  bone  (fig.  48  b,  a),  and 
which  may  therefore  be  said  to  be  concentric  wdth  the  medullary  canal ; 
some  of  these  are  near  the  surface  of  the  bone,  others  run  between  the 
Haversian  sets,  by  which  they  are  interrupted  in  many  places.  Lastly, 
in  various  parts  of  the  section,  lines  are  seen  which  indicate  lamella, 
differing  in  direction  fi-om  both  of  the  above-mentioned  orders.  As  to 
the  circumferential  laminte,  Tomes  and  De  Morgan  state  that  they  are 
by  no  means  so  common  as  is  generally  supposed ;  further,  that  they 
are  most  conspicuous  in  bones  of  full  growth,  in  which,  consequently, 
nutritive  changes  proceed  slowly ;  and  that  their  presence  may  be  made 
the  means  of  determining,  within  certain  limits,  the  age  at  which  a 
bone  has  arrived. 

The  appearance  in  a  longitudinal  section  of  the  bone  is  in  harmony 
with  the  account  above  given  :  the  sections  of  the  lamellas  are  seen  as 
straight  and  parallel  lines,  running  in  the  longitudinal  direction  of 
the  bone,  except  when  the  section  happens  to  have  passed  directly  or 
slantingly  across  a  canal ;  for  wherever  this  occurs  there  is  seen,  as  in 
a  transverse  section,  a  series  of  rings,  generally  oval  and  much  lengthened 
on  account  of  the  obliquity  of  the  section. 
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The  caucellated  texture  has  essentially  the  same  lamellar  structure. 
The  slender  bony  walls  of  its  little  cavities  or  areolce  are  made  up  of 
superimposed  lamelte,  like  those  of  the  Haversian  canals  (fig.  48  b,  I}, 
only  they  have  fewer  lamellse  in  proportion  to  the  width  of  the  cavities 
which  they  surround  ;  and,  indeed,  the  relative  amount  of  solid  matter 
and  open  space  constitutes,  as  already  said,  the  only  difference  between 
the  two  forms  of  bony  tissue  ;  the  intimate  structure  of  the  solid  sub- 
stance and  the  manner  of  its  disposition  round  the  cavities  being- 
essentially  the  same  in  both. 

Besides  the  openings  of  Haversian  canals  as  above  described,  a  trans- 
verse section  of  the  compact  bone  now  and  then  presents  vacuities  or 
spaces  formed  by  absorption  of  the  tissue.  These  are  named  "  Haversian 
spaces  "  by  Tomes  and  De  Morgan,  who  first  showed  that  they  occur 
not  only  in  growing  bone  but  at  all  periods  of  life.  In  their  primitive 
condition  these  cavities  are  characterised  by  an  irregular  or  eroded 
outline,  and  their  formation  by  absorption  is  further  indicated  by  their 
encroaching  on  the  adjacent  groups  of  concentric  lamellEe,  which  have 
been,  as  it  were,  eaten  away  to  a  greater  or  less  extent  to  give  place  to 
the  new  cavity.  In  another  stage  the  spaces  in  question  are  lined  by 
new-formed  lamellas,  which  may  as  yet  be  confined  to  the  peripheral 
part  of  the  vacuity,  or  may  fill  it  up  in  a  concentric  series,  leaving  a 
Haversian  aperture  in  the  middle,  and  in  fact,  constituting  a  system  of 
concentric  Haversian  lamellae,  interpolated  or  intruded  among  those  pre- 
viously existing.  The  concentric  lamellse,  which  thus  come  to  occupy 
a  greater  or  less  extent  of  the  area  of  the  cavity,  are  of  course  bounded 
exteriorly  by  segments  of  adjoining  sets  of  Haversian  lam.ell£e,  which 
have  been  more  or  less  cut  in  upon  in  the  excavation  of  the  space.  Ifc 
has  been  farther  observed  by  Tomes  and  De  Morgan,  that  vacuities 
may  sometimes  be  seen  wdiich  are  being  filled  up  at  one  part  by  the 
deposition  of  lamellse,  Avhilst  they  are  extending  themselves  by  absorp- 
tion at  another.  The  Haversian  spaces  are  most  numerous  in  young  and 
growing  bones  ;  but,  as  already  stated,  they  occur  also  after  growth  is 
completed.  Their  origin  and  changes  will  be  better  understood  after  the 
reader  has  perused  the  account  of  the  growth  and  development  of  bone, 
to  which  head,  indeed,  the  subject  more  properly  belongs,  although  it 
has  seemed  expedient  to  introduce  it  here. 

All  over  the  section  numerous  little  dark  specks  are  seen  among  the 
lamellse.  These  were  named  the  "  osseous  corpuscles  ; "  but  as  it  is  now 
known  that  they  are  in  reality  minute  cavities  existing  in  the  bony  sub- 
stance, the  name  of  lacunae  has  since  been  more  fittingly  applied  to 
them.  To  see  the  lacunse  properly,  however,  sections  of  unsoftened 
bones  must  be  prepared  and  ground  very  thin,  and  a  magnifying  power 
of  from  200  to  300  must  be  employed.  Such  a  section,  viewed  with 
transmitted  light,  has  the  appearance  represented  in  fig.  49.  The 
openings  of  the  Haversian  canals  are  seen  with  their  encircling  lamellse, 
and  among  these  the  corpuscles  or  lacunge,  which  are  mostly  ranged  in 
a  corresponding  order,  appear  as  black  or  dark  brown  and  nearly 
opaque  oblong  spots,  with  fine  dark  lines  extending  from  them  and 
causing  them  to  looli  not  unlike  little  black  insects  ;  but  when  the 
same  section  is  seen  against  dark  ground,  with  the  light  falling  on  it  (as 
we  usually  view  an  opaque  object),  the  little  bodies  and  lines  appear 
quite  white,  like  figures  drawn  with  chalk  on  a  slate,  and  the  inter- 
mediate substance,  being  transparent,  now  appears  dark. 
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The  lacunse,  as  already  stated,  are  minute  recesses  in  the  bone,  and 
the  lines  extending  from  them  are  fine  pores  or  tubes  named  ''  canaliculi," 
which  issue  from  their  cavity.  The  lacunse  present  some  variety  of 
figure,  but  in  such  a  section  as  that  represented  they  for  the  most  part 
appear  irregularly  fusiform,  and  lie  nearly  in  the  same  direction  as  the 
lamellae  between  which  they  are  situated  ;  or,  to  speak  more  correctly, 

ma:.  49. 


Pig.  49. — Transverse  Section  of  Compact  Tissue  (of  humerus)  magnified  about 

150    DIAMETERS. 

Three  of  the  Haversian  canals  are  seen,  with  their  concentric  rings  ;  also  the  coi-puscles 
or  lacunse,  with  the  canaliculi  extending  from  them  across  the  direction  of  the  lamellse. 
The  Haversian  apertures  had  become  filled  with  debris  in  grinding  down  the  section,  and 
therefore  appear  black  in  the  figure,  which  represents  the  object  as  viewed  with  trans- 
mitted liffht. 


the  little  cavities  are  flattened  and  extended  conformably  with  the 
lamellae  ;  for  when  the  bone  is  cut  longitudinally,  their  sections  still 
appear  fusiform  and  lengthened  out  in  the  direction  of  the  lamellae. 
The  canaliculi,  on  the  other  hand,  pass  across  the  lamellse,  and  they 
communicate  with  those  proceeding  from  the  next  range  of  lacunse,  so 
as  to  connect  the  little  cavities  with  each  other ;  and  thus  since  the 
canaliculi  of  the  most  central  range  open  into  the  Haversian  canal,  a 
system  of  continuous  passages  is  established  by  these  minute  tubes  and 
their  lacuna,  along  which  fluids  may  be  conducted  from  the  Haversian 
canal  through  its  series  of  surrounding  lamella  ;  indeed,  it  seems 
probable  that  the  chief  purpose  of  these  minute  passages  is  to  allow 
nutrient  matter  to  be  conveyed  from  the  vascular  Haversian  canals 
through  the  mass  of  hard  bone  which  lies  around  and  between  them. 
In  like  manner  the  canaliculi  open  into  the  great  medullary  canal, 
and  into  the  cavities  of  the  cancellated  texture  ;  for  in  the  thin 
bony  parietes  of  these  cavities  lacunee  are  also  contained ;  they 
existj    indeed,   in    all    parts  of   the    bony   tissue.     As  first  shown 
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Fig.  50. 


by  Virchow,  each  lacuna  is  occupied  by  a  nucleated  cell,  or  soft 
corpuscle,  which  sends  branches  along  the  canaliculi ;  and  later 
observers  (Eouget,  I^eumann,)  state  that  they  have  been  able  to  detach 
the  proper  osseous  wall  of  the  lacuna  and  its  appertaining  canaliculi 
after  decalcification,  and  to  obtain  it  separate  with  its  included  corpuscle. 
It  can  scarcely  be  doubted  that  the  protoplasm  of  the  nucleated  cor- 
puscle takes  an  important  share  in  the  nutritive  process  in  bone,  and 
very  probably  serves  both  to  modify  the  nutritive  fluid  supplied  from 
the  blood  and  to  farther  its  distribution  through  the  lacunar  and  canali- 
cular system  of  the  bony  tissue.  Yirchow  considers  that  the  corpuscles, 
of  bone  are  homologous  with  those  of  connective  tissue  :  to  this  it  may 
be  added  that  the  enclosing  lacunae  and  canaliculi  may  be  looked  upon 
as  corresponding  to  the  cell-spaces  (Saft-canalchen)  of  that  tissue. 

To  return  to  the  lamellse.  With  a  little  pains,  thin  films  may  be 
peeled  off  in  a  longitudinal  direction  from  a  piece  of  bone  that  has  been 
softened  in  acid.  These  for  the  most  part  consist  of  several  laminae,  as 
may  be  seen  at  the  edge,  where  the  different  layers  are  usually  torn  un- 
equally, and  some  extend  farther  than  others.  Examined  in  this  way, 
under  the  microscope,  the  lamellae  are  seen  to  be  perforated  with  fine 
apertures  placed  at  very  short  distances  apart.  These  apertures  were 
described  by  Deutsch,*  but  they  have  not  much  attracted  the  notice 
of  succeeding  observers  ;  they  appear  to  be  the  transverse  sections 
of  the  canaliculi  already  described,  and  their 
relative  distance  and  position  accord  sufficiently 
with  this  explanation.  According  to  this  view, 
therefore,  the  canaliculi  might  (in  a  certain 
sense)  be  conceived  to  result  from  the  apposi- 
tion of  a  series  of  perforated  plates,  the  aper- 
tures of  each  plate  corresponding  to  those  of 
the  plates  contiguous  with  it;  in  short,  they 
might  be  compared  to  holes  bored  to  some 
depth  in  a  straight  or  crooked  direction  through 
the  leaves  of  a  book,  in  which  case  it  is  plain 
that  the  perforations  of  the  adjoining  leaves 
would  correspond ;  it  being  understood,  how- 
ever, that  the  passages  thus  formed  are  most 
likely  bounded  by  proper  parietes.  The  aper- 
tures now  referred  to  must  be  distinguished 
from  larger  holes  seen  in  some  lamella?,  which 
give  passage  to  the  perforating  fibres  to  be 
mentioned  further  on. 

But  the  lamellae  have  a  further  structure. 
To  see  this,  the  thinnest  part  of  a  detached 
shred  or  film  must  be  examined,  as  shown  in 
figs.  50  and  52  ;  it  will  then  appear  plainly 
that  they  are  made  up  of  transparent  fibres, 
decussating  with  each  other  in  the  form  of  an 
exceedingly  fine  network.  The  fibres  intersect 
obliquely,  and  they  seem  to  coalesce  at  the 
points  of  intersection,  for  they  cannot  be  teased  out  from  one 
another ;  but  at  the  torn  edge  of  the  lamella  they  may  often  be  seen 


Fig.    50.  —  Thin   Latek 

PEELED  OEF  PROM  A  SOFT- 
ENED Bone,  as  it  appeaks 

UNDER        A        3UGNIFTING 
POWER    OP    400. 

This  figure,  which  is  in- 
tended to  represent  the  reti- 
cular structure  of  a  lamella, 
gives  a  better  idea  of  the 
object  when  held  rather 
farther  off  than  usual  from 
the  eye. 


De  Penitiori  Ossium  Structura.     Wratisl.  1834,  p.  17,  Fig.  6. 
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separate  for  a  little  way,  standing  out  like  the  threads  of  a  fi'inge. 
Most  generally  they  are  straight,  as  represented  in  the  figure  ;  but  they 
are  not  always  so,  for  in  some  parts  they  assume  a  curvilinear  direction. 
Acetic  or  hydrochloric  acid  causes  these  fibres  to  swell  up  and  become 
indistinct,  like  the  white  fibres  of  connective  tissue  ;  care  must  there- 
fore be  taken  in  their  examination  that  the  remains  of  the  decalcifying 
acid  be  removed  from  the  tissue,  by  maceration  in  water  or  in  solution 
of  an  alkaline  carbonate.  Moreover,  the  fibro-reticular  structure  is  not 
equally  distinct  in  all  parts  where  its  presence  is  recognisable  ;  for  in 
some  places  it  is  less  decidedly  marked,  as  if  the  fibrillation  were  incom- 
pletely developed. 

In  many  instances  the  lamellEe  are  perforated  by  fibres,  or  rather 
bundles  of  fibres,  which  pass  through  them  in  a  perpendicular,  or 
oblique  direction,  and,  as  it  were,  bolt  them  together.  These  perforating 
fibres  may  be  seen,  with  the  aid  of  the  microscoj)e,  in  a  thin  transverse 
slice  of  a  decalcified  cylindrical  or  cranial  bone,  on  pulling  asunder  the 
sections  of  the  lamellae  (as  in  fig.  51).  In  this  way  some  lam ellaa  will 
generally  be  observed  with  fibrous  processes  attached  to  them  (fig.  51  h) 
of  various  lengths,  and  usually  tapering  and  pointed  at  their  free  ex- 
tremities, but  sometimes  truncated — probably  from  having  come  in  the 
Avay  of  the  knife.  These  fibres  have  obviously  been  drawn  out  from 
the  adjacent  lamella,  through  several  of  which  they  must  have  pene- 
trated. Sometimes,  indeed,  indications  of  perforations  may  be  recog- 
nised in  the  part  of  the  section  of  bone  from  which  the  fibres  have  been 
pulled  out  (fig.  51  c).     The  processes  in  question  are  thus,  so  to  speak, 

Fig.  51. 


Fig.   51. — Magkified  Yiew   of  a  Perpendicular    Section   through    the   External 
Table  of  a  Human  Parietal  Bone,  decalcified. 

At  a,  perforating  fibres  in  their  natural  situation  ;  at  5,  others  drawn  out  by  separa- 
tion of  the  lamelliB ;  at  c,  the  holes  or  sockets  out  of  which  they  have  been  drawn  (H. 
MiiUer). 


viewed  in  profile  ,•  but  they  may  frequently  also  be  seen  on  the  flat  sur- 
face of  detached  lamellae,  projecting  like  nails  driven  perpendicularly 
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or  slantingly  through  a  board  (fig.  52,  c);  -vrhilst  the  lamellae  at 
other  parts  present  obvious  apertures  of  considerable  size,  through 
which  perforating  fibres  had  passed  (as  at  a). 

These  perforating  fibres  exist  very  generally  in  the  bones  of  vertebrata.  The 
late  Henry  Miiller,  of  Wiirzburg,  has  supplied  many  details  respecting  their 
arrangement  in  man  and  mammalia.*  KoUiter  considers  them  to  be  connected 
with  the  periosteum,  and  this,  no  doubt,  is  the  case  mth  some  of  them — some  of 
those,  for  example,  which  penetrate  the  external  table  of  the  cranial  bones  ;  but 
in  cross  sections  of  cylindiical  bones  they  often  appear  to  spring,  with  their  broad 
ends,  from  the  deeper  lamellse,  and  taper  outwards  into  fine  points,  which  do 
not  reach  the  periosteum  ;  although  without  doubt  they  must,  like  the  bony 
layers  in  which  they  occur,  have  been  formed  by  subperiosteal  ossification.  They 
are  rarely  found,  and  when  present  are  smaller,  in  the  concentric  systems  of 
Haversian  lamellse ;  in  this  case  they  must  of  course  have  been  formed  from 
the  osteoblastic  tissue  (similar  in  nature  to  that  under  the  periosteum)  which 
occupied  the  medullary  spaces  and  produced  the  concentric  laminje.  Perforating 
fibres  exist  abundantly  in  the  cmsta  j^etrosa  of  the  teeth. 

Fig.   52. 


Fig.   52. — Lajiell.e    toen    off   froji    a   Decalcified    Human    Parietal    Bone   at 

SOME   DEPTH    FROM    THE    SuKFACE. 

a,  a  lamella,  sliowing  reticular  iibres  ;  h,  h,  darker  part,  where  several  lamella  are 
superposed;  c,  c,  perforating  fibres.  Apertures  through  which  perforating  fibres  had 
passed,  are  seen  especially  in  the  lower  part,  a,  a,  of  the  figure.  Magnitude  as  seen 
under  a  power  of  200,  but  not  drawn  to  a  scale  (from  a  drawing  by  Allen  Thomson). 


The  perforating  fibres,  or  rather  bundles  of  fibres,  for  the  most  part  agi'ee  in 
character  with  the  white  fibrous  tissue,  but  some,  according  to  H.  Miiller,  are  of 
the  nature  of  elastic  tissue.  H.  Miiller  has  showTi  that  in  some  parts  the  fibres 
escape  calcification,  and  thus,  as  they  shrink  in  drying,  leave  tubes  or  channels 
in  the  dry  bone,  generally  leading  from  the  sm-face  inwardly.  In  this  way  he 
explains  the  nature  and  mode  of  production  of  the  "  tubes  "  described  by  Tomes 
and  De  Morgan  as  penetrating  the  bone  in  certain  situations,  and  conjectured  by 
them  to  be  modified  lacunse.f    There  can  be  no  doubt  of  the  correctness  of 

*  Wiirzburger  Naturw.  Zeitschr.,  vol.  i.,  p.  296. 
t  Phil.  Trans.  1853,  p.  116. 
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Miillei  "s  explanation  :  at  the  same  time  it  is  equally  certain  that  nncalcified  fibres, 
though  numerous  at  particular  spots,  are  by  no  means  so  frequent  as  might  be 
inferred  from  MiiUer's  account  of  them,  and  that  the  perforating  fibres  may  be 
said  to  be  generally  calcified.  Finally,  these  fibres  seem  to  have  no  physiological 
significance  :  they  may  be  regarded  as  merely  a  modification  of  the  mechanical 
structm-e  of  the  tissue. 

In  a  thin  transverse  section  of  hard  bone,  the  concentric  lines,  or  rather  bands 
which  represent  the  cut  edges  of  the  lamellEC,  generally  present,  with  transmitted 
light,  a  dark  granular-looking,  and  a  light,  transparent,  and  usually  naiTower 
zone.  Under  a  high  power  of  the  microscope  the  former  appears  thickly  dotted 
over  with  fine  dark  ijoints.  In  a  decalcified  section  the  dark  part  shows  a 
multitude  of  short  blight  lines  running  radially  across  it,  with  dark  ang-ular 
particles  between  them.  Tlie  lines  are  probably  caused  by  pores  and  fine  clefts 
passing  through  the  lamella  ;  the  appearance  of  dark  particles  seems  to  be  pro- 
duced by  the  cut  ends  of  the  reticulating  fibres  of  which  the  lamellfe  are  made 
up.  A  longitudinal  section  of  a  cylindrical  bone  caiiied  across  the  lamella3  pre- 
sents a  coiTesponding  appearance,  for  as  the  fibres  run  more  or  less  obliquely  to 
the  axis  of  the  bone,  they  present  cut  ends  in  a  longitudinal  section  also. 

It  thus  appears  that  the  animal  basis  of  bone  is  made  up  of  lamelliB 
composed  of  fine  reticular  fibres  ;  but  interposed  among  these  lamellae, 
layers  are  here  and  there  met  with  of  a  different  character,  viz. : — 

1.  Strata  of  amorphous  or  gi'anular  aspect,  in  which  the  lacunas  are  very  con- 
spicuous and  regaxlarly  an-anged,  and  sometimes  appearing  as  if  surrounded  by 
faintly  defined  areola.  These  generally  incomplete  layers  are  often  bounded  by  a 
scalloped  border,  as  if  made  up  of  confiuent  round  or  oval  bodies  ;  this  is  indi- 
cated also  by  the  occasional  occurrence  of  oval  or  flattened  spheroidal  bodies 
singly  or  in  small  groups  near  the  border  of  these  layers,  each  with  a  cavity  in 
the  centre.  In  fact,  if  the  round  bodies  shown  in  figure  53  had  a  central  cavity, 
they  would  very  well  represent  the  objects  here  referred  to.  In  some  pai-ts  the 
gi-anular  substance  is  obscurely  fibrous,  and  transitions  may  be  observed  to  the 
well-marked  reticular  laminse.  The  layers  described  appear  principally  to  occur 
near  the  siu'face  of  the  compact  tissue,  and  at  the  cii'cumference  of  many  of  the 
systems  of  concentric  Haversian  lamellje. 

2.  Irregular  layers  of  rounded  bodies,  apparently  solid  and  without  central 
cavity  or  mark,  well  represented  in  figure  53,  which  is  after  a  dra-ning  from 
nature  by  Dr.  A.  Thomson.  These  layers  are  met  with  chiefly  near  the  surface  of 
the  shaft  of  long  bones,  lying  among  the  circumferential  laminee,  and  apparently 
forming  only  part  of  a  cii'cuit.  They  can  occasionally  be  recognised  in  a  trans- 
verse section  as  shoit  curvilinear  bands  of  pecuxiar  aspect,  broader  in  the  niiddJe 
and  thinning  away  at  the  ends,  appearing  here  and  there  between  the  cut  edges 
of  t^w'o  ordinary  circumferential  laminEe. 

The  appearances  described  under  1  and  2,  and  especially  the  last,  as  represented 
in  fig.  53,  may  be  accounted  for  by  the  explanation  offered  by  Professor  C. 
Loven,  of  Stockholm,  on  seeing  the  figure  and  specimens  ;  viz.,  that  the  sur- 
face covered  apparently  with  globular  bodies,  single  or  in  botryoidal  groups, 
is  really  a  cast  in  relief  from  a  contiguous  surface  of  bone  that  has  been 
excavated  by  absorption.  It  is  known  that  in  the  growth  of  a  bone  absoi-ption 
occui-s  at  various  parts,  and  is  often  followed  by  fresh  ossific  deposition  ;  as,  for 
example,  in  the  excavation  and  subsequent  filling  up  of  the  Haversian  spaces. 
The  absorption  in  such  cases  is  a  healthy  process,  but  the  absorbed  surface  is.  as 
in  absorption  from  disease,  eroded  or  scooped  out  into  sinuous  hollows,  the  larger 
of  which  are  again  carved  on  the  inside  into  smaller  rounded  pits  (foveolas).  New 
osseous  matter  deposited  on  such  a  surface  fills  up  its  hollows,  and,  when  the 
new  layer  is  detached,  it  exhibits  a  raised  impression  corresponding  with  them.* 

*  Two  observations  "which  I  have  had  occasion  to  make  favour  this  explanation.  A 
cross  section  of  a  (large)  serpent's  rib  shows  an  outer  and  an  inner  series  of  concentric 
lamellje  surrounding  the  medullary  canal,  and  the  inner  trenchss  on  the  outer  by  a  festooned 
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Fig.  53. — Portion  of  a  Nodulated  Laster  op  Bone-Tissue   from  near  the   surface 
OF  THE  Shaft  of  a  Decalcified  IIujvierus. 

At  one  side  shreds  of  fibrous  lamellae  are  seen  in  the  figure.     Magnified  300 
diameters. 

Ossified  cartilage  is  found  on  tbe  articular  ends  of  adult  bones, 
lying  underneath  the  natural  cartilage  of  the  joint,  both  in  the  move- 
able articulations  and  in  symphyses,  and  is  in  fact  the  deeper  part  of 
the  cartilage  which  has  been  encroached  upon  by  the  calcifying  process. 

border  such  as  often  bounds  a  series  of  Haversian  rings.  Now,  in  the  decalcified  rib,  it  is 
easy  to  peel  off  the  inner  from  the  outer  layers,  and  the  detached  surface  of  the  foimer 
shows  a  number  of  oval  eminences,  some  with  one,  others  with  tivo,  three,  or  more  lacunae 
in  their  substance  ;  whilst  what  was  the  contiguous  surface  of  the  outer  layers  has  exca- 
Tations  that  correspond.  Again,  in  the  grinding  tooth  of  the  horse,  the  surface  of  the 
crusta  petrosa  which  is  contiguous  to  the  dentine  or  to  the  enamel,  is  marked  over  with 
spheroidal  bodies  having,  in  decalcified  specimens,  very  much  the  appearance  represented 
in  Fig.  53,  but  most  of  them  Avith  one  or  more  lacuna-like  cavities  within.  They 
look  very  like  distinct  globules,  and  were  described  by  Czermak  as  calcified  cells  contain- 
ing lacunfe  ;  but  on  carefully  viewing  the  decalcified  layer  in  profile-sections  and  otherwise, 
I  am  led  to  the  conclusion  that  they  are  mammillary  elevations  of  the  surface,  continuous 
by  their  (sometimes  contracted)  bases  with  the  general  substance.  The  enamel  is  destroyed 
in  the  decalcification,  but  the  surface  of  the  dentine  of  the  cervix  and  root  from  which  the 
mammillated  layer  of  crusta  petrosa  has  been  detached,  is  found  to  be  excavated  in  a 
manner  to  correspond  with  it ;  an  arrangement  well  calculated  to  secure  their  mutual 
connection,     [w.s.] 
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The  animal  basis  is  here,  however,  of  a  totally  different  nature  from 
that  of  the  bone  beneath  ;  for,  when  the  earthy  matter  is  extracted 
by  means  of  an  acid,  the  tissue  which  remains  has  all  the  characters  of 
cartilage. 

As  to  the  mode  in  which  the  earthy  matter  is  connected  with  the 
animal  substance,  we  know  that  the  combination  is  very  intimate,  but 
the  manner  in  which  it  is  effected  is  not  fully  understood  ;  probably 
there  is  a  chemical  union  between  the  collogenous  matter  and  the  earthy 
salts. 

The  periosteum,  as  already  stated,  is  a  fibrous  membrane  which 
covers  the  bones  externally.  It  adheres  to  them  very  firmly,  and  in- 
vests every  part  of  their  surface,  except  where  they  are  covered  with 
cartilage  or  connected  to  other  bones  by  fibro-cartilage.  According  to 
Kolliker  it  is  composed  of  two  different  layers ;  the  outer,  consisting  of 
white  fibres,  and  containing  occasional  fat-cells,  is  the  means  of  sup- 
porting numerous  blood-vessels  destined  for  the  bone,  which  ramify  in 
the  membrane,  and  at  length  send  their  minute  branches  into  the 
Haversian  canals  of  the  compact  substance,  accompanied  by  processes 
of  filamentous  tissue  derived  from,  or  at  least  continuous  with,  the 
periosteum.  The  inner  layer  is  made  up  of  elastic  fibres ;  and 
frequently  presents  the  appearance  of  several  distinct  strata  of  "  elastic 
membrane."  Between  those,  however,  and  the  proper  osseous  tissue 
there  is,  in  the  young  bone  at  least,  a  fibrous  stratum  containing  a 
number  of  granular  corpuscles  (fig.  62,  c).  Fine  nerves  spread  out 
in  the  periosteum  ;  they  are  chiefly  associated  with  the  arteries,  and 
for  the  most  part  destined  for  the  subjacent  bone  ;  but  some  are  for 
the  membrane  itself.  By  treating  the  membrane  with  nitrate  of 
silver,  lymphatics  are  discovered  in  it  accompanying  the  blood-vessels, 
and,  as  in  other  aponeurotic  structures,  extensive  epithelioid  markings, 
covering  a  great  part  of  the  surface,  are  brought  into  view. 

The  chief  use  of  this  membrane  is  eyidently  to  support  the  vessels  going  to  the 
hone,  and  afford  them  a  bed  in  which  they  may  subdivide  into  fine  branches,  and 
so  enter  the  dense  tissue  at  numerous  points.  Hence,  when  the  periosteum  is 
stripped  off  at  any  part,  there  is  great  risk  that  the  denuded  portion  of  the  bone 
will  die  and  exfoliate.  The  periosteum  also  contributes  to  give  firmer  hold  to  the 
tendons  and  ligaments  where  they  are  fixed  to  bones ;  indeed,  these  fibrous 
structures  become  continuous  and  incorjDorated  with  it  at  their  attachment.  Its 
relation  to  the  growth  of  bone  will  be  referred  to  later  on. 

The  marrow  {medulla  ossium)  is  lodged  in  the  interior  of  the  bones  ; 
it  fills  up  the  hollow  shaft  of  long  bones  and  occupies  the  cavities  of 
the  cancellated  structure  ;  it  extends  also  into  the  Haversian  canals— 
at  least  into  the  larger  ones — along  with  the  vessels.  A  fine  layer  of  a 
highly  vascular  areolar  tissue  lines  the  medullary  canal,  as  well  as  the 
smaller  cavities  which  contain  marrow  ;  this  has  been  named  the 
medullary  membrane,  internal  periosteum,  or  endosteum ;  but  it  cannot 
be  detached  as  a  continuous  membrane.  Its  vessels  partly  supply 
the  contiguous  osseous  substance,  and  partly  proceed  to  the  clusters 
of  adipose  vesicles,  among  which  there  is  but  very  little  connective 
tissue,  in  consequence  perhaps  of  their  being  contained  and  supported 
by  bone. 

The  marrow  differs  considerably  in  different  situations.  Within  the 
shaft  of  the  long  bones  it  is  of  the  character  of  ordinary  adipose  tissue. 
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and  contains,  in  100  parts,  96  of  fat,  1  of  connective  tissue,  and  3  of 
water.  In  short  bones,  and  in  the  cancellated  ends  of  long  bones,  but 
especially  in  the  cranial  diploe,  the  bodies  of  the  vertebrae,  the  sternum, 
and  the  ribs,  it  is  red  or  reddish  in  colour,  of  more  fluid  consistence, 
and  with  very  few  fat-cells.  That  from  the  diploe  consists  of  75  parts 
of  water  and  25  of  solid  matters,  which  are  chiefly  albumin,  fibrin, 
extractive  and  salts,  with  mere  traces  of  fat.  While,  however,  the  fat- 
cells  are  scanty  in  the  red-coloured  marrow,  it  contains  numerous 
roundish  nucleated  cells — the  proper  marroiv  cells  of  Kcilliker.  These, 
which  in  general  appearance  resemble  the  pale  corpuscles  of  the  blood, 
and  like  them  exhibit  amoeboid  movements,  are  supported  by  a  fine 
reticulum  of  connective  tissue.  They  vary  somewhat  in  size,  and  many 
of  them  present  a  reddish  colour,  resembling  somewhat  in  appearance 
the  nucleated  primitive  red  corpuscles  of  the  embryo;  indeed,  it  is  stated 
that  ordinary  red-blood  corpuscles  are  produced  from  them  (Neumann, 
Bizzozero).  Other  cells  have  occasionally  been  noticed  containing 
one  or  more  red  corpuscles  in  their  interior  :  whether  these  have  been 
developed  in  situ  in  a  manner  similar  to  that  previously  described  in 
connective  tissue  corpuscles  of  the  young  animal,  or  have  been  taken 
into  the  interior  of  an  amoeboid  cell,  there  to  be  transformed  into  pigment 
granules,  is  not  certainly  known.  Cells  containing  reddish  pigment 
granules  are,  however,  not  uncommon.  In  addition  to  these  smaller 
cells,  and  larger  ones  which  resemble  connective  tissue-corpuscles, 
there  occur  in  the  marrow,  especially  in  the  neighbourhood  of  the 
osseous  substance,  large  multi-nucleated  protoplasmic  masses  (myelo- 
plaques,  Robin),  which,  as  pointed  out  by  KoUiker,  appear  to  be  more 
especially  concerned  with  the  process  of  absorption  of  bone,  under  which 
they  will  consequently  be  described. 

Blood-vessels. — The  bones  are  well  supplied  with  blood-vessels.  A 
network  of  periosteal  vessels  covers  their  outward  surface ;  others  pene- 
trate to  the  cavities  of  the  spongy  part  and  the  medullary  canal,  on  the 
sides  of  which  they  ramify  ;  and  fine  vessels,  deprived  of  their  muscular 
coat,  run  through  all  parts  of  the  compact  tissue  in  the  Haversian  canals. 
The  sides  of  these  internal  cavities  and  canals  make  up  together  a  large 
extent  of  inward  surface  on  which  vessels  are  spread.  The  nutritious 
fluid  conveyed  by  these  vessels  no  doubt  escapes  through  their  coats 
and  permeates  the  surrounding  dense  bone  interposed  between  the 
vascular  canals,  and  it  seems  highly  probable  that  the  system  of  lacunge 
and  communicating  canaliculi,  already  described,  is  a  provision  for 
conducting  the  exuded  fluid  through  the  hard  mass.  When  a  bone  is 
macerated,  its  vessels  and  membranes  are  destroyed,  whilst  the  inter- 
mediate true  bony  matter,  being  of  an  incorruptible  and  persistent 
nature,  remains ;  a  process  which,  for  obvious  reasons,  cannot  be  effected 
with  the  soft  tissues  of  the  body. 

The  vessels  of  bone  may  be  recognised  while  it  is  yet  fresh  by  the 
colour  of  the  blood  contained  in  them ;  but  the  vascularity  of 
the  tissue  is  rendered  much  more  conspicuous  by  injecting  a  limb 
with  size  and  vermilion,  depriving  the  bones  of  their  earth  by 
means  of  an  acid,  and  then  drying  them  and  putting  them  into 
oil  of  turpentine,  by  which  process  the  osseous  tissue  is  rendered 
transparent  whilst  the  injected  matter  in  the  vessels  retains  its  red 
colour  and  opacity.  Numberless  small  vessels  derived  from  the 
periosteum,  as  already  mentioned,  pass  along   the  Haversian  canals 
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in  the  compact  substance.  These  are  both  arterial  and  venous,  but 
according  to  Todd  and  Bowman,  the  two  kinds  of  vessels  occupy 
distinct  passages  ;  and  the  veins,  which  are  the  larger,  are  said  to 
present,  at  irregular  intervals,  pouch-like  dilatations.  Arteries,  of  larger 
size  but  fewer  in  number,  proceed  to  the  cancellated  texture.  In  the 
long  bones  numerous  apertures  may  be  seen  at  the  ends,  near  the 
articular  surfaces  ;  some  of  these  give  passage  to  the  arteries  referred 
to,  but  the  greater  numbei',  as  well  as  the  larger  of  them,  are  for  the 
veins  of  the  cancellated  texture,  which  run  separately  from  the  arteries. 
Lastly,  a  considerable  artery  goes  to  the  marrow  in  the  central  part  of 
the  bone ;  in  the  long  bones  this  medullary  artery,  often,  but  impro- 
perly, called  "  the  nutritious  artery,"  passes  into  the  medullary  canal, 
near  the  middle  of  the  shaft,  by  a  hole  running  obliquely  through  the 
compact  substance.  The  vessel,  which  is  accompanied  by  one  or  two 
veins,  then  sends  branches  upwards  and  downwards  to  the  marrow  and 
medullary  membrane  in  the  central  cavity  and  the  adjoining  Haversian 
canals  ;  from  these  branches  capillaries  pass  radially  towards  the  peri- 
phery. The  comparatively  narrow  arterial  capillaries  pass  suddenly  into 
the  wide  venous  ones,  so  that  the  current  of  blood  must  be  considerably 
retarded  both  in  these  and  in  the  large  thin-walled  veins.  The  blood  con- 
tained in  these  is  said  to  possess  a  large  number  of  pale  corpuscles,  as 
well  as  transitions  from  these  to  the  red.  The  ramifications  of  the  me- 
dullary artery  anastomose  with  the  arteries  of  the  compact  and  cancel- 
lated structure ;  indeed,  there  is  a  free  communication  between  the  finest 
branches  of  all  the  vessels  which  proceed  to  the  bone,  and  there  is  no 
strictly  defined  limit  between  the  parts  supplied  by  each.  In  the  thigh- 
bone there  are  two  medullary  arteries  entering  at  different  points. 

The  veins  of  the  cancellated  texture  are  peculiar  and  deserve  special 
notice.  They  are  large  and  numerous,  and  run  separately  from  the 
arteries.  Their  arrangement  is  best  known  in  the  bones  of  the  skull, 
where,  being  lodged  in  the  dipToe  or  spongy  texture  between  the  outer 
and  inner  compact  tables,  they  have  received  the  name  of  the  diploic 
veins.  They  run  in  canals  formed  in  the  cancellated  structm'e,  the 
sides  of  which  are  constructed  of  a  thin  lamella  of  bone,  perforated 
here  and  there  for  the  admission  of  branches  from  the  adjoining* 
cancelli.  The  veins,  being  thus  inclosed  and  supported  by  the  hard 
structure,  have  exceedingly  thin  coats.  They  issue  from  the  bone  by 
special  apertures  of  large  size.  A  similar  arrangement  is  seen  in  the 
bodies  of  the  vertebrae,  from  whence  the  veins  come  out  by  large 
openings  on  the  posterior  surface. 

The  lymphatics  of  the  bones  are  but  little  known  ;  still,  there  is 
evidence  of  their  existence,  for,  independently  of  the  authority  of  Mas- 
cagni  (who,  how^ever,  does  not  state  that  he  injected  the  vessels  which 
he  took  for  the  lymphatics  of  bone),  we  have  the  testimony  of 
Cruikshank,  who  injected  lymphatics  coming  out  of  the  body  of  one 
of  the  dorsal  vertebrse,  in  the  substance  of  which  he  also  saw  them 
ramifying.*  The  lymphatics  in  the  periosteum  have  been  already 
noticed  (p.  91). 

Fine  nerves  have  been  seen  passing  into  the  medullary  canal  of  some 
of  the  long  bones  along  with  the  artery,  and  following  its  ramifications, 
but  their  ultimate  distribution  is  doubtful ;  and  KoUiker  describes  fine 

*  Anatomy  of  the  Absorbing  Vessels,  1790,  p.  198. 
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nervous  filaments  as  entering  with  the  arterias  of  the  bone  to  the 
spongy  and  compact  tissue.  As  far,  however,  as  can  be  judged  from 
observations  on  man  and  experiments  on  the  lower  animals,  the  bones, 
as  well  as  their  investing  periosteum,  are  scarcely  if  at  all  sensible  in 
the  healthy  condition,  although  they  are  painfully  so  when  inflamed. 

Some  hold  that  the  same  is  true  of  the  marrow,  or  rather  the  medullary  mem- 
brane ;  others,  among  whom  are  Duvemey  and  Bichat,  affirm,  on  the  contrary, 
that  the  medullary  tissue  is  sensible.  They  state  that,  on  sawing  through  the~ 
bone  of  a  living  animal,  and  irritating  the  medullary  membrane  by  passing- a 
probe  up  the  cavity,  or  by  injecting  an  acrid  fluid,  very  unequivocal  signs  of  pain 
will  be  manifested.  Beclard,  who  affirms  the  same  fact,  points  out  a  circum- 
stance which  may  account  for  the  result  occasionally  turning  out  differently, — 
namely,  that  when  the  bone  happens  to  be  sawn  through  above  the  entrance  of 
the  medullary  artery,  the  nerves  going  along  with  that  vessel  are  divided,  and 
the  marrow  consequently  rendered  insensible,  as  happens  with  any  other  sensible 
part  when  its  nerves  are  cut. 


FORMATION  AND  GROWTH  OF  BONE. 

The  foundation  of  the  skeleton  is  laid  at  a  very  early  period ;  for, 
among  the  parts  that  appear  soonest  in  the  embryo,  we  distinguish 
the  rudiments  of  the  vertebrae  and  base  of  the  skull,  which  afterwards 
form  the  great  median  column  to  which  the  other  parts  of  the  bony 
fabric  are  appended.  But  it  is  by  their  outward  form  and  situation 
onl}^,  that  the  parts  representing  the  future  bones  are  then  to  be  recog- 
nised ;  for  at  that  early  period  they  do  not  differ  materially  in  substance 
from  the  other  structures  of  the  embryo,  being,  like  these,  made  up  of 
granular  corpuscles  or  elementary  cells,  united  together  by  a  soft  amor- 
phous matter.  Very  soon,  however,  they  become  cartilaginous,  and 
ossification  in  due  time  beginning  in  the  cartilage  and  continuing 
to  spread  from  one  or  from  several  points,  the  bone  is  at  length 
completed. 

But,  while  it  is  true  with  respect  to  the  bones  generally  that  their 
ossification  commences  in  cartilage,  it  is  not  so  in  every  instance.  The 
tabular  bones  forming  the  roof  of  the  skull  may  be  adduced  as  a 
decided  example  to  the  contrary  ;  in  these  the  ossification  goes  on  in  a 
membranous  tissue  quite  different  in  its  nature  from  cartilage ;  *  and 
even  in  the  long  bones,  in  which  ossification  undoubtedly  com^mences 
and  to  a  certain  extent  proceeds  in  cartilage,  it  will  be  afterwards  shown 
that  there  is  much  less  of  the  increment  of  the  bone  really  owing  to 
that  mode  of  ossification  than  was  at  one  time  generally  believed.  It 
is  necessary,  therefore,  to  distinguish  two  species  or  modes  of  ossifica- 
tion, which  for  the  sake  of  brevity  may  be  called  the  inti'dmemtranous 
and  the  mfracarfUar/inous. 

©ssiScatiosi  in  membrane. — The  tabular  bones  of  the  cranium,  as 
already  said,  afford  an  example  of  this  mode  of  ossification.  The  base 
of  the  skull  in  the  embryo  is  cartilaginous  ;  but  in  the  roof,  that  is  to 
say,  the  part  comprehending  the  parietal,  the  upper  and  greater  part 
of  the  frontal,  and  a  certain  portion  of  the  occipital  bones,  we  find 
(except  where  they  happen  to  be  commencing  muscular  fibres)  only  the 

*  This  fact  was  pointed  out  and  insisted  on  by  NesMtt,  who  distinguishes  the  two 
different  modes  of  ossification,  and  so  far  his  views  are  quite  correct. — See  his  Human 
Osteogeny.     Lond.  1736. 
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integuments,  the  dura  mater,  and  an  intermediate  membranous  layer, 
which  diiTers  from  cartilage  in  its  intimate  structure  as  well  as  in  its 
more  obvious  characters,  and  in  which  the  ossification  proceeds. 

The  commencing  ossification  of  the  parietal  bone,  which  may  be 
selected  as  an  example,  appears  to  the  naked  eye  in  form  of  a  network 
in  which  the  little  bars  or  spicula  of  bone  run  in  various  directions, 
and  meet  each  other  at  short  distances.  By-and-by  the  ossified  part, 
becoming  extended,  gets  thicker  and  closer  in  texture,  especially  towards 
the  centre,  and  the  larger  bony  spicula  which  now  appear,  run  out  in 
radiatinsr  lines  to  the  cir- 


cumference. The  ossifica- 
tion continues  thus  to 
spread  and  consolidate  un- 
til the  parietal  meets  the 
neighbouring  bones,  with 
which  it  is  at  length  united 
by  a  suture. 

The  figure  (54)  repre- 
sents the  parietal  bone  of 
an  embryo  sheep  about  two 
inches  and  a  half  long,  and 
shows  the  character  of  the 
ossification  as  it  ajDpears 
when  the  object  is  mag- 
nified about  twelve  dia- 
meters. The  bone  is  formed 
in  membrane  as  in  the 
human  foetus,  but  a  thin 
plate  of  cartilage  rises  up 
on  its  inside  from  the  base 
of  the  skull.  The  ossifica- 
tion, however,  is  decidedly 
unconnected  with  the  car- 
tilage, and  goes  on  in  a 
membrane  lying  outside  of 
it. 

When  further  examined 
with  a  higher  magnifying 
power,  the  tissue  or  mem- 
in  which  the  ossifi- 
is  proceeding,  ap- 
to  be  made  up  of 
and     granular    cor- 


Fig.  54. 
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Fig.    64. —  Parietal    Bone    of   an   Embryo 
Sheep.     Size  op  a?HE  Embryo,  2k  inches. 
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The  small  upper  figure  represents  tlie  bone  of  the 
natural  size,  the  larger  figure  is  magnified  about  12 
diameters.  The  curved  line,  a,  h,  marks  the  height 
to  which  the  subjacent  cartilaginous  lamella  ex- 
tended. A  few  insulated  ]3articles  of  bone  are  seen 
near  the  circumference,  an  appearance  which  is  quite 
common  at  this  stage, 
puscles,  with  a  soft  amor- 
phous or  faintly  granular  uniting  matter,  and,  in  point  of  structure,  might 
not  unaptly  be  compared  to  connective  tissue  in  a  certain  stage  of  develop- 
ment. The  corpuscles  are  large,  mostly  two  or  three  times  the  size  of 
blood-corpuscles  ;  their  substance  is  granular  in  character,  and,  espe- 
cially in  specimens  preserved  in  spirit,  usually  hides  the  nucleus.  They 
are  densely  packed  all  over  the  area  of  ossification,  covering  the  bony 
spicula,  and  filling  up  their  interstices  ;  so  that,  to  bring  the  growing 
parts  into  view,  the  corpuscles  must  be  brushed  away  with  a  hair  pencil, 
or  removed  by  short  immersion  of  the  specimen  in  weak  solution  of  soda. 
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On  observine:  more  closely  the  points  of  the  growing  osseous  rays  at 
the  circnmference  of  the  bone,  where  they  shoot  out  into  the  soft  tissue, 
it  will  be  seen  that  the  portion  of  them  already  calcified  is  granular  and 
rather  dark  in  appearance  (fig,  55,  a,  h,  c),  but  that  this  character  is 
gradually  lost  as  they  are  traced  further  outwards  in  the  membrane,  in 
which  they  are  prolonged  for  a  little  way  in  form  of  soft  and  pliant 
bundles  of  transparent  fibres  (fig.  55,/).  Further  inwards,  Avhere  the 
slender  rods  or  bars  of  bone  are  already  in  great  part  hard,  their  calcified 

substance  is  coated  over 
(although  unequally)  with 
transparent  and  as  yet  soft 
and  imperfectly  calcified 
matter,  by  which  they  grow 
in  thickness  ;  and  this  os- 
sifying substance  spreads 
out  at  their  sides,  and  en- 
croaches on  the  interven- 
ing space,  in  form  of  a 
bright  trellis-work  (fig.  65, 
d),  thin  towards  its  outer 
limit,  and  there  composed 
of  fine  fasciculi,  but  denser 
and  closer  nearer  the  bone, 
where  the  trabeculse  are 
thick  and  round,  and 
already  granular  from  com- 
mencing earthy  impregna- 
tion. The  interstices  of 
this  mesh-work  are  in  some 
parts  occupied  by  one  or 
more  of  the  corpuscles,  but 
at  other  parts  they  are  re- 
duced to  short  narrow  clefts 
or  mere  pores.  The  ap- 
pearance here  described  is 
especially  well  seen  at  those 
places  where  a  cross  bridge 
of  bone  is  being  formed 
between  two  long  spicula 
(as  at  e)  ;  we  may  there 
distinguish  the  clear  soft 
fibres  or  trabeculas  which 
have  already  stretched 
across  the  interval,  and 
the  darkish  granular  opa- 
city indicating  the  earthy 
deposit  {a,  a')  may  be  per- 
ceived advancing  into  them  and  shading  off  gradually  into  their 
pellucid  substance  without  a  precise  limit.  This  soft  transparent 
matter,  which  becomes  ossified,  may,  wherever  it  occurs,  be  distin- 
guished by  the  name  of  "■  osteogenic  substance,"  as  proposed  by  H. 
Mliller,  or  simply  of  *'  osteogen."  It  is  or  becomes  fibrous  in  intimate 
structure,  and  for  the  most  part  finely  reticular,  like  the  decalcified 


Pig.  55. — The  Growing  End  of  a  SpicuirM  from 
THE  Parietal  Bone  of  an  Embryo  Sheep  at 
about  the  same  period  of  advancement  as  in  Fig. 
54 ;  magnified  150  diameters,  but  drawn  under 
a  power  of  350  diameters. 

a,  b,  c,  and  a',  parts  abeady  calcified  ;  d,  d,  irre- 
gular network  of  soft  and  pellucid  osteogenic  sub- 
.stance,  on  which  the  calcification  is  encroaching; 
a,  e,  a',  a  connecting  bar  or  bridge  still  soft  at  e,  but 
calcified  at  a  and  «' ;  /,  extremity  formed  of  bundles 
of  soft  osteogenic  fibres.  The  structui-e  repre- 
sented was  covered  over  and  hidden  by  granular  cor- 
puscles, or  osteoblasts,  which  have  been  removed. 
In  the  calcified  part,  a,  h,  c,  superficial  excavations 
are  seen  which  are  probably  commencing  or  incom- 
plete lacunae,  from  which  the  corpuscles  have  been 
washed  out.  From  a  drawing  by  Prof.  J.  Marshall, 
F.R.S. 
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bone  itself,  but  must  not  be  confounded  with  fibres  which  may  pre-exist 
in  the  membranous  tissue  in  which  tlie  bone  is  growing. 

The  granular  corpuscles  or  cells  everywhere  cover,  in  a  dense  layer, 
the  osteogenic  substance,  and  lie  in  its  meshes ;  most  probably  they 
yield  or  excrete  that  substance  ;  hence  the  name  "  osteoblasts"  has  been 
assigned  to  them. 

But  some  of  the  granular  cells  are  involved  in  the  ossifying  matrix, 
and  eventually  inclosed  in  lacunae.  Single  cells  may  accordingly  be 
seen  partially  sunk  in  the  recent  osteogenic  deposit,  which  then  gradu- 
ally grows  over  them  and  buries  them  in  its  substance  ;  and  the  cavity 
in  which  the  corpuscle  is  thus  enclosed  becomes  a  lacuna. 

"VVitli  regard  to  the  formation  of  the  canaliculi,  some  observers  state  that,  when 
such  a  corpuscle  is  as  yet  but  half  sunk  in  the  growing  substance,  processes  may 
be  seen  passiag  from  the  imbedded  side  into  fine  clefts  of  the  matrix,  which 
close  in  around  them  and  become  the  canaliculi  ;  and  that  as  the  inclosui'e  of  the 
coi-puscle  is  completed,  canaliculi  are  in  like  manner  formed  in  the  rest  of  its 
cii'cumf erence.  It  is  also  supposed  that  the  canaliculi  are  afterwards  extended  by 
absorption,  so  as  to  anastomose  with  those  of  neighbom-ing  lacunse. 

As  the  bone  extends  in  circumference,  it  also  increases  in  thickness  ; 
the  vacuities  between  the  bony  spicula  become  narrowed  or  disappear, 
and  at  a  more  advanced  period  the  tabular  bones  of  the  cranium  are 
tolerably  compact  towards  the  centre,  although  their  edges  are  still 
formed  of  slender  radiating  processes.  At  this  time  also  numerous 
furrows  are  grooved  on  the  surface  of  the  bone  in  a  similar  radiating 
manner,  and  towards  the  centre  these  are  continued  into  complete  tubes 
or  canals  in  the  older  and  denser  part,  which  run  in  the  same  direction. 
The  canals,  as  well  as  the  grooves,  which  become  converted  into  canals, 
contain  blood-vessels  supported  by  processes  of  the  investing  membrane, 
and  are  lined  with  osteoblasts,  which  deposit  concentric  layers  of  bone 
inside  these  channels ;  and,  when  thus  sm-rounded  with  concentric 
laminag,  these  tubular  cavities  are  in  fact  Haversian  canals. 

It  may  here  be  observed  that  in  earlier  stages,  such  as  that  shown  in  fig.  54, 
vessels  may  be  seen  in  the  soft  tissue,  some  twice  or  three  times  the  size  of  a 
blood-capillary,  others  considerably  more,  but  all  with  only  a  homogeneous  coat 
with  cells  upon  it  here  and  there,  and  without  a  muscular  layer. 

Ossification  in  cartilage. — It  has  already  been  stated  that,  in  by 
far  the  greater  number  of  bones,  the  primitive  soft  cellular  matter  of 
which  they  originally  consist  is  very  quickly  succeeded  by  cartilage,  in 
which  the  ossification  begins.  One  of  the  long  bones  taken  from  a  very 
small  embryo,  just  before  ossification  has  commenced  in  it,  is  observed 
to  be  distinctly  cartilaginous.  In  the  tibia  of  a  sheep,  for  example,  at 
a  time  when  the  whole  embryo  is  not  more  than  an  inch  and  a  quarter 
in  length,  we  can  plainly  see  that  the  substance  consists  of  cartilage- 
cells  imbedded  in  a  pellucid  matrix.  These  cells,  which  can  scarcely 
be  said  to  be  collected  into  groups,  are  much  larger  in  the  middle  part 
of  the  shaft  where  ossification  afterwards  commences,  and  there  also' 
they  are  mostly  placed  with  their  long  diameter  across  the  direction  of 
the  bone  :  towards  the  ends  they  are  much  smaller  and  closer  together, 
and  the  cartilage  there  is  less  transparent.  As  it  enlarges,  the  cartilage 
acquires  firmer  consistence ;  it  represents  in  figure  the  future  bone, 
though  of  course  much  smaller  in  size,  and  it  is  surrounded  with  a 
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fibrous  membrane  or  perichondrium,  the  future  periosteum.  Vessels 
ramify  in  tliis  membrane,  but  none  are  seen  in  the  cartilage  until  ossi- 
fication is  about  to  begin. 

In  a  long  bone  the  ossification  commences  in  the  middle  and  proceeds 
toward  the  ends,  which  remain  long  cartilaginous,  as  represented  in 
fig.  56.  At  length  separate  points  of  ossification  appear  in  them,  and 
form  epiphyses,  which  at  last  are  joined  to  the  body  of  the  bone. 

The  newly  formed  osseous  tissue  is  red  and  ob- 
Tiously  vascular,  and  blood-vessels  extend  a  little 
way  beyond  it  into  the  adjoining  part  of  the  carti- 
lage. In  a  long  bone  these  precursory  vessels  are 
seen  at  either  end  of  the  ossified  portion  of  the 
shaft,  forming  a  red  zone  in  that  part  of  the  carti- 
lage into  which  the  ossification  is  advancing.  The 
vessels  are  lodged  in  excavations  or  branching  canals 
in  the  cartilage,  (fig.  56,  a)  which  also  contains 
granular  corpuscles  (osteoblasts).  Other  vascular 
canals  enter  the  cartilage  from  its  outer  surface, 
and  conduct  vessels  into  it  directly  from  the  peri- 
chondrium ;  at  least,  this  may  be  seen  when  the 
ossification  approaches  near  to  the  ends  of  the 
bones. 


Baly  observed  that  in  a  transverse  section  of  the 
ossifying  cartilage,  its  cells  appear  arranged  in  radiating 
lines  round  the  sections  of  the  vascular  canals ;  *  and  it  may 
also  be  here  remarked  that  in  many  of  these  radiating 
groups  the  cells  successively  diminish  in  size  towards  the 
centre,  that  is,  as  they  approach  the  canal.  The  canals 
which  enter  from  the  surface  of  the  cartilage  are  probably 
formed  by  processes  from  the  vascular  subperichondrial 
tissue,  which,  excavating  the  canals  by  absorption,  thus 
extend  themselves  through  the  mass  of  cartilage ;  and  as 
the  perichondrium  affords  material  for  the  growth  of  the 
cartilage  at  the  surface,  so  these  vascular  processes  probably 
yield  matter  for  the  multiplication  of  the  cells  in  the 
interior  of  the  mass.  The  canals  which  pass  into  the  carti- 
lage from  the  ossified  part  are,  in  like  manner,  most  pro- 
bably formed  by  processes  of  the  subperiosteal  tissue  which 
pierce  the  bone  and  extend  through  the  medullary  ca-vdties 
within  it  to  the  cartilage,  into  which  thej^  penetrate  for 
a  short  way  beyond  the  advancing  lunit  of  ossification. 


Fig.  56. ^Humerus 
OF  A  Fgetus,  Na- 
tural SIZE. 

Tte  upper  half  is 
divided  longitudin- 
ally, a,  cartilage,  h, 
bone,  which  termin- 
ates towards  the  car- 
tilage by  a  slightly 
convex  surface. 


To  examine  the  process  more  minutely,  let  an  ossifying  bone  be 
divided  lengthwise,  as  in  fig.  56,  and  then  from  the  surface  of  the  sec- 
tion (as  at  a,  h)  take  off  a  thin  slice  of  cartilage,  including  a  very  little 
of  the  ossified  part,  and  examine  it  with  the  microscope.  Such  a  view, 
seen  with  a  low  power,  is  shown  in  fig.  57.  The  cartilage  at  a  distance 
from  the  surface  of  the  ossified  part  has  its  cells  uniformly  disseminated 
in  the  matrix,  (as  at  a,  where  it  appears  in  the  figure  as  if  granular,) 
but  at  and  near  to  the  limit  where  the  ossification  is  encroaching  upon 
it,  the  cells  are  gathered  into  rows  or  oblong  groups,  between  wdiich  the 
transparent  matrix  appears  in  form  of  clear  longitudinal  lines  (often 
obscurely  striated)  obliquely  intersecting  each  other  (&).    Turning  now 

*  MiiUer's  Physiology,  plate  I.,  fig.  16. 
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to  the  newly-formed  bone  (c),  which  from  its  dark  opaque  aspect  con- 
trasts strongly  with  the  cartilage,  and  tracing  it  towards  their  mutual 
boundary,  we  see  plainly  the  dark  lines  of  ossification  shooting  up  into 
the  clear  spaces  of  the  cartilage  between  the  groups  of  corpuscles.  The 
earthy  deposit,  in  fact,  proceeds  through  the  matrix,  and  affects  also 
those  parts  of  the  cartilage-capsules  which  form  the  circumference  of  a 
group,  so  that  the  new  osseous  substance  forms  in  the  first  instance 

Fig.  57. 


Fiff.  58. 
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Fig.   57. — Thin  Longitudinal  Section  of  Ossifying  Cartilage   from  the  Hujierus 

OF  A  F(etal  Sheep. 

a,  cartilage-cells  unifonnly  diffused ;  5,  cells  nearer  the  boundary  of  tlie  ossification, 
collected  into  piles  and  inclosed  in  oblong  areolae  of  the  clear  matrix ;  c,  dark  lines  of 
ossification  extending  into  the  matrix  and  forming  the  primary  bony  areolae.  Magnified 
about  70  diameters. 

Fig.   5S. — Transa''erse  Section  of  the  Ossifying  Cartilage  represented  in 

Fig.  57. 

Made  a  little  above  c,  along  the  surface  of  ossification,  and  including  part  of  the  ne'w 
bone,  magnified  70  diameters.  The  circular  sections  of  the  gi-oups  of  cells  and  of  the 
osseous  areolse  are  seen  ;  and  the  dark  bone  extending  into  the  clear  intercellular  matrix. 

oblong  areolae  or  loculi,  which  enclose  the  groups  of  cells.  This  is 
further  illustrated  by  a  thin  transverse  section,  carried  nearly  parallel 
to  the  ossifying  surface,  and  partly  encroaching  on  it,  so  as  to  take  off 
a  little  of  the  bone  along  with  the  cartilage,  as  represented  in  fig.  58. 

H  2 
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Fig.  59. 


In  this  view  we  see,  at  one  part,  the  dark  and  nearly  circular  sections 
of  the  newly-formed  osseous  areolse  ;  at  another,  sections  of  the  rows  of 
cartilage-cells  with  the  clear  matrix  between  and  around  them,  and  into 
this  the  dark  ossification  is  advancing.  It  may  frequently  be  observed, 
that  here  also,  as  in  intramembranous  ossification,  the  deposition  of 
calcareous  matter  is  preceded  by  the  formation  of  an  obscurely  fibrous 
structure,  estending  between  the  rows  of  cells. 

On  using  a  higher  power,  as  in  fig.  .59,  it  will 
be  seen  that  the  cells  forming  the  groups  are 
placed  with  their  long  diameter  transversely, 
as  if  they  had  been  flattened  and  piled  upon 
one  another  ;  but  in  the  immediate  vicinity  of 
the  bone  they  become  greatly  enlarged  and 
more  rounded.  As  to  the  substance  composing 
them,  in  some  it  is  pellucid,  strongly  refract- 
ing the  light,  and  nearly  filling  the  capsule ; 
in  others  faintly  granular  and  light  like  ground 
glass,  and  has  a  well-defined  outline,  and  in 
these  there  is  a  very  distinct  nucleus,  varying 
much  iu  size  iu  different  cells,  but  always 
most  regTdarly  circular,  and  inclosing  one  or 
more  nucleoli ;  lastly,  a  good  many  cells  may 
be  seen,  especially  in  the  neighbotu-hood  of 
the  advancing  blood-vessels,  in  which  the 
contained  mass  or  cell-body  does  not  nearly 
fill  the  capsule,  and  then  it  is  usually  coarsely 
granular,  with  an  uneven  and,  in  some,  a 
jagged  outline. 


It  thus  appears  that  the  bony  tissue,  as 
it  advances  into  the  cartilage,  has  at 
first  a  sort  of  alveolar  structure,  made 
up  of  fusiform  areolce  or  short  tubular 
cavities,  with  thin  parietes,  which  are 
formed  by  calcification  of  the  matrix 
and  partial  calcification  of  the  capsules 
of  the  cartilage-cells.  But  this  condi- 
tion, which  differs  from  that  of  perfect 
bone,  is  only  transitory,  and  at  a  short 
distance  below  the  ossifying  surface  we 
see  a  change  taking  place  in  the  newly- 
formed  tissue ;  the  structure  becomes 
more  open,  the  original  cartilage-cells 
disappear  from  its  interstices,  and  the 
medullary  spaces,  with  their  lamellated 
parietes,  as  iu  the  permanent  cancellated 
tissue,  begin  to  be  formed.    This,  which 


Fig.  59. — Shall  Portioit  of  a 
Section  similar  to  that  in 
Fig.  57,  more  highly  magni- 
fied (about  140  diameters). 

a,  h,  two  of  the  new -formed 
osseous  tubes  or  areolre,  with  a 
few  cartilage-cells  and  granular 
corpuscles  lying  in  tliem ;  c,  c, 
cartilage-cells  near  the  ossifying 
surface,  exhibiting  the  appearance 
described  in  the  text. 

is  the  next  step  of  the  process,  takes 
place  in  the  following  manner.  The  jn'imary  areolce  of  the  bone  above 
described  open  into  one  another  both  laterally  and  longitudinally  by 
absorption  of  their  intermediate  walls,  and  by  their  confluence  give 
rise  to  the  larger  or  secondary  cavities,  the  medullary  spaces  of  H. 
Midler,  which  succeed  them  lower  down.  This  is  shown  in  a  longi- 
tudinal section  in  fig.  60,  and  in  transverse  section  in  fig.  61,  a, 
which  represents  a  thin  section  made  almost  immediately  below  the 
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surface  of  ossification,  and  in  wliich  the  primary  cavities  are  seen  to 
have  coalesced  into  larger  ones.    A  transverse  section  somewhat  lower 


Fig.    60. — Thin    Longitudinal    Section    op 
THE  GrEOWiNa  End  of  the  Shaft  of  the 

METATAKSAIi   BoNE    OF   A   SlINK   CaLF,    MAG- 
NIFIED. 

The  upper  part  of  the  figure  shows  four  groups 
of  cartilage-cells,  with  calcified  matrix  between 
them  forming  the  walls  of  four  primary  areolse 
filled  as  yet  by  the  original  cartilage-cells, 
except  at  the  lower  part,  where  these  are  re- 
placed by  osteoblasts.  Lower  down  are  two 
oblong  spaces  (secondary  or  medullary  cavities) ; 
one,  indicated  by  d,  is  nearly  filled  by  osteo- 
blasts and  vessels,  the  other  is  vacant.  Tlie 
walls  of  these  spaces  are  beginning  to  be  lined 
with  secondary  osseous  deposit,  sho^^Ti  in  the 
figure  as  a  lighter  layer,  b,  b,  and  b ;  c,  c,  and 
c,  are  corpuscles  abovit  to  be  imbedded  in  the 
ossifying  substance  and  inclosed  in  laminas  ;  (/, 
a  cartilage-cell  of  which  the  body  has  shrunk 
from  the  inside  of  the  capsule  (after  H.  Miiller 
and  Kolliker). 


Fig.  60. 


r/ 


down,  (fig.  61,  B,)  shows  that  they  go 
on   enlarging  by   further   absorption 
and  coalescence,  and  that  their  sides 
are  thickened  by  layers  of  new  bone  ; 
this  soon  begins  to  be  deposited  (fig. 
60,  &,  b,  in  longitudinal  and  61,  A,  in 
cross  section),  and  goes  on  increasing, 
(fig.   61,  b).     In  the   meantime    the         ' 
cartilage-cells  have  disappeared,  and      ^ 
the  bony  cavities  are  filled  with  soft 
matter,  in  w-hich  there  are  a  few  fibres       ^- 
and  numerous  granular  corpuscles  re- 
sembling the  osteoblasts  seen  in  the       ^ 
intramembranous  ossification  ;    there 
are  also  many  blood-vessels.     In  the 
end,  some  of  the  enlarged  cavities  and 

open  structure  remain  to  form  the  cancellated  tissue,  but  much  of 
this  structure  is  afterwards  removed  by  absorption,  to  give  place  to  the 
medullary  canal  of  the  shaft.  In  many  of  these  cavities  the  walls  of  the 
coalesced  primary  areolae  may  long  be  distinguished,  like  little  arches, 
forming  by  their  union  a  sort  of  festooned  outline,  within  which  the  new 
bony  laminte  are  situated. 

The  primary  osseous  matter  forming  the  original  thin  walls  of  the  areolse,  and 
produced  by  calcification  of  the  cartilaginous  matrix,  is  decidedly  granular,  and 
lias  a  dark  appearance  ;  the  subsequent  or  secondary  denosxt  on  the  other  hand  is 
quite  transparent,  and  of  a  uniform,  homogeneous  aspect.  This  secondary 
deposit  begins  to  cover  the  granular  bone  a  very  short  distance  (about  itli  of  an 
inch)  below  the  surface  of  ossification,  and,  as  already  stated,  increases  in  thick- 
ness further  down.  The  lacunse  first  appear  in  this  deposit ;  there  are  none  in 
the  primary  granular  bone.  The  cartUage-cells  do  not  become  calcified.  According 
to  H.  Miiller  the  capsules  are  opened  by  absorption,  and  the  granular  bodies  con- 
tained within  them  Q..c.  the  proper  cell-bodies)  produce  by  fissiparous  multiplication 
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the  granular  osteoblastic  cells  which,  succeed  them.  On  the  other  hand,  Loven* 
has  suggested,  and,  as  it  would  seem,  with  more  probability,  that  the  osteoblastic 
corpuscles  properly  belong  to  the  vascular  processes  of  the  subperiosteal  tissue. 

Fig.  61,  A. 


Fig.  61,  B. 


Fig.      61.  —  A     AND     B     REPRESENT    TwO     TRANSVERSE     SECTIONS     OP    GROWING     BONE,    AS 

IN  Fig.  58,  but  much  more  magnified  (about  120  diameters). 

They  show  the  lateral  coalescence  of  the  primary  bony  areolte  and  the  thickening  of  the 
sides  of  the  enlarged  cavities  by  new  osseous  deposit.  The  section  A  is  made  almost  im- 
mediately below  the  surface  of  ossification  ;  B,  is  somewhat  lower,  and  shows  the  cavities 
still  more  enlarged  and  their  sides  more  thickened  than  in  A.  The  new  osseous  lining  is 
transparent,  and  ajjpears  light  in  the  figures  ;  the  dark  ground  within  the  areola  is  owing 
to  opaque  debris,  which  collected  there  in  grinding  the  sections.  It  must  be  further 
noticed  that  the  letter  a  within  the  larger  figure,  marks  a  place  where  a  bony  partition 
had  been  accidentally  broken  away,  for  the  large  space  was  naturally  divided  into  two. 

which,  as  already  stated,  penetrate  the  newly  formed  bone  and  spread  throughout 
its  cavernulated  structure.  The  excavation  and  removal  of  the  cartilage,  as  well 
as  the  partial  absoi-ption  of  the  walls  of  the  bony  cavities,  is  no  doubt  effected  by 
this  tissue,  and  the  abundant  osteoblastic  cells  which  appear  m  it  are   most 

*  Studier  och  Undersbkningar  ofver  Benviifnaden.     Stockholm.     1863. 
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probably  derived  by  descent  from  similar  cells  equally  abundant  beneath  the 
periosteum.  The  cells  or  corpuscles  in  question,  in  whatever  way  produced,  are 
disposed  in  a  layer  or  layers  upon  the  walls  of  the  secondary  or  medullary  spaces, 
in  immediate  contact  with  the  new  osteogenic  deposit,  which  here,  as  in  the 
intramembranous  ossiiication,  they  probably  produce  (figs.  60,  62).  Here  too  the 
osteogenic  substance  is  finely  reticular,  and  retains  that  character  when  calcified ; 
for  the  secondary  bony  deposit  is  formed  in  layers  made  up  of  finely  reticulating 
fibres,  like  the  lamellae  of  perfect  bone  shown  in  fig.  -±7.  On  a  careful  inspection, 
and  with  a  certain  adjustment  of  the  light,  fine  striae  may  be  seen  in  many  parts 
indicating  the  obliquely  decussating  fibres  of  the  newly  formed  laminae.  The 
structure  in  some  measure  reminds  us  of  the  secondary  deposit  inside  the  oblong 
cells  of  the  wood  of  coniferous  trees,  in  which  the  ligneous  matter  is  arranged  in 
fibres,  or  rather  in  fine  lines,  running  obliquely  round  the  wall  of  the  ceU  and 
crossing  one  another  in  alternate  layers. 

The  lacunae  are  formed,  as  described  in  the  intramembranous  ossification,  by 
some  of  the  granular  corpuscles  becoming  embedded  in  the  osteogenic  substance, 
and  inclosed  in  a  cavity  f onned  round  them  by  its  further  deposit  (fig.  62,^).  Lacunje 
formed  from  cartilage-cells  exist  but  very  scantily.  Examples  occur  in  articular 
cartilage,  and  in  that  of  the  pubic  symphysis,  when,  as  commonly  happens  in 
mature  life,  the  part  of  these  tissues  adjoining  the  bone  is  encroached  on  by  a 
species  of  ossification,  as  noticed  at  page  97.  The  ossifying  process  in  this  case 
is  mere  calcification  of  the  cartilage,  and  stellate  lacuna,  not  intercommunicating 
by  canaliculi,  remain  in  the  partially  ossified  cells.  When  this  hard  tissue 
is  decalcified  by  an  acid,  the  original  cells  and  cartilaginous  matrix  become 
apparent. 

As  ossification  advances  towards  the  ends  of  the  bone,  the  portion  as 
yet  cartilaginous  continues  to  grow  at  the  same  time,  and  increases  in 
every  dimension.  The  part  ah'eady  osseous  increases  also  in  circum- 
ference ;  the  medullary  canal,  of  which  for  some  time  there  is  no 
appearance,  begins  to  be  excavated  in  the  interior  by  absorption,  and 
the  sides  of  the  shaft  acquire  compactness  and  solidity.  The  increase 
in  girth  is  brought  about  by  deposition  of  bone  at  the  surface  under- 
neath the  periosteum.  It  was  at  one  time  supposed  that  a  formation 
of  cartilage  precedes  the  bone  also  in  this  situation ;  but  such  is  not 
the  case,  for  the  vascular  soft  tissue  in  immediate  contact  with  the 
surface  of  the  growing  bone  is  not  cartilage,  but  a  soft  substance  con- 
taining fibres  and  osteoblasts ;  in  fact,  the  increase  takes  place  by  intra- 
membranous ossification,  and  accordingly  the  Haversian  canals  of  the 
shaft  are  formed  in  the  same  way  as  those  of  the  tabular  bones  of  the 
skull, — that  is,  the  osseous  matter  is  not  only  laid  on  in  strata  parallel 
to  the  surface  of  the  bone,  but  is  deposited  around  processes  of  the 
vascular  membranous  tissue  which  extend  from  the  surface  obliquely 
into  the  substance  of  the  shaft  (fig.  62)  ;  and  the  canals  in  which 
these  vascular  processes  lie,  becoming  narrowed  by  the  deposition  of 
concentric  osseous  lamina,  eventually  remain  as  the  Haversian  canals. 

Ossification  having  thus  proceeded  for  some  time  in  the  shaft,  at 
length  begins  in  the  extremities  of  the  bone  from  one  or  more  inde- 
pendent centres,  and  extends  through  the  cartilage,  leaving,  however, 
a  thick  superficial  layer  of  it  unossified,  which  permanently  covers  the 
articular  end  of  the  bone.  The  epiphyses  thus  formed  continue  long 
separated  from  the  shaft  or  diaphysis  by  an  intervening  portion  of 
cartilage,  which  is  at  last  ossified,  and  the  bone  is  then  consolidated. 

Growth,  and  absorption  of  Bone. — The  time  of  final  junction 
of  the  epiphyses  is  ditferent  in  different  bones;  in  many  it  does 
not  arrive  until  the  body  has  reached  its  full  stature.      Meanwhile 
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Fig.  62. — Highly  magnified  Teansverse  Section  op  Superficial  Part  of  Femur — 
Human  Fcetus  (Kleiu). 
a,  b,  c,  periosteum  ;  c,  internal  layer,  with  numerous  osteoblasts,  passing  in  to  form 
d,  new  bony  growth,  which  is  covered  with  osteoblasts,  some  of  which  are  imbedded  in  it, 
forming  bone  corpuscles.  Numerous  blood-vessels  are  seen  cut  across,  in  the  periosteal 
ingro-\Hh,  some  filled  with  blood-corpuscles,  others  empty. 

the  bone  increases  in  length  by  the  ossification  continuing  to  extend 
into  the  intervening  cartilage,  which  goes  on  growing  at  the  same 
time ;  and  it  appears  that  in  the  part  of  the  shaft  already  ossified 
little  or  no  elongation  takes  place  by  interstitial  growth.  This 
is  shown  by  an  experiment  first  made  by  Hales  and  afterwards  by 
Duhamel  and  by  John  Hunter,  in  which,  two  or  more  holes  being  bored 
in  the  growing  bone  of  a  young  animal  at  a  certain  measured  distance 
from  each  other,  they  are  found  after  a  time  not  to  be  farther  asunder, 
although  the  bone  has  in  the  mean  while  considerably  increased  in 
length.*  In  like  manner  the  shaft  also  increases  in  circumference  by 
deposition  of  new  bone  on  its  external  surface,  while  at  the  same  time 
its  medullary  canal  is  enlarged  by  absorption  from  within.     A  ring  of 

*  Hales,  Veget.  Statics.,  4th  edit.  p.  340  ;  Duhamel,  Mem.  de  I'Acad.  des  Sc.  1743  et 
seq.  Hunter  (reported  by  Home)  in  Trans,  of  Soc.  for  Imp.  of  Med.  and  Chir.  Know- 
ledge, vol.  ii.  ;  also  Catalogue  of  Hunterian  Museum,  vol.  i.,  p.  249.  Duhamel  was  led 
from  some  of  his  experiments  to  infer  that  an  interstitial  elongation  took  place  near  the 
ends  ;  but  there  is  some  doubt  left  as  to  the  precise  circumstances  of  the  experiments  in 
these  cases.    Both  Hales  and  Duhamel,  in  experimenting  on  the  growing  tibia  of  a  chicken, 
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silver  or  platinum  put  round  the  wing  bone  of  a  growing  pigeon, 
becomes  covered  with  new  bone  from  without,  and  the  original  bone 
included  within  it  gets  thinner,  or,  according  to  Duhamel,  who  first 
made  the  experiment,  is  entirely  removed,  so  tlaat  the  ring  comes  to  lie 
within  the  enlarged  medullary  canal. 

Madder  given  to  an  animal  along  with  its  food  tinges  those  parts  in  'trMcli 
deposition  of  new  bone  is  taking  place.  The  earth  of  bone  appears  to  act;  as  a 
sort  of  mordant,  uniting  with  and  fixing  the  colouring  matter  ;  and,  as  in  this 
way  the  new  osseous  growth  can  be  readily  distinguished  from  the  old,  advantage 
was  taken  of  the  fact  by  Duhamel,  and  afterwards  by  Hunter,  in  their  inquiries 
as  to  the  manner  in  which  bones  increase  in  size.  By  their  experiments  it  was 
shown  that  when  madder  is  given  to  a  young  pig  for  some  weeks,  the  external 
part  of  its  bones  is  deeply  reddened,  proving  that  the  new  osseous  matter  is 
laid  on  at  the  siu'face  of  that  pre\'iously  formed.  Again,  it  was  found  that, 
when  the  madder  was  discontinued  for  some  time  before  the  animal  was 
killed,  an  exterior  white  stratum  (the  last  formed)  appeared  above  the  red  one^ 
whilst  the  internal  white  jDart,  which  was  situated  within  the  red,  and  had 
been  fomied  before  any  madder  was  given,  had  become  much  thinner  ;  showing 
that  absorption  takes  place  from  within.  In  this  last  modification  of  the  exjDeri- 
ment  also,  as  noted  by  Hunter,  a  transverse  red  mark  is  observed  near  the  ends 
of  the  bone,  beyond  which  they  are  white  ;  the  red  i^art  indicating  the  gro^^-th 
in  length  during-  the  use  of  the  madder,  and  the  white  beyond,  that  which  has 
taken  place  subsequently, — thus  showing  that  the  increase  in  length  is  caused 
by  the  addition  of  new  matter  to  the  extremities.  But  other  chaug^es  take 
place  in  the  bone.  The  spaces  in  the  cancellated  structure,  as  well  as  the 
medullary  canal,  become  enlarged  by  absorption ;  whilst  in  other  paiis  the  tissue  be- 
comes more  compact  by  farther  deposit  on  the  inner  surface  of  the  vascular  cavities. 
The  sides  of  the  shaft  in  particular  acquire  greater  solidity  by  the  narrowing  of 
the  Haversian  canals,  within  which  the  osteoblasts  continue  to  deposit  fresh 
layers  of  bone  ;  and  madder  administered  while  this  process  is  going  on,  colours 
the  interior  and  recently-formed  laminse,  so  that  in  a  cross  section  the  Haver- 
sian apertures  appear  surrounded  with  a  red  ring. 

Flourens,*  and  more  recently,  KoUiker,  have  repeated  and  varied  these  experi- 
ments, and  have  represented  the  results  in  beautiful  delineations.  Kolliker  has, 
in  addition,  carefully  investigated  the  microscopic  appearances  obserA'ed  in  the 
process  of  absorption  of  bone.  From  the  results  of  his  researches  (which  were  in 
part  anticipated  by  those  of  Loven),-j-  it  would  seem  that  the  process  is  essentially 
dependent  on  the  presence  of  large  multi-nucleated  ceUs,  by  him  termed  '•  osto- 
clasts"  (the  myeloplaques  of  Robui),  which  excavate,  in  the  part  which  is 
undergoing  absoriDtion,  smaU  shallow  pits  (foveolcc)  in  which  also  they  lie. 
Tliese  pits  were  iu-st  noticed  by  Howship  :  they  seem  to  occur  wherever 
absorption  is  proceeding,  and  it  is  to  them  that  the  festooned  appearance  of 
the  Haversian  spaces  is  due.  The  ostoclasts  (fig.  63)  vary  in  size,  but  are  alwaj's 
many  times  larger  than  a  blood-corpuscle  :  in  shape  they  are  almost  always  flat- 
tened, with  either  an  even  or  an  uTcgular  outline.  Thek  substance  is  granular, 
and  they  each  contain  from  two  to  ten  clear  round  nuclei,  but  this  number 
may  be  considerably  exceeded.  The  ostoclasts  frequently  present  on  the  side 
by  which  they  are  in  contact  with  the  bone  a  thickened  striated  border 
(fig.  63,  a),  somewhat  similar  to  the  well-known  thickened  base  of  the  columnar 
epithelium  cells  of  the  intestine.  "With  respect  to  the  origin  and  destiny  of  the 
ostoclasts,  they  are  regarded  by  Kolliker  both  as  in  the  first  instance  derived 
from  and  as  eventually  breaking  u|p  into  osteoblasts.   Wegner, J  on  the  other  hand, 

observed  that  the  addition  of  new  bone  was  much  greater  at  the  upper  end.  Humpbry 
has  found  that  in  the  femur  the  elongation  is  greater  at  the  loicer,  and  in  the  humerus 
at  the  upper  end  of  the  shaft  (Jled.  Chir.  Trans,,  voL  xliv.). 

*  Recherches  sin-  le  Developpement  des  Os  et  des  Dents.     Paris,  1842. 

+  Loc.  cit.,  I860. 

i  Yirch.  Archiv.  M.  1873. 
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Fig.  63. — Three  Ostoclasts  from  Absorption 
Surfaces  of  Growing  Bone.  400  Diameters 
(Kolliker). 

a,  with  tliickened  striated  border. 


describes  tb.em  as  springing-  originally  from  the  cells  which  compose  the  -walls  of 
the  blood-vessels.  Ostoclasts  are  found  in  connection  with  the  roots  of  the  milk 
teeth  where  these  are  undergoing  absorption  to  make  way  for  the  permanent  set : 

and  cells  precisely  similar  occur 
Pig,  63,  in  various  situations  quite  apart 

from  any  hard  tissue,  and  in 
such  situations  have  long  been 
known  as "'  giant-cells  "  (Riesen- 
zellen,  Virchow).  ■  Whether  in 
these  cases  also  they  are  con- 
cerned in  any  way  with  absorp- 
tion is  unknown. 

The  changes  of  shape  which 
the  bones  undergo  in  the  pro- 
cess of  growth,  as  well  as  any 
changes  which  may  occur  in 
them  in  adult  life,  are  all  pro- 
duced in  the  same  manner  as 
the  increase  of  size — that  is  to 
say,  not  by  interstitial  growth 
and  expansion  of  the  sub- 
stance of  the  bone  in  one  direction  more  than  in  another,  but  by  a  deposition 
of  new  bone  by  osteoblasts  at  some  i^arts  and  a  simultaneous  absorption  by 
ostoclasts  at  others  ;  whilst  in  other  places  again  neither  absorption  nor  deposi- 
tion is  occm-ring — just  as  a  modeller  corrects  his  work  by  plastering  the  clay 
on  at  one  part  whilst  scraping  it  away  at  another  part.* 

From  the  foregoing  account  of  the  development  of  bone,  it  is  evident  that  a 
great  portion  of  a  long  bone  is  formed  independently  of  cartilage.  It  appears  there- 
fore reasonable  to  consider  the  pre-existence  of  that  tissue  as  not  being  a  necessary 
condition  of  the  ossific  process,  and  to  regard  the  precursory  cartilage  of  the 
foetal  skeleton  in  the  lig-ht  of  a  temporary  substitute  for  bone,  and  also  as  afford- 
ing, as  it  were,  a  mould  of  definite  figure  and  of  soft  but  yet  suificiently  consistent 
material  in  which  the  osseous  tissue  may  be  at  first  deposited  and  assume  a  suit- 
able form.  In  fact  the  cartilage-cells  are  not  ossified,  and,  as  to  the  slender  walls 
of  the  primary  areolae  formed  by  calcification  of  the  intercellular  cartilaginous 
matrix,  most  of  them  are,  in  a  long  bone,  swept  aw'ay  by  absolution,  in  the 
excavation  of  the  medullary  canal ;  so  that  they  can  only  remain— coated,  how- 
ever, and  obscured  by  secondary  laminated  deposit— in  the  cancellar  structure  of 
bones  which  begin  to  ossify  in  cartilage,f 

The  time  of  commencement  of  ossification  in  the  different  bones,  as  well  as 
the  number  and  mode  of  conjruiction  of  their  centres  of  ossification,  are  subjects 
that  belong  to  special  anatomy.  It  may,  however,  be  here  remarked  in  general, 
that  the  commencement  of  ossification  does  not  in  all  cases  follow  the  order  in 
which  the  bones  appear  in  their  soft  or  cartilaginous  state.  The  vertebra,  for 
instance,  appear  as  cartilages  before  there  is  any  trace  of  the  clavicle,  yet 
ossification  begins  in  the  latter  sooner  than  in  any  other  bone  of  the  skeleton. 
The  time  when  it  commences  in  the  clavicle,  and  consequently  the  date  of  the 
first  ossification  in  the  skeleton,  is  referred  by  some   to  the  seventh  week  of 

*  For  special  details  of  this  modelling  process  as  it  is  met  with  in  the  different  bones 
of  the  skeleton,  the  reader  is  referred  to  Kolliker's  memoir  :  Die  normale  Resorption  des 
Knochengewebes .     Leipzig,  1873. 

+  Nesbitt,  in  1736,  maintained  that  the  cartilage  is  "entirely  destroyed  ; "  he  there- 
fore considered  it  to  be  a  mere  temporary  substitute  ;  bat  the  steps  of  the  process  of 
intracartilaginous  ossification  as  now  traced  with  the  aid  of  the  microscope  were  unknown 
to  him.  The  view  stated  in  the  text,  together  with  most  of  the  facts  adduced  in  support 
of  it,  was  announced  by  Sharpey  in  the  fifth  edition  of  this  work  in  1846,  but  notwith- 
standing the  comprehensive  researches  of  Bruch,  by  which  he  was  led  to  the  same  opinion 
(Denks.  d.  Schweitz.  naturf.  Gesells.  1852),  it  met  with  little  notice,  and  probably  less 
assent,  until  the  siibject  was  treated  of  in  a  special  memoir  by  the  late  H.  Miiller  (Zeits. 
fiir  wissensch.  Zool.  vol.  ix.,  1858),  to  whom  the  doctrine  in  its  modern  shape  is 
now  commonly  ascribed. 
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intra-titerine  life  ;  others  assign  a  considerably  earlier  period  ;  biit  owing  to  the 
luicertainty  that  prevails  as  to  the  age  of  early  embryos,  the  dates  of  commencing 
ossification  in  the  earliest  bones  cannot  be  given  with  precision. 

In  regard  to  the  number  and  arrangement  of  the  osseous  centres,  the  following 
g-eneral  facts  may  be  stated  : — 1.  In  the  long  bones  there  is  one  centre  of  ossifi- 
cation in  the  middle,  and  the  ends  are  for  the  most  part  ossified  from  separate 
centres  ;  whilst  a  layer  of  cartilage  remains  interposed  until  the  bone  has  nearly 
attained  its  full  leng-th.  By  this  means  the  bone  is  indurated  in  the  parts  where 
strength  is  most  required,  whilst  its  longitudinal  growth  is  facilitated.  2.  The 
larger  foramina  and  cavities  of  the  skeleton  are  for  the  most  part  formed  by  the 
junction  of  two,  but  more  generally  of  three  or  more  ossific  centres  around  the 
aperture  or  included  space.  The  vertebral  rings,  the  acetabulum,  the  occipital 
foramen,  and  the  cranium  itself,  are  illustrations  of  this.  It  is  easy  to  conceive 
that  in  this  way  the  ready  and  equable  enlargement  of  such  cavities  and  apertures 
is  provided  for.  3.  Bones  of  a  complex  figure,  like  the  vertebras,  have  usually 
many  centres  of  ossification  ;  but  the  converse  is  not  always  true.  4.  "We  can 
frequently  connect  the  number  of  ossific  centres  with  the  principle  of  imif ormity 
of  tjrpe  on  which  the  skeleton  of  veiiiebrated  animals  is  constructed.  Thus  the 
tj'pical  form  of  the  sternum  seems  to  be  that  of  a  series  of  distinct  bones,  one 
placed  between  each  pair-  of  ribs  in  front,  as  the  veii;ebr£e  are  behind,  and  tliis 
is  its  permanent  condition  in  many  quadrupeds.  In  man  it  conforms  to  the 
general  type  in  its  mode  of  formation,  in  so  far  as  it  is  ossified  from  several 
centres,  and  for  some  time  consists  of  several  pieces  ;  but,  to  suit  the  fabric  of 
the  human  thorax,  these  at  last  coalesce  one  with  another,  and  are  reduced  in 
number  to  three. 

Keg'eneration  of  Bone. — In  the  reunion  of  fractured  bones,  osseous  matter 
is  f  onned  between  and  around  the  broken  ends,  connecting  them  firmly  together  ; 
and  when  a  poi'tion  of  bone  dies,  as  happens  in  necrosis,  a  gro'vs'th  of  new  bone 
very  generally  takes  place  to  a  greater  or  less  extent,  and  the  dead  pai-t  is 
thrown  off.  The  several  steps  of  the  process  of  restoration  in  these  instances 
are  so  fully  described  in  Avorks  on  Sui-gical  Pathology,  that  it  is  unnecessary  to 
add  to  the  length  of  this  chapter  by  introducing  an  account  of  them  here. 
Nevertheless  it  may  be  well  to  refer  briefly  to  the  importance  of  the  periosteum 
in  the  process  of  repair,  a  point  that  was  urg'ed  by  Duhamel  and  Troja,  and 
more  recently  by  Syme  and  Oilier.*  It  is  well  known  that  if  a  portion  of 
periosteum  be  stripped  off,  the  subjacent  bone  will  be  liable  to  die  and  ex- 
foliate ;  conversely,  if  a  large  part  or  the  whole  of  a  bone  be  removed  and  the 
periosteum  at  the  same  time  be  left  intact,  the  bone  will,  in  a  great  measure,  be 
regenerated.  These  and  many  other  facts  connected  with  the  subject  of  osseous 
regeneration  have  been  very  fully  illustrated  by  the  experiments  of  Oilier, 
who  has  showTi,  amongst  other  things,  that  osseous  formation  will  even  occur  in 
connection  with  portions  of  periosteum  which  have  been  stripped  away  from  the 
bone  itself  and  intertwined  amongst  the  muscles  of  the  pai-t,  or  even  with 
portions  that  have  been  entirely  removed  from  a  bone  and  transplanted  to  a 
soft  tissue — as,  for  instance,  underneath  the  skin. 


MUSCULAR     TISSUE. 

The  muscular  tissue  is  that  by  means  of  which  the  active  movements 
of  the  body  are  produced.  It  consists  of  fine  fibres,  which  are  for  the 
most  part  collected  into  distinct  organs  called  muscles,  and  in  this  form 
it  is  familiarly  known  as  the  flesh  of  animals.  These  fibres  are  also 
disposed  round  the  sides  of  cavities  and  between  the  coats  of  hollow 
viscera,  forming  strata  of  greater  or  less  thickness.  The  muscular 
fibres  are  endowed  with  contractility,  a  remarkable  and  characteristic 
property,  by  virtue  of  which  they  shrink  or  contract  more  or  less 
rapidly  under  the   influence  of  certain  causes  which   are  capable  of 

*  Syme,  Trans.  E.  S.  Ed.  1840.    Oilier,  Traite  de  la  Kegeneration  des  Os.  Paris,  1867. 
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exciting  or  calling  into  play  the  property  in  question,  and  which  are 
therefore  named  stimuli.  A  large  class  of  muscles,  comprehending 
those  of  locomotion,  respiration,  expression,  and  some  others,  are 
excited  by  the  stimulus  of  the  will,  or  volition,  acting  on  them  through 
the  nerves  ;  these  are  therefore  named  "  voluntary  muscles,"  although 
some  of  them  habituallj^,  and  all  occasionally,  act  also  in  obedience  to 
other  stimuli.  There  are  other  muscles  or  muscular  fibres  which  are 
entirely  withdrawn  from  the  control  of  the  will,  such  as  those  of  the 
heart  and  intestinal  canal,  and  these  are  accordingly  named  "  involun- 
tary." These  two  classes  of  muscles  differ  not  only  in  the  mode  in 
which  they  are  excited  to  act,  but  also  to  a  certain  extent  in  their 
anatomical  characters;  and  on  this  account  we  shall  consider  the 
structure  of  each  class  separately. 

OF  THE  STRUCTURE  OP  VOLUNTARY  MUSCLES. 

The  voluntary  muscular  fibres  are  for  the  most  part  gathered  into 
distinct  masses  or  muscles  of  various  sizes  and  shapes,  but  most 
generally  of  an  oblong  form,  and  furnished  with  tendons  at  each 
extremity,  by  which  they  are  fixed  to  the  bones. 

The  two  attached  extremities  of  a  muscle  are  named,  in  anatomical 
descriptions,  its  origin  and  insertion ; — the  former  term  being  usually 
applied  to  the  attachment  which  is  considered  to  be  most  fixed,  although 
the  rule  cannot  be  always  applied  strictly.  The  fleshy  part  is  named 
the  belly,  which  in  some  cases  is  interrupted  in  the  middle  or  divided 
into  two  by  a  tendon,  and  then  the  muscle  is  said  to  be  biventral  or 
digastric;  on  the  other  hand  it  may  be  cleft  at  one  end  into  two  or 
three  portions,  in  which  case  it  is  named  bicipital  or  tricipital. 

The  muscular  fibres  are  collected  into  packets  or  bundles,  of  greater 
or  less  thickness,  named  fasciculi  or  lacerti  (fig.  64),  and  the  fibres 
themselves  are  commonly  described  as  consisting  of  much  finer  threads, 
visible  by  the  aid  of  the  microscope,  which  are  termed  muscular  fila- 
ments, fibrillas,  or  fibrils  (fig.  65,  c).  The  fibrils  run  parallel  with 
each  other  in  the  fibres,  and  the  fibres  are  parallel  in  the  fasciculi ;  and 
the  fasciculi  extend  continuously  from  one  terminal  tendon  to  the  other, 
unless  in  those  instances,  like  the  rectus  muscle  of  the  abdomen  and  the 
digastric  of  the  inferior  maxilla,  in  which  the  fleshy  part  is  interrupted 
by  interposed  tendinous  tissue.  The  fasciculi  also  very  generally  run 
parallel,  and,  although  in  many  instances  they  converge  towards  their 
tendinous  attachment  with  various  degrees  of  inclination,  yet  in  the 
voluntary  muscles  they  do  not  interlace  with  one  another. 

Sheath. — An  outward  investment  or  sheath  of  areolar  tissue  (some- 
times named  jierimysium)  surrounds  the  entire  muscle,  and  sends  par- 
titions inwards  between  the  fasciculi ;  furnishing  to  each  of  them  a 
special  sheath.  The  areolar  tissue  extends  also  between  the  fibres,  but 
does  not  afford  to  each  a  continuous  investment,  and  therefore  cannot 
be  said  to  form  sheaths  for  them.  Every  fibre,  it  is  true,  has  a  tubular 
sheath ;  but  this,  as  will  be  afterwards  explained,  is  not  derived  from 
the  areolar  tissue.  The  tissue  of  the  sheath  is  composed  of  elastic 
(yellow)  as  Avell  as  of  white  fibres ;  but  the  elastic  element  is  found 
principally  in  its  investing  (as  distinguished  fr'om  its  penetrating) 
portion.  The  chief  uses  of  the  areolar  tissue  are  to  connect  the  fibres 
and  fasciculi  together,  and  to  conduct  and  support  the  blood-vessels  and 
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nerves  in  their  ramifications  between  these  parts.  The  relation  of 
these  different  subdivisions  of  a  muscle  to  each  other,  as  well  as  the 
shape  of  the  fasciculi  and  fibres,  is  well  shown  by  a  transverse  section 
(figs.  64  and  65). 


Fig.  64. 


Fig.  65. 


W'M 
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Fig.  64. — A,  Small  Portion  of  Muscle,  natural  size;  B,  the  same  magis'ified 
5  Diameters,  consisting  op  larger  and  smaller  Fasciculi,  seen  in  a  Transverse 
Section. 

Fig.  65. — A  EE-ff  Muscular  Fibres,  being  part  op  a  small  Fasciculus,  magnified, 
showing  the  Transverse  Stri^. 

a,  end  view  of  6,  i,  fibres  ;  c,  a  fibre  split  into  fibrils. 


PascicTili. — The  fasciculi  are  of  a  prismatic  figure,  and  their  sections 
have  therefore  an  angular  outline.  The  number  of  fibres  of  which 
they  consist  varies,  so  that  they  differ  in  thickness,  and  a  large  fasciculus 
maybe  divisible  into  two  or  three  orders  of  successively  smaller  bundles, 
but  of  no  regularly  diminishing  magnitude.  Some  muscles  have  large, 
others  only  small  fasciculi ;  and  the  coarse  or  fine  texture  of  a  muscle, 
as  recognized  by  the  dissector,  depends  on  this  circumstance.  The 
length  of  the  fasciculi  is  not  always  proportioned  to  the  length  of  the 
muscle,  but  depends  on  the  arrangement  of  the  tendons  to  which  their 
extremities  are  attached.  When  the  tendons  are  limited  to  the  ends  of 
a  long  muscle,  as  in  the  sartorius,  the  fasciculi,  having  to  pass  from 
one  extremity  to  the  other,  are  of  great  length ;  but  a  long  muscle  may 
be  made  up  of  a  series  of  short  fasciculi  attached  obliquely  to  one  or 
both  sides  of  a  tendon,  which  advances  some  way  upon  the  surface  or 
into  the  midst  of  the. fleshy  jDart,  as  in  the  instances  of  the  rectus 
muscle  of  the  thigh,  and  the  tibialis  posticus.  Muscles  of  the  kind 
last  referred  to  are  named  "  penniform,"  from  their  resemblance  to  the 
plume  of  a  feather,  and  other  modifications  of  the  arrangement,  which 
can  be  readily  conceived,  are  named  " semi-penniform "  and  "com- 
pound penniform."  Many  short  fasciculi  connected  thus  to  a  long- 
tendon,  produce  by  their  combined  operation  a  more  powerful  effect 
than  a  few  fasciculi  running  nearly  the  whole  length  of  the  muscle ; 
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but  by  the  latter  arrangement  the  extent  of  motion  is  greater,  for  the 
points  of  attachment  are  moved  through  a  longer  space. 

Fibres  ;  their  figure  and  measurement. — In  shape  the  fibres  are 
cylindrical,  or  prismatic,  and  in  the  latter  case  often  with  rounded 
surfaces  and  angles.  Their  size  is  tolerably  uniform,  although  fibres 
occur  here  and  there  in  a  muscle  which  differ  greatly  in  size  from  the 
prevailing  standard.  Bowman  gave  the  average  diameter  in  the  male 
at  -Tj-i-Tr  and  in  the  female  at  ~}^  of  an  inch.  According  to  later  mea- 
surements by  Kolliker  in  different  regions  of  the  body,  the  prevailing 


size  of  the  fibres  in  the  muscles  of  the  trunk  and  limbs  is  from 


to 
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4-^  of  an  inch,  but  is  less  in  those  of  the  head,  especially  in  the  facial 
muscles,  in  which  he  found  the   diameter  to  range  from  y;^^  down  to 
2~jVo  of  »i^  inch. 
Cross    stripes. — When  viewed   by  transmitted  light  with  a  suffi- 
ciently high  power  of 
Fig-  66.  the    microscope,   the 

fibres,  which  are  then 
clear  and  pellucid  in 
aspect,  appear  marked 
with  fine  parallel 
stripes  or  bands  pass- 
ing across  them  di- 
rectly or  somewhat 
obliquely  with  great 
regularity  (figs.  65 
and  60,  A),  and 
this  not  only  at  the 
surface  but,  as  may 
be  seen  by  altering 
the  focus  of  the  mi- 
croscope, throughout 
its  substance  also. 
The  stripes  are  com- 
monly said  to  be 
dark,  with  light  in- 
tervals; but  it  is  more 
correct  to  speak  of 
both  light  and  dark 
stripes  which  alter- 
nately cross  the  fibre. 
The  dark  and  light 
stripes  are  nearly  of 
equal  breadth,  and 
there  also  may  be  seen , 
very  generally  but  not 
in  all  cases,  a  fine  dark  dotted  line  (first  noticed  by  Busk  and  Huxley) 
passing  along  the  middle  of  the  light  stripe,  and  dividing  it  into  two 
(fig.  66,  a).  About  eight  or  nine  dark  and  as  many  light  stripes  may 
be  counted  in  the  length  of  y^^nr  of  an  inch,  which  would  give  about 
_^^__  inch  as  the  breadth  of  each.  But  whilst  this  may  be  assigned 
as  their  usual  breadth,  they  are  in  different  parts  found  to  be  much 
narrower,  so  that  not  unfrequently  they  are  double  the  above  number  in 
an  equal  space.     This  closer  approximation  may  generally  be  noticed  in 
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Fig.     66. A,    POKTION    OP    A     JLEDIUM-SIZED    HUJMAN    MUS- 

cuLAE  Fibre,  magnified  nearly  800  Diameters. 

B,  Separated  bundles  of  Fibrils,  equally  magnified. 
«,  a,  larger,  and  b,  b,  smaller  collections  ;  c,  still  smaller ; 
d,  d,  the  smallest  wliicli  could  be  detached. 
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thicker  and  apparently  contracted  parts  of  the  fibre,  but  it  is  by  no 
means  confined  to  such  parts.  This  cross-striped  appearance,  which  is 
most  beautiful  and  characteristic,  is  found  in  all  the  voluntary  muscles ; 
but  it  is  not  altogether  confined  to  them,  for  it  is  seen  in  the  fibres  of 
the  heart,  which  is  a  strictly  involuntary  organ :  striped  fibres  are  also 
found  in  the  pharynx  and  upper  part  of  the  gullet,  in  the  muscles  of 
the  internal  ear,  and  those  of  the  urethra,  parts  which  are  not  under 
the  direct  control  of  the  will. 

Structure  of  the  fibres. — A  muscular  fibre  may  be  said  to  consist 
of  a  soft  contractile  substance  inclosed  in  a  tubular  sheath. 

This,  the  proper  sheath  of  the  fibre,  is  named  sarcolemma  or  myo- 
lemma.  It  consists  of  transparent  and  apparently  homogeneous  mem- 
brane agreeing  in  chemical  characters  with  elastic  tissue,  and,  being 
comparatively  tough,  will  sometimes  remain  entire  when  the  included 
fibrils  are  ruptured  by  stretching  the  fibre,  as  represented  in  fig,  67. 
In  this  way  its  existence  may  be 
demonstrated;   and  it  is  especially  Fig,  57, 

well  seen  in  fish  and  other  animals 
which  have  large  fibres,  for  in  these 
it  is  thicker  and  stronger.  It  may 
also  be  well  shown  in  fresh  muscular 
fibres  from  the  frog,  by  exposing 
them  to  water  under  the  micro- 
scope. The  fluid  is  imbibed,  and 
then  collects  between  the  substance       ^%    67. -Muscular    Fibre   of  Fish. 

f-    ,^        n^  J     -i.         1         j.-r  X  bUBSTANCB     OP     }<IBRE     RUPTURED     SO 

of  the  fibre  and  its  sheath  so  as  to  ^g  ^^  ^^^^^^^  Sarcolemma.      (After 

separate   the  membrane  and  make         Bowman.) 

it  apparent.     At  the  same  time,  as 

regards  mammalian  muscles,  it  must  be  admitted  that  it  is  not  always 

easy  to  bring  the  sarcolemma  distinctly  into  view. 

The  proper  substance  of  the  fibre  presents,  besides  the  cross-striped 
appearance  already  mentioned,  also  an  appearance  of  longitudinal 
striation,  which  is  the  better  marked  where  the  transverse  striation  is 
less  distinct.  On  separating  the  fibre  with  needles,  especially  after 
hardening  in  alcohol  or  solution  of  osmic  acid,  it  may  be  broken  up 
longitudinally  into  the  so-called  fibrils,  Avhich,  when  of  a  certain  fineness, 
appear  to  consist  of  a  row  of  dark  quadrangular  particles  (fig.  66  B,  5), 
with  bright  intervals,  the  latter  being  commonly  traversed  by  a  dark 
dotted  line,  c.  These  rows  of  quadrangular  particles  may,  however,  be 
further  separated,  and  the  finest  of  the  filaments  so  obtainable  present 
the  appearance  of  lines  regularly  broken  at  short  distances  with  a  dot  in 
each  of  the  breaks,  d.  Each  such  thread  may  be  looked  upon  as  an  ulti- 
mate fibril.  It  must,  however,  be  borne  in  mind  that  the  fibre  is  not 
actually  composed  of  these,  but  that  there  is  in  addition  a  not  inconsider- 
able amount  of  connecting  substance.  Under  certain  circumstances  the 
fibres  show  a  tendency  to  cleave  across  in  a  direction  parallel  to  the 
stripes,  and  even  to  break  up  into  transverse  plates  or  disks,  which  are 
formed  by  the  lateral  cohesion  of  the  particles  of  adjacent  fibrils.  To 
make  up  such  a  disk,  therefore,  every  fibril  contributes  a  particle,  which 
separates  from  those  of  its  own  fibril,  but  coheres  with  its  neighbour 
on  each  side,  and  this  with  perfect  regularity.  Indeed,  Bowman  con- 
ceives that  the  subdivision  of  a  fibre  into  fibrilte  is  merely  a  pheno- 
menon of  the  same  kind,  only  of  more  common  occurrence,  the  cleavage 
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in  the  latter  case  taking  place  longitudinally  instead  of  transversely : 
accordingly,  he  considers  that  the  fibrillte  have  no  existence  as  such  in 
the  fibre,  any  more  than  the  disks;  but  that  both  the  one  and  the 
other  owe  their  origin  to  the  regular  arrangement  of  the  particles  of 
the  fibre  (sarcous  elements)  longitudinally  and  transversely,  whereby, 
on  the  application  of  a  severing  force,  it  cleaves  in  the  one  or  in  the 
other  direction  into  regular  segments.  Kolliker,  on  the  other  hand, 
holds  to  the  opinion  that  the  fibrils  pre-exist  as  such,  and  that  they 
are  of  essentially  the  same  nature  from  end  to  end  of  the  fibre,  the 
alternating  dark  and  light  parts  being  due  to  differences  in  optical 
characters  merely :  he  describes  them  as  being  collected  into  definite 
bundles  (which  make  up  a  fibre),  termed  by  him  "  muscle-columns." 

It  is  difficult,  however,  on  account  of  the  extreme  delicacy  of  the 
elements  composing  it  and  the  readiness  with  which  changes  occur  in 
them,  to  make  out,  with  the  means  at  present  at  our  command,  the 
exact  structure  of  the  mammalian  muscular  fibre  ;  and,  to  endeavour 
to  attain  to  a  satisfactory  knowledge  of  the  subject,  histologists  have 
therefore  largely  availed  themselves  of  the  facilities  afPorded  by 
the  muscular  fibres  of  the  arthropoda,  and  especially  of  the  water- 
beetle,  which  are  quite  similar  in  appearance  and  character,  but  in 
which  the  elements  are  relatively  large,  these  fibres,  moreover,  are 
readily  obtained  in  a  perfectly  unaltered  and  still  contractile  condition. 
Such  muscular  fibres,  when  examined,  without  the  addition  of  any 
fluid,  under  a  high  power  of  the  microscope,  in  wdiat  may  be  considered 
their  typical  condition,  present,  like  mammalian  muscle,  the  appear- 
ance of  alternate  dim  and  bright  stripes  crossing  the  fibre.  Each 
dim  stripe  is  seen  to  be  pervaded  by  a  series  of  minute  rod-shaped 

particles  set  side  by  side,  with  their 
axes  parallel  to  that  of  the  fibre  (fig. 
68).  Crossing  the  fibre  in  the  middle 
of  each  of  the  bright  stripes  a  double 
row  of  dots  (c)  is  apparent  ;  and 
on  close  inspection  it  may  be  seen 
that  each  rod-shaped  particle  of  the 
dim  stripe  is  traceable  at  each  end 
into  one  of  the  dots  of  the  bright 
stripe :  the  dots  consequently  are 
merely  the  knobbed  ends  of  the  rod- 
shaped  particles.  In  this  way  the 
whole  fibre  is  pervaded  by  these 
minute  rods  (muscle-rods,  d ).  The 
muscle-rods  refract  the  light  more 
strongly  than  the  rest  of  the  mus- 
cular substance,  and  hence  appear 
somewhat  darker;  like  that  sub- 
stance, they  are  probably  of  a  soft 
and  yielding  nature. 

Now  it  can  be  shown  that  a  linear 
series  of  strongly  refracting  sphe- 
roids, like  the  enlarged  ends  of  the 
muscle-rods,  must  necessarily  have 
the  effect,  when  viewed  by  trans- 
mitted light,  of  producing  a   bright   band,   due  to   diffraction,   on 
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Fig.  68.— LivraG  Muscle  of  Water- 
beetle  (Dytiscus  marginalis), 
highly  magnified. 

s,  sarcolemma ;  a,  dim  stripe ;  5, 
bright  strii^e  ;  c,  rows  of  dots  in  bright 
stripe  -which  are  seen  to  be  the  iinobbed 
heads  of  d,  mnscle  rods. 
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either  side,  jnst  as  a  minute  oil-globule  in  -water  appears  surrounded 
with  a  bright  halo  when  examined  under  the  microscope.  According 
to  this  vicTV'  the  proper  substance  of  the  muscle  may  be  re- 
garded as  consisting  of  a  homogeneous  ground-substance,  in  which 
lie  imbedded  successive  series  of  rod-shaped  particles,  the  enlarged 
ends  of  which  give  the  appearance  of  transA^erse  lines  of  dots,  and, 
by  diffi*action,  produce  a  relatiyely  bright  appearance  in  their  im- 
mediate neighbourhood,  and  therefore  rise  to  the  briglit  bands.*  In 
transverse  section  the  muscle  rods  appear,  if  the  muscle  be  perfectly 
fresh,  as  minute  round  dots  in  the  homogeneous  ground-substance  (fig.  69). 

¥m.  69.  Fig.   70. 
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Fig.    69.— Transverse   Section   op   a  Small  Muscular   Fibre   of   Water-Beetle. 

Highly  Magnified. 

s,  sarcolemma. 

Fig.  70. — Transverse  Section  op  Portion  of  I\Iuscular  Fibre  of  Lobster.    ExAiiiKSB 

IN  Salt  Solution  (i  percent.)  and  Magnified  400  Diameters  (Kolliker). 
The  polygonal  areas  of  Colinheini  are  seen,  and  among  tliem  two  or  tliree  irregular  nuclei. 

Under  certain  circumstances,  especially  on  the  addition  of  any  fluid, 
this  appearance  vanishes,  and  the  ground  becomes  parted  off  into 
definite  polygonal  areas  (Cohnheim's  areas)  bounded  by  clear  bright 
lines  (fig.  70).  These  are  regarded  by  Kolliker  as  the  sections  of  the 
muscle-columns  described  by  him;  by  W.  Krause  as  the  ends  of  minute 
prisms  of  which  he  conceives  the  muscular  substance  to  be  made  up. 
They  are  not  observable  in  the  unaltered  condition  of  the  fibre. 

There  is  every  reason  to  believe  that  the  ground-substance  is  similar 
in  nature  to  ordinary  protoplasm  but  without  the  granular  character 
commonly,  but  not  always,  exhibited  by  the  latter.  Like  the  substance 
composing  the  plain  muscular  cells  shortly  to  be  described,  it  is  doubly 
refracting  (anisotropous),  whereas  the  substance  composing  the  muscle- 
rods  is  probably  singly  refracting  (isotropous). 

*  This  view  of  the  cause  of  the  appearance  is  supported  by  the  fact  that  in  cei'tain  fibres  the 
ends  of  the  rods  are  not  enlarged,  and  in  such  cases  the  bright  transverse  stripes  are  no 
longer  observed.  It  also  explains,  amongst  other  things,  why  it  is  that,  until  quite  lately, 
observers  have  failed  in  recognising  the  actual  continuation  of  the  rod-shaped  particles 
into  the  dots.  For  a  more  extended  account  of  the  subject,  as  well  as  a  notice  of 
the  recent  literature,  the  reader  is  referred  to  a  paper  on  ' '  The  Minute  Structure  of  the 
Leg-muscles  of  the  Water-beetle  "  in  the  Philosophical  Transactions  for  1873. 
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Since,  however,  the  rods  are  enclosed  in  anisotropous  substance  their  isotropous 
character  is  not  apparent  in  the  ordinary  condition  of  the  fibre,  but  the  appear- 
ances observable  in  the  contraction  of  muscle  under  polarized  light  lead  to  the 
above  conclusion. 

Brllcke  (from  the  appearance  of  dead  muscular  fibre  in  polarized  light)  described 
the  dark  stripes  as  being  anisotropous,  the  light  isotropous,  and  he  has  been 
followed  in  this  by  most  subsequent  writers  on  the  subject.  The  fact  has,  how- 
ever, been  almost  entirely  overlooked  that,  as  Briicke  himself  pointed  out,  in 
living  muscle  at  rest,  the  whole  of  the  muscular  substance  appears  doubly  refract- 
ing ;  and  it  is  only  in  contraction  that  the  alternate  stripes  ai^pear  singly 
refracting. 

Oar  theoretical  grounds  the  doubly  refracting  parts  of  a  muscular  fibre  have  been 
conceived  by  Briicke  to  be  made  up  of  an  aggregation  of  minute  doubly  refracting 
particles,  termed  by  him  disdiaclasts.  But,  while  the  doubly  refracting  property 
is  no  doubt  dependent  upon  the  ultimate  molecular  constitution  of  the  substance 
possessing  it,  it  is  by  no  means  proved  that  this  is  represented  by  particles  other 
than  the  molecules  of  which  that  substance  is  coiuposed. 

Changes  which  the  muscular  elements  undergo  in  contraction. — AMien  a 
portion  of  the  still  living  muscular  tissue  of  the  water-beetle  is  observed  under  the 
microscope,  contractions  may  be  seen  passing  in  waves  along  the  fibres  from  end  to 
end,  and  with  care  the  foUowmg  changes  may  be  made  out.  That  part  of  a  fibre 
which  is  undergoing  contraction  becomes  shorter  and  thicker,  in  all  probability  by 
the  contraction  of  the  protoplasmic  ground-substance  ;  the  rows  of  muscle-rods 
appear  at  the  same  time  to  get  pressed  down  the  one  upon  the  other,  so  that  the 
previously  double  row  of  rod-heads  in  the  middle  of  each  bright  stripe,  first 
becomes  blended  into  one  and  then  approximated  to  the  neighboiuing  rows,  the 

heads  of  the  muscle-rods  being  en- 
larged, and  their  shafts  encroached 
upon.  Now  since  it  has  been  shown  that 
the  briglit  bands  are  dependent  on  the 
diffraction  of  the  lines  of  rod-heads, 
it  is  easy  to  understand  that  they 
will,  accompanying  these,  encroach 
on  and  eventually  replace  the  dim 
stripe  in  which  the  shafts  of  the  rods 
lie.  So  that  when  the  portion  of 
muscle  is  fully  contracted  (fig.  71,  (?) 
the  closely  approximated  dark  stripes 
which  are  observed  are  in  reality  due 
to  the  enlarged  rod-heads  which  have 
more  or  less  blended  with  one  another ; 
while  the  bright  eft'ect,  which  is 
produced  by  reflection  of  light  from 
the  surface  of  the  disks  thus  formed, 
tends  to  obscure  the  attenuated 
shafts.* 

"When  a  contracted  fibre  is  Adewed 
under  polarized  light  the  dark  bands 
(wliich  are  foiined  in  this  case,  as  just 
explained,  by  the  coalesced  rod-heads) 
refract  the  light  singly  so  that  we  now 
get  dark  and  light  bands  crossing  the 
fibre  ;  it  is  possible  that  the  alter- 
nations of  doubly  and  singly  re- 
fracting parts,  which  are  commonly 
observed  in  preserved  specimens  of  muscle,  may  be  due  to  the  presence  of  a 
condition  similar  to  that  here  described. 


-Diagram    op    Contraction    of 
Muscle. 

r,  portion  at  rest ;  p,  portion  in  which 
contraction  is  proceeding  ;  c,  contracted  por- 
tion ;  d  r,  dark  stripe  of  muscle  at  rest ;  d  c, 
dark  stripe  of  contracted  muscle  formed  by 
apposition  of  the  enlarged  rod-heads. 


*  It  will  be  seen,  therefore,  that  in  the  process  of  contraction  the  relative  position  of 
the  light  and  dark  parts  of  the  fibre  becomes  altered,  so  that  the  stripe  wliich  was 
previously  dim  is  now  bright. 
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72. 
Fibre 
Acid, 


Feog's    Muscular 
treated   with   acetic 

SfAGNIEIED     350      DiAM. 

(from  KoUiker). 

The  nuclei  are  somewhat  shrunk. 
Interstitial  granules  in  longitu- 
dinal rows,  here  and  there. 


Unclei  or  muscle-corpuscles. — A  number  of  clear  oval  nuclei 
are  found  in  the  fibres  (sec  p.  154,  fig.  105, 
and  fig.  106  c).  In  mammalian  muscles 
they  lie  upon  the  inner  surface  of  the  sarco- 
lemma,  but  in  frogs  they  are  distributed 
through  the  substance  of  the  fibre  (fig. 
72).  Associated  with  and  surrounding 
them  is  a  certain  amount  of  granular  pro- 
toplasm, which  is  doubtless  connected  with 
the  growth  and  nutrition  of  the  muscle. 
It  shades  off  at  the  margins  into  the 
ground-substance  of  the  fibre.  Both  it 
and  the  ground- substance  are  to  be  re- 
garded as  the  remains  of  the  original 
formative  protoplasm  of  the  embryonic 
cells  which  compose  the  muscle  (Mas 
Schultze).  In  the  unaltered  condition 
the  nuclei  are  commonly  obscured,  but 
may  be  made  conspicuous  by  the  addition 
of  acetic  acid. 

Length  and  ending  of  tke  fibres. — 
The  fibres  composing  a  muscle   are  of 

limited  length,  not  exceeding  one  inch  and  a  half ;  and  accordingly 
in  a  long  fasciculus  a  fibre  does  not  reach 
from  one  tendinous  attachment  to  the  other, 
Ibut  ends  with  a  rounded  extremity,  invested 
with  its  sarcolemma,  and  cohering  with  neigh- 
bouring fibres.  Unless  when  either  is  fixed 
to  a  tendon,  both  extremities  of  the  fibre 
terminate  in  the  way  described,  so  that  it 
has  a  long  cylindrical  shape. 

Branched  fibres. — Generally  speaking  the 
fibres  neither  divide  nor  anastomose  ;  but  this 
rule  is  not  without  exception.  In  the  tongue 
of  the  frog  the  muscular  fibres  (fig.  73)  as 
they  approach  the  surface  divide  into  nume- 
rous branches,  by  which  they  are  attached 
to  the  under  surface  of  the  mucous  mem- 
brane. The  same  thing  has  also  been  seen 
in  the  tongue  of  man  and  various  other 
animals  ;  and  the  fibres  of  the  facial  muscles 
of  mammals  have  been  shown  by  Busk  and 
Huxley  to  divide  in  a  similar  manner  where 
they  fix  themselves  to  the  skin. 

Connection  with  tendons. — As  shown  by 
KoUiker,  the  mode  of  connection  differs  when 
the  muscular  fibres  are  continuous  in  a  direct 
line  with  those  of  the  tendon  from  that  Avhich 
is  observed  when  the  former  join  the  latter  at 
a  more  or  less  acute  angle.  In  the  first  case 
the  two  are  directly  continuous,  the  muscular 
fibre  being  distinguishable  from  that  of  the 
fibrous  tissue  by  its  striation  alone  (fig.  74,  B) 


Fig.  73.  ■ —  A  Branched 
Muscular  Fibre  fri'Ji 
THE  Frog's  Tongue,  mag- 
nified 350  DiAir.  (from 
Kolliker). 

In  the  second  case, 
I  2 
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the  muscular  fibres  terminate  in  rounded  ends,  which  are  received 
into  corresponding  depressions  of  the  tendinous  structure,  to  which  they 
cling ;  the  connective  tissue  of  the  one  being  continuous  with  that  of 
the  other  (fig.  74  A). 


Fig.   74. — Ending  op  Muscle  in  Tendon  (Kolliker). 

A,  Oblique  connection,  from  the  gastrocnemius  muscle,  250 
diameters,  h,  muscular  fibres  with  rounded  ends,  imited  by  inter- 
stitial connective  tissue  ;  c  to  a,  jaart  of  tbe  tendon. 

B,  Direct  continuity  of  muscular  substance,  a,  into  tendinous 
tissue,  h,  from  an  intercostal  muscle.     350  diameters. 

In  this  oblique  mode  of  a,ttachraent,  according  to  Weis- 
mann  and  du  Bois-Keymoncl,  the  ends  of  the  muscular  fibres 
are,  in  some  cases  at  least,  not  rounded  and  covered  by  sarco- 
lemma,  but  terminate  abnaptly  as  if  cut  across  ;  being,  as  it 
were,  cemented  to  the  tendon.  In  surface  view  the  ends 
present  a  facetted  appearance.  Ellis,  in  opposition  to  Kolliker, 
describes  the  connection  of  striated  muscle  with  tendon  as 
taking  jalace  in  the  following  manner  : — -When  a  muscular 
iibre  is  about  to  end  in  a  tendon,  its  component  fibrils  are 
collected  into  bundles  of  different  lengths  and  sizes  like  the 
roots  of  a  tree.  Around  each  bundle  tendinous  tissue  is 
collected,  forming  a  sheath  which  api^eai's  gi-adually  to  cease  as  it  is  continued 
backwards  on  the  undivided  fibre.  The  muscular  fibrils  of  a  bundle  in  approach- 
ing the  tendon  gi-adually  cease,  each  having  probably  its  own  tendinous  thread 
to  fix  it.  He  states  that,  where  the  attachment  is  oblique,  as  in  the  gastrocnemius 
and  soleus,  every  fibre  is  provided  with  its  separate  tendon  and  is  continuous  with 
it  as  above  described,  and  that  the  increasing  thickness  of  the  main  tendon 
from  above  downwards  is  due  to  successive  additions,  in  the  form  of  strata, 
of  the  contributing  tendons  from  the  lower  placed  layers  of  muscular  fibres. 

In  attaching  themselves  to  the  skin  and  mucous  raembranes,  the  muscular 
fibres  divide  into  pointed  processes  or  fine  filaments  which  are  continuous  with, 
those  of  the  connective  tissue  (Hyde  Salter). 


Blood-vessels. — The  blood-vessels  of  the  muscular  tissue  are  ex- 
tremely abundant,  so  that,  when  they  are  successfally  filled  with 
coloured  injection,  the  fleshy  part  of  the  muscle  contrasts  strongly 
with  its  tendons.  The  arteries,  accompanied  by  their  associate  veins, 
enter  the  muscle  at  various  points,  and  divide  into  branches  :  these 
pass  among  the  fasciculi,  crossing  over  them,  and  dividing  more  and 
more  as  they  get  between  the  finer  divisions  of  the  muscle ;  at  length, 
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penetrating  the  smallest  fasciculi,  tliey  end  in  capillary  vessels,  -wliich 
run  between  the  fibres.  The  vessels  are  supported  in  their  progress 
by  the  subdivisions  of  the  sheath  of  the  muscle,  to  which  also  they 
supply  capillaries.  The  capillaries  destined  for  the  proper  tissue  of  the 
muscle  are  extremely  small ;  they  form  among  the  fibres  a  fine  net- 
work, with  narrow  oblong  meshes  (fig.  75),  which  are  stretched  out  in 
the  direction  of  the  fibres  :  in 

other  words,  they  consist  of  Fig-  75. 

longitudinal  and  transverse 
vessels,  the  former  running 
parallel  with  the  muscular 
fibres,  and  lying  ia  the  angu- 
lar intervals  between  them, 
— the  latter,  which  are  much 
shorter,  crossing  between  the 

longitudinal  ones,  and  pass-  r^.      ^^       ^               „                  ,, 

.     f        ^     ^         1    •  fh         f    •  »■           —  Capillary    Vessels    op    Muscle, 

mg  over  or  unaer  tne  mter-  from    an    Injection    by    Liebeekuhn,    seen 

vennig  fibres.  with  a  loav  magnifying  power. 


Xoneof  the  capillaiy  vessels  enter  tlie  sarcolemma  or  proper  sheath  of  the  fibre, 
and  the  nutritions  fluid  which  they  convey  must  therefore  reach  the  finer 
elements  of  the  muscle  by  imbibition.  Moreover,  as  the  capillaries  do  not 
jaenetrate  the  fibres,  but  lie  between  them,  their  number  in  a  given  space,  or 
their  degree  of  closeness,  will  in  some  measui-e  be  regulated  by  the  number 
and  consequently  by  the  size  of  the  fibres  ;  and  accordingly  in  the  muscles  of 
different  animals  it  is  found  that,  w-hen  the  fibres  are  small,  the  vessels  are 
numerous  and  fonn  a  close  network,  and  rice  vessel :  in  other  w^ords.  the 
smaller  the  fibres,  the  greater  is  the  quantity  of  blood  supplied  to  the  same  bulk 
of  muscle.  In  confoi-mity  with  this,  we  see  that  in  birds  and  mammalia,  in 
which  the  process  of  nutrition  is  active,  and  where  the  rapid  change  requii-es  a 
copious  supply  of  material,  the  muscular  fibres  are  much  smaller  and  the  vessels 
more  numerous  than  in  cold-blooded  animals,  in  which  the  opposite  conditions 
prevail. 


Isymphatics. — Of  lymphatic  vessels  in  the  muscular  tissue  nothing 
certain  is  known.  The  rich  supply  of  these  vessels  in  the  sheaths  ot 
muscles  and  of  their  tendons  would  seem,  as  pointed  out  by  Ludwig 
and  Schweigger-Seidel,  to  serve  the  purpose  of  collecting  and  convey- 
ing away  the  lymph  from  those  organs,  but  how  the  fluid  reaches  the 
l^'mphatic  vessels  of  the  sheath  is  not  certainly  known :  probably  by  the 
medium  of  the  intercommunicating  cell-spaces  of  the  connective  tissue 
which,  as  before  remarked,  penetrates  between  the  fasciculi  and  fibres 
of  the  muscle. 

Nerves. — The  nerves  of  a  voluntary  muscle  are  of  considerable  size. 
Their  branches  pass  between  the  fasciculi,  and  repeatedly  unite  with 
each  other  in  form  of  a  plexus,  which  is  for  the  most  part  confined  to 
a  small  part  of  the  length  of  the  muscle,  or  muscular  division  in  which 
it  lies.  From  one  or  more  of  such  jminary  plexuses,  nervous  twigs 
proceed,  and  form  finer  plexuses  composed  of  slender  bundles,  each  con 
taining  not  more  than  two  or  three  dark-bordered  nerve-fibres,  whence 
single  fibres  pass  off  between  the  muscular  fibres  and  divide  into 
branches  which  are  finally  distributed  to  the  tissue.  The  mode  of 
final  distribution  will  be  described  with  the  general  anatomy  of  the 
nerves. 


118 


MUSCULAE  TISSUE. 


Nerves  of  small  size  accompany  the  branches  of  blood-vessels  within 
muscles  ;  though  destined  for  the  vessels,  these  nerves  are  said  some- 
times to  communicate  with  the  proper  muscular  plexuses. 


Fis 


£. 


INVOLUNTARY  MUSCLES. 

The  involuntary  muscular  tissue  differs  from  the  voluntary  kind,  not 
only  in  its  want  of  subjection  to  the  will,  but  also  in  its  external 
characters  ;  for  whilst  in  many  parts  it  appears  in  the  form  of  fibres, 
these,  except  in  the  heart  and  a  few  instances  of  less  note,  are  unmarked 

by  the  cross  lines  so  character- 
Fig.  76.  istic  of  the  striped  fibres  ;  more- 
over, they  are  in  reality  made 
up  of  elongated  contractile  cells 
cemented  together  by  some 
kind  of  uniting  medium. 

Plain  or  unstriped  mus- 
cular tissue. — This,  as  has 
just  been  remarked,  is  made 
up  of  cells,  named  contractile 
fibre-cells,  which  were  first  dis- 
tinguished as  the  true  elements 
of  the  tissue  by  Kolliker.  The 
cells  may  form  fibrous  bundles,, 
and  strata,  or  may  be  less  re- 
gularly arranged,  or  mixed  with 
other  tissues  in  greater  or  less 
proportion.  They  are  of  an 
elongated  fusiform  shape  (figs. 
76  and  77),  usually  pointed  at 
the  ends,  but  sometimes  ab- 
ruptly truncated,  and  are  round- 
ish or  prismatic  in  transverse 
section.  The  cells  vary  greatly 
in  length  according  to  the  part 
or  organ  in  which  they  are 
found.  Some  occur  which  are 
cleft  or  forked  at  one  end. 
Their  substance  is  finely  granu- 
lar and  commonly  exhibits  a. 
faint  longitudinal  striation.  It. 
has  a  smooth  soft  aspect,  and 
presents  no  indication  of  an 
envelope.  Each  has  a  nucleus. 
(a,  a),  rarely  more  than  one,, 
which  is  always  elongated  and 
either  oval  or  rod-shaped. 
Towards  each  end  of  the  nu- 
cleus the  substance  of  the  cell 
usually  contains  a  few  larger  granules  arranged  in  linear  series. 

The  plain  muscular  tissue  is  for  the  most  part  disposed  between  the 
coats  of  the  membranous  viscera,  as  the  stomach,  intestines,  and  bladder, 
in  the  parietes  of  the  air-tubes,  excretory  ducts  of  glands,  and  the  like. 


Fig.  77.  —  Muscular  Fibre-Cells 
FKosi  Human  Akterie.s,  magnified 
350  diameters  (Kolliker). 

a,  natural    state  ;    6,    treated  with 
acetic  acid. 


Fig.  76. — Muscular  Fibre-Cell  from  the 
Muscular  Coat  op  the  Small  Intestine, 
MAGNIFIED  (KoUiker). 
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It  is  generally  collected  into  larger  and  smaller  fasciculi,  which  in  many 
cases  cross  one  another  and  interlace.  The  fasciculi  are  conn.'»cted  at 
their  ends  with  tendinous  tissue,  and  are  thus  inserted  into  the  mem- 
branous and  firmer  parts  in  the  neighbourhood.  Small  tendons  are 
also  fixed  by  blending  with  the  fibrous  sheaths  investing  contiguous 
muscular  bundles.  Ellis  states  that  in  the  gullet  the  longitudinal  mus- 
cular fasciculi  are  intersected  wholly  or  partially,  at  intervals  of  from  -jV 
to  yL  of  an  inch,  by  small  tendons  into  which  they  are  inserted,  after 
the  fashion  of  the  rectus  abdominis,  only  on  a  miniature  scale. 

The  plain  muscular  tissue  is  met  with  in  the  lower  half  of  the  gullet, 
the  stomach,  and  the  whole  intestinal  canal ;  that  is,  both  in  the 
muscular  coat  of  the  alimentary  canal,  and  also  as  a  layer  in  the  tissue 
of  the  mucous  membrane,  and  in  the  villi  ;  in  the  trachea  and  bronchial 
tubes,  in  the  bladder  and  ureters,  and  the  ducts  of  the  larger  glands 
generally,  in  the  uterus  and  its  appendages,  in  the  corpora  cavernosa  of 
both  sexes,  in  the  prostate  gland,  and  in  the  ciliary  muscle  and  iris. 
The  middle  coat  of  the  arteries,  the  coats  of  many  veins  and  the  larger 
lymphatics  contain  plain  muscular  tissue.  It  has  also  been  detected  in 
certain  parts  of  the  skin,  in  the  dartos  or  subcutaneous  tissue  of  the 
scrotum,  and  in  form  of  minute  muscles  attached  to  the  hair-follicles. 

Muscular  Tissue  of  the  Heart. — The  fibres  of  the  heart  differ 
remarkably  from  those  of  involuntary  muscular  organs  in  general,  in- 
asmuch as  they  present  transverse  strife.  The  striaj,  however,  are  less 
strongly  marked,  and  less  regular,  and  the  fibres  are  smaller  in  dia- 
meter than  in  the  voluntary  muscles.  They  differ  also  from  these  in 
being  made  up  of  distinct  quadrangular  cells  (fig.  78)  joined  end  to 


Fig.  78. 
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Fig.  78. — Six  Muscular  Fibee-Cells  from  the  Heart.     Magkified  425  Diameters. 

a,  line  of  junction  between  two  cells  ;  h,  c,  branching  of  cells. 
From  a  drawing  by  Mr.  J.  E.  Neale. 

Fig.  79. — Muscular  Fibres  from  the  Heart,  magnified,   showing  their  cross 
STRi^,   divisions,  AND  JUNCTIONS  (KoUiker. ) 

end  and  often  presenting  a  branched  or  forked  appearance  near  one 
extremity  (c.)     Each  cell  has  commonly  a  single  clear   oval  nucleus 
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situate  near  the  centre  ;  occasionally  two  niaclei  are  seen.  The  cell 
substance  is  faintly  striated  longitudinally  as  well  as  transversely  :  it 
presents  no  indication  of  an  investing  membrane  or  sarcolemma. 

The  muscular  fibres  of  the  heart  freely  divide  and  anastomose  (fig. 
79),  the  junctions  with  neighbouring  fibres  being  effected  by  the 
medium  of  the  cell-oifsets  above  noticed. 


DEVELOPMENT    AND     GKOWTH     OF     MUSCLE. 

Development. — The  elements  of  the  plain  or  unstrijmd  muscular 
tissue  are  derived  from  embryonic  nucleated  cells,  consisting  of  granu- 
lar protoplasmic  substance,  as  usual  These  become  lengthened  out, 
pointed  at  the  ends,  and  flattened,  with  elongation  of  the  nucleus, 
whilst  their  substance  becomes  more  uniform  in  aspect,  and  acquires 
its  permanent  condition  and  characteristic  properties. 

The  striated  muscular  tissue  is  also  developed  in  the  embryo  from 
cells.  Schwann  considered  each  fibre  to  be  formed  by  the  linear  coa- 
lescence of  several  cells  ;  recent  researches,  however,  for  the  most  part, 
tend  to  establish  the  view,  originally  promulgated  by  Eemak, 
that  the  fibres  are  produced  by  the  elongation  of  single  cells,  with 
differentiation  of  their  contents  and  multiplication  of  their  nuclei. 
Wilson  Fox,  who  has  lately  investigated  the  process  in  the  tadpole,  the 
chick,  and  the  mammalian  embryo,  at  very  early  stages,  finds  that  the 
first  elements  of  the  muscular  fibres  are  rounded  or  oval  cells,  with  a 
clear  nucleus  and  granular  contents,  agreeing  in  all  respects  with  the 
cells  of  which  the  parts  of  the  embryo  body  originally  consist.  To 
form  a  muscular  fibre,  a  cell  elongates,  often  acquiring  pointed  ends  ; 
the  nucleus  generally  divides  into  two,  and  by  further  division  these  are 
multiplied  ;  a  fine  membrane,  at  first  absent  or  invisible,  is  soon 
discovered,  bounding  the  cell  and  enclosing  its  contents.  In  the 
meantime  the  substance  becomes  striated  longitudinally  at  one  part, 
and  more  transparent,  the  granules  disappearing.  The  striation, 
which  is  the  first  indication  of  the  proper  muscular  substance,  extends 
throughout  the  length  of  the  elongated  cell,  but  at  first  affects  only 
a  small  part  of  its  breadth,  and  the  remaining  space  is  occupied  by 
unchanged  granular  matter  and  the  nucleus  or  nuclei  which  lie  on  one 
side.  In  due  time,  however,  this  conversion  into  the  proper  muscular 
substance,  further  shown  by  the  appearance  of  cross  striee,  proceeds 
through  the  whole  thickness  of  the  cell,  or  fibre  as  it  may  now  be 
called  ;  the  enclosing  cell-membrane  becomes  the  sarcolemma,  and 
the  nuclei,  with  a  small  residue  of  the  granular  protoplasm  still 
adhering  to  them,  remain  as  the  muscle  corpuscles.'"' 

Growth. — The  muscular  fibres  of  the  growing  foetus,  after  having 
acquired  their  characteristic  form  and  structure,  continue  to  increase 
in  size  till  the  time  of  birth,  and  thenceforward  up  to  adult  age. 
In  a  full-grown  foetus  most  of  them  measure  twice,  and  some  of  them 
three  or  four  times  their  size  at  the  middle  of  foetal  life  ;  and  in 
the  adult  they  are  about  five  times  as  large  as  at  birth.  This  increase 
in  bulk  of  the  individual  fibres  would,  of  course,  so  far  account  for  the 
concomitant  enlargement  of  the  entire  muscles.  But  there  would  seem 
to  be  also  a  multiplication  of  the  fibres  ;  and  Budge  believes  he  has 

*  Phil.  Trans.  1866. 
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proved  this  as  regards  the  muscles  of  frogs.  Two  modes  of  production 
of  new  fibres  have  been  described — viz.,  firstly,  from  connective  tissue 
corpuscles  lying  between  the  existing  fibres,  by  a 
process  analogous  to  the  original  development  of  the 
muscle  (von  Wittich) ;  secondly,  by  the  splitting  up 
of  a  fibre  throughout  its  whole  length  into  two  or 
more  smaller  ones,  preceded  by  multiiDlication  of  its 
included  nuclei.  This  second  process  has  been  de- 
scribed by  Weismann  and  by  Kolliker  as  occurring 
in  frogs,  in  the  winter  season,  and  would  appear  to 
serve  for  the  replacement  of  fibres  destroyed  by  fatty 
degeneration,  which  is  said  to  be  not  uncommon 
in  these  creatures.  Beale,  however,  denies  that  the 
new  and  slender  fibres  are  derived  from  a  larger  one 
by  splitting  of  its  substance ;  he  believes  that  they 
are  produced  from  cells,  as  in  the  first  mode,  and 
that  the  old  fibre  is  removed. 

The  great  increase  in  the  muscular  tissue  of  the 
uterus  during  gestation  takes  place  both  by  elonga- 
tion and  thickening  of  the  pre-existing  fibre-cells  of 
which  that  non-striated  tissue  consists,  and  by  the 
development  of  new  muscular  fibre-cells  from  small, 
nucleated,  granular  cells  lying  in  the  tissue.  In  the 
shrinking  of  the  uterus  after  parturition  the  fibre- 
cells  also  diminish  to  their  previous  size ;  many  of 
them  become  filled  with  fat-granules  (fig.  80),  and 
many  are  doubtless  removed  by  absorption. 

As  far  as  can  be  concluded  from  the  observations 
and  experiments  that  have  hitherto  been  made  on 
the  subject,  the  striated  muscular  tissue  is  not  re- 
generated in  warm-blooded  animals.  It  is  true  that, 
when  a  muscle  is  cut  across,  or  a  portion  removed, 
the  breach  will  heal,  but  the  loss  of  substance  is  not  repaired  by  new- 
formed  muscular  tissue.  Striated  muscular  fibres  have  been  found  in 
certain  tumours  of  the  ovary  and  testicle,  but  these  cases  are  altogether 
peculiar  and  abnormal. 


P'ig.  80 — Muscular 
Fibke-Cellsfroji 
THE  Utekus, 

THREE         Weeks 

AFTER    DeLITERT, 

treated  with 
Acetic  Acid,  mag- 
kified  350dia3ie- 
TEKS  (Kcilliker). 

«,  nuclei ;    y,  fat- 
granules. 


COMPOSITION    AND    PROPERTIES     OF     MUSCULAR     TISSUE. 

Gliemical  composition. — Muscular  tissue  contains  nearly  80  per 
cent,  of  water,  so  that  in  being  dried  it  loses  about  four-fifths  of  its 
weight.  The  chief  and  characteristic  constituent  of  the  fibre  is  an 
albuminoid  body.  This  was  at  one  time  regarded  as  fibrin  ;  but,  as 
it  was  afterwards  shown  to  be  not  identical  with  that  substance,  it 
was  distinguished  by  the  name  of  syntonin;  the  ground  of  distinc- 
tion being,  that  syntonin  is  soluble  in  very  dilute  hydrochloric  acid,  and 
can  be  extracted  from  muscle  by  that  solvent ;  also,  that  its  solu- 
tion is  precipitated  by  neutral  salts.  More  recently,  the  subject  has 
been  investigated  by  Kiihne,  who  states  that  the  albuminoid  matter 
of  muscle  exists  in  the  fibres  in  a  liquid  form  during  life,  but  coagulates 
after  death,  and  thereby  gives  rise  to  the  cadaveric  rigidity  which  then 
invades  the  muscles.  T\^ien  extracted  from  fr-esh  and  still  irritable 
frogs'   muscles  at   a  temperature   of  freezing,  this  substance,  which 
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Kiihne  names  myosin,  is  liquid  ;  but  if  it  be  then  exposed  to  the  ordi- 
nary heat  of  the  atmosphere  it  partially  coagulates,  and  the  portion 
then  remaining  liquid  (the  muscle-scrum)  when  heated  to  112°  F.,  or 
less  if  it  be  strongly  acid,  yields  a  further  coagulum,  which  Kiihne  con- 
siders peculiar  to  muscle  ;  and  finally,  at  167°,  ordinary  coagulated 
albumin.  The  primary  coagulation  is  hastened  by  the  presence  of 
blood,  and  possibly  it  may  be  due  to  the  mutual  reaction  of  two  albu- 
minoids analogous  in  their  operation  to  the  fibrinogen  and  para-globulin 
of  the  blood  (ante,  p.  29).  The  coagulum  of  myosin  is  soluble  in 
strong  solutions  of  neutral  salts,  and  accordingly  it  may  thereby  be 
dissolved  out  of  dead  and  rigid  muscles  ;  but  it  loses  this  property  if 
previously  dissolved  in  dilute  hydrochloric  acid.  It  then,  in  fact, 
agrees  with  the  so-called  syntonin,  which  Kiihne  regards,  not  as  an 
original  albuminoid  of  muscle,  but  as  myosin  altered  by  the  process  of 
extraction.  It  has  been  suggested  that  the  ready  solution  of  muscular 
fibre  in  dilute  hydrochloric  acid  may  be  owing  to  the  presence  of 
pepsin  in  minute  quantity. 

Other  substances  also  exist  in  muscle,  but  in  very  small  propor- 
tion in  comparison  with  the  albuminoid  matter.  Most  of  them 
probably  result  from  the  process  of  wear  of  the  original  muscular 
substance.  Amongst  them  are,  —  1.  Kreatin  and  kreatinine,  both 
of  them  nitrogenized  and  crystalline,  the  former  neutral,  the  latter 
(derived  from  it)  alkaline ;  both  are  also  found  in  the  urine.  2.  Sarkin. 
'  3.  A  substance  termed  "  carnin,"  hitherto  only  found  in  Liebig's  ex- 
tract of  beef  (Weidel).  4.  Non-nitrogenized  substances,  viz, :  grape 
sugar;  inosit — an  unfermentable  sugar  from  the  tissue  of  the  heart; 
glycogen,  at  least  in  embryos  and  young  animals.  5.  Various  organic 
acids,  viz.,  lactic,  inosinic,  butyric,  'acetic,  formic,  and  uric.  6.  Salts, 
in  which  potash  predominates  over  soda,  magnesia  over  lime,  and  phos- 
phoric acid  over  chlorine, — muscle,  in  this  respect,  resembling  blood- 
corpuscles  as  contrasted  with  serum.  Lastly,  a  variable  amount  of  fat 
may  be  extracted  from  muscle,  and  also  gelatin;  the  latter  no  doubt 
from  connective  tissue  ;  for  it  must  be  remembered  that  a  piece  of 
muscle  subjected  to  analysis  comprehends,  along  with  the  proper  mus- 
cular fibres,  more  or  less  of  connective  tissue,  blood-vessels  and  nerves. 
The  account  here  given  of  the  chemical  constitution  of  muscle  applies 
especially  to  the  striped  variety,  but,  so  far  as  is  known,  it  is  essentially 
the  same  in  the  non-striated  tissue,  and  recent  researches  point  to  the 
probability  that  ordinary  protoplasm  possesses  a  similar  chemical 
constitution. 

The  juice  expressed  from  a  muscle  after  death,  and  especially  after  rigidity  has 
set  in,  is  acid,  from  the  presence  of  lactic  acid ;  so  that  the  cut  surface  of  a  dead 
muscle  reddens  litmus-paper.  On  the  other  hand,  a  perfectly  fresh  section  of 
muscle  in  the  living  body,  or  while  it  retains  its  irritability,  is  alkaline  or  neutral. 
But,  Avhile  this  is  true  of  a  living  muscle  in  its  usual  state,  it  gives  a  decided 
acid  reaction  after  it  has  been  strongly  exerted,  as,  for  instance,  after  tetanic 
spasm  excited  by  electricity  or  by  strychnia  poisoning.  The  acid  is  probably 
generated  by  a  change  in  the  saccharine  matter  of  the  muscle.  Ultimately 
the  tissue  in  all  cases  becomes  alkaline  from  putrefaction  and  the  evolution  of 
ammonia. 

Physical  properties  of  muscle. — A  dead  muscle  has  little  strength,  and  may 
be  torn  asunder  by  a  force  of  no  great  amount.  A  living  muscle  readily  yields  to 
extension,  and  shrinks  exactly  to  its  original  length  when  the  extending  force 
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ceases.  Its  elasticity  is  therefore  said  to  be  small  ia  degfree,  but  very  perfect  or 
complete  in  operation.  A  dead  muscle,  especially  after  cadaveric  rigidity  has 
come  on,  resists  extension  more  powerfully,  but  does  not  afterwards  return  to  its 
original  length  ;  hence  its  elasticity  is  said  to  be  greater  than  that  of  the  living 
muscle,  but  less  perfect. 

The  red  colour  of  muscle  is  well  known,  but  it  differs  greatly  in  degree  in 
different  cases.  It  is  usually  paler  in  the  involuntary  muscles  ;  but  here  the 
heart  again  is  a  striking  exception.  In  most  fish  the  chief  muscles  of  the  body 
are  nearly  colourless,  and  in  the  breast  of  wild  fowl  we  see  a  difference  m  the 
depth  of  colour-  in  different  strata  of  the  same  muscles.  The  redness  is  no  doubt 
partly  due  to  blood  contained  in  the  vessels,  but  not  entirely  so,  for  a  red  colour- 
ing matter,  apparently  of  the  same  nature  as  that  of  the  blood,  is  obviously 
iy.corporated  with  the  fibres. 

Under  this  head  must  also  be  mentioned  the  manifestation  of  electricity  by  a 
quiescent  but  livuig  muscle.  "When  a  muscle  taken  from  a  li^dng  or  recently 
killed  animal  (a  frog  is  commonly  used)  is  brought  into  connection  with  the 
ends  of  a  very  delicate  galvanometer,  so  that  one  extremity  of  the  latter  touches 
the  outer  surface  of  the  muscle  and  the  other  a  cross  section  made  thi'ough  its 
fibres,  the  needle  will  deviate  so  as  to  indicate  an  electric  cun-ent  passing  along 
the  wire  from  the  surface  of  the  muscle  to  its  cross  section^  If  both  ends  of  the 
galvanometer  touch  points  in  the  length  of  the  muscle  equidistant  from  its 
middle,  no  effect  ensues,  but  if  one  point  of  contact  be  farther  than  the  other 
from  the  middle,  a  ciuTent  will  pass  along*  the  wire  from  the  nearer  to  the  more 
distant  point.  The  same  results  are  obtained  with  a  small  shred  or  fasciculus 
of  the  muscle.  The  phenomenon  described  is  called  "  the  muscular  cun-ent,"  and 
is  supposed  to  indicate  a  state  of  electric  polarity  ui  the  particles  of  the  muscle, 
probably  caused  by  chemical  changes  going  on  in  its  substance. 

Vital  properties  of  muscle. — The  muscular  tissue  possesses  a  considerable  de- 
gree of  sensibllitij,  but  its  characteristic  vital  endcmnent,  as  already  said,  is 
■irritabiUty  or  contractlUtij,  by  which  it  serves  as  a  moviug  agent  in  the  animal 
body. 

SensihiUfy. — This  property  is  manifested  by  the  pain  which  is  felt  when  a 
muscle  is  cut,  lacerated,  or  otherwise  violently  injiu'ed,  or  when  it  is  seized  with 
spasm.  Here,  as  m.  other  instances,  the  sensibility  belongs,  properly  speaking,  to 
the  nerves  which  are  distributed  through  the  tissue,  and  accordingly,  when  the 
nerves  going  to  a  muscle  are  cut,  it  forthwith  becomes  iusensible.  It  is  by  meaus 
of  this  property,  which  is  sometimes  called  the  "  muscular  sense,"  that  we  become 
conscious  of  the  existing  state  of  the  muscles  which  are  subject  to  the  will,  or 
rather  of  the  position  and  direction  of  the  limbs  and  other  parts  which  are  moved 
through  means  of  the  voluntary  muscles,  and  we  are  thereby  guided  in  directing- 
our  voluntai-y  movements  towards  the  end  in  view.  Accordingly,  when  this 
muscular  sense  is  lost,  while  the  power  of  motion  remains, — a  case  which,  though 
rare,  yet  sometimes  occurs — the  jDcrson  cannot  direct  the  movements  of  the 
affected  limbs  vrithout  the  guidance  of  the  eye. 

IrritahUitij  or  Cont^'actU'itij. — The  merit  of  distinguishing  this  property  of  the 
animal  body  from  sensibility  on  the  one  hand,  and  from  mere  mechanical  pheno- 
mena on  the  other,  is  due  to  Francis  Glisson,  a  celebrated  English  physician 
of  the  seventeenth  centui-y :  but  irritability,  according  to  the  -view  which  he 
took  of  it,  was  supposed  to  give  rise  to  various  other  phenomena  in  the  animal 
economy  besides  the  visible  contraction  of  muscle,  and  his  comprehensive  accep- 
tation of  the  term  has  been  adopted  by  many  succeeding  axithorities,  especially 
by  writers  on  pathology.  Haller  in  his  use  of  the  term  irritability,  restricted  it 
to  the  peculiar  property  of  muscle. 

Stimuli. — In  order  to  cause  contraction,  the  muscle  must  be  excited  by  a 
stimulus.  The  stimulus  may  be  applied  immediately  to  the  muscular  tissue,  as 
when  the  fibres  are  irritated  ■ni.th  a  shar[3  point ;  or  it  may  be  applied  to  the 
nerve  or  nerves  which  belong  to  the  muscle  :  in  the  former  case,  the  stimulus  is 
said  to  be  "  immediate,"  in  the  latter,  '•  remote."  The  nerve  does  not  contract, 
but  it  has  the  property,  when  stimulated,  of  exciting  contractions  in  the  muscular 
fibres  to  which  it  is  distributed ;  and  this  property,  named  the  "'  vis  ner^-osa," 
is  distinguished  from  contractility,  which  is  confined  to  the  muscle.     Again,  a 
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stimulus  may  be  either  directly  applied  to  the  nerve  of  the  muscle,  as  when  that 
nerve  is  itself  mechanically  irritated  or  galvanised  ;  or  it  may  he  first  made  to 
act  on  certain  other  nerves,  by  which  its  influence  is,  so  to  speak,  conducted  in 
the  first  instance  to  the  brain  or  spinal  cord,  and  then  transferred  or  reflected  to 
the  muscular  nerve. 

The  stimuli  to  which  muscles  are  obedient  are  of  various  kinds  ;  those  best 
ascertained  are  the  following,  viz.  :  ] .  Mechanical  irritation  of  almost  any  sort, 
under  which  head  is  to  be  included  sudden  extension  of  the  muscular  fibres. 
2.  Chemical  stimuli,  as  by  the  application  of  salt  or  acrid  substances.  3.  Elec- 
trical ;  usually  by  means  of  a  galvanic  current  made  to  pass  through  the  muscular 
fibres  or  along  the  nerve.  4.  Sudden  heat  or  cold ;  these  four  may  be  classed 
togetliev  as pht/sical  .'if Imuli.  'Nex.t,  mental  stimuli,  viz  :  1.  The  operation  of  the 
will,  or  volition.  2.  Emotions,  and  some  other  involuntary  states  of  the  mind. 
Lastly,  there  still  remain  exciting  causes  of  muscular  motions  in  the  economy, 
which,  although  they  may  probably  turn  out  to  be  physical,  are  as  yet  of  doubt- 
ful nature,  and  these  until  better  known  may  perhaps  without  impropriety  be 
called  art/a /lie  stimuli ;  to  this  head  may  be  also  referred,  at  least  provisionally, 
some  of  the  stimuli  which  excite  convulsions  and  other  involimtary  motions 
which  occur  in  disease. 

Duration  of  irritability  after  death. — It  is  known  that,  if  the  supply  of  nu- 
trient material  be  cut  off  from  a  muscle  by  arresting  the  flow  of  blood  into  it,  its 
contractility  will  be  impaired,  and  soon  extinguished  altogether,  but  will  after  a 
time  be  recovered  again  if  the  supply  of  blood  be  restored.  The  influence  of  the 
blood  supplied  to  muscles  in  maintaining  their  contractility  has  been  strikingly 
shown  by  Brown-Sequard,  who  has  succeeded  in  restoring  muscular  contractility 
in  the  bodies  both  of  man  and  animals  some  time  after  death,  and  after  it  had 
become  to  all  appearance  extinct,  by  injecttug  into  the  vessels  arterial  blood 
deprived  of  its  fibrin,  or  defibrinated  venous  blood  previously  reddened  by  expo- 
sure to  the  an.  In  warm-blooded  animals  in  which  the  nutritive  process  is  more 
active,  and  the  expenditure  of  force  more  rapid,  the  maintenance  of  irritability 
is  more  closely  dependent  on  the  supply  of  blood  and  the  influence  of  oxygen,  so 
that  it  sooner  fails  after  these  are  cut  off.  In  accordance  with  this  statement, 
it  is  known  that  while  the  muscles  of  man  and  quadrupeds  cease  to  be  irritable 
within  a  few  hours  after  death,  and  those  of  birds  still  sooner,  the  muscular 
irritability  will  remain  in  many  reptiles  and  fishes,  even  for  days  after  the 
extinction  of  sensation  and  vohtion  and  the  final  cessation  of  the  respiration  and 
circulation — that  is,  after  systemic  death.  A  difference  of  the  same  kind  is 
observed  among  warm-blooded  animals  in  different  conditions  ;  thus  irritability 
endui'es  longer  in  new-born  animals  than  in  those  which  have  enjoyed  respira- 
tion for  some  time  and  are  more  dependent  on  that  function  ;  and,  in  like 
manner,  it  is  very  lasting  in  hybemating  animals  killed  during  their  winter 
sleep. 

But  the  duration  of  this  property  differs  also  in  different  muscles  of  the  same 
animal.  From  numerous  careful  observations  Nysten  concluded  that  in  the 
human  body  its  extinction  takes  place  in  the  following  order,  viz. :  1,  the  left 
ventricle  of  the  heart  ;  2.  the  intestines  and  stomach  ;  3,  the  urinary  bladder  ; 
4,  the  right  ventricle  :  in  these  generally  within  an  hour  ;  5,  the  gullet ;  6,  the 
iris  ;  7,  the  voluntary  muscles,  a,  of  the  trunk,  b,  of  the  lower  and  c,  of  the  upper 
extremities  ;  8,  the  left  auricle,  and,  9,  the  right  auricle  of  the  heart,  which  last 
was  on  this  account  styled  by  G-alenthe  "  ultimum  moriens."  In  one  case  Nysten 
observed  the  right  auricle  to  continue  irritable  for  sixteen  hours  and  a  half  after 
death.  But  it  has  been  recently  found  that  a  voluntary  muscle  may  give  signs 
of  a  certain  degree  of  irritability  even  later  than  this,  if  it  be  struck  a  smart 
blow  with  a  blunt  edge,  such  as  the  back  of  a  knife,  across  the  direction  of  the 
fibres.  The  contraction  then  produced  is  quite  local,  and  confined  to  the  parts 
struck.  Funke  states  that  he  and  the  brothers  Weber  obtained  this  result  in  the 
body  of  a  decapitated  criminal  twenty- four  hours  after  death. 

The  time  of  duration  is  affected  by  the  mode  of  ddath.  Thus  the  irritability  is 
said  to  be  almost  wholly  and  immediately  extinguished  by  a  fatal  stroke  of 
lightning,  and  to  disappear  very  speedily  in  the  bodies  of  persons  stifled  by 
noxious  vapours,  such  as  carbonic  acid,  and  especially  sulphuretted  hydrogen. 
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In  like  manner  certain  causes  acting  locally  on  muscles  accelerate  the  extinction 
of  their  irritability. 

Rigor  mortis. — The  "'  cadaveric  rigidity,"  or  stiffness  of  the  body,  which  ensues 
shortly  after  death,  is  a  phenomenon  depending  on  the  muscles,  which  become 
fixed  or  set  in  a  rigid  state,  so  as  to  resist  flexion  of  the  joints.  The  rigidity 
almost  invariably  begins  in  the  muscles  of  the  lower  jaw  and  neck,  then  invades 
those  of  the  tnmk,  and  afterwards  those  of  the  limbs, — the  arms  usually  before 
the  legs.  After  persisting  for  a  time,  it  goes  off  in  the  same  order.  It  usually 
comes  on  within  a  few  hours  after  death,  rarely  later  than  seven  hours.  In  some 
cases  it  has  been  observed  to  begin  -n-ithin  ten  minutes  (Sommer),  and  in  others 
not  till  sixteen  or  eighteen  hours  ;  and  the  later  its  access,  the  longer  is  its 
endurance.  The  rigidity  comes  on  latest,  attains  its  greatest  intensity,  and  lasts 
longest  in  the  bodies  of  robust  persons,  cut  off  by  a  rapidly  fatal  disease,  or  sud- 
denly perishing  by  a  violent  death  :  in  such  cases  it  may  last  six  or  seven  days'. 
On  the  other  hand,  it  sets  in  speedily,  is  comparatively  feeble,  and  soon  goes  off 
in  cases  where  the  body  has  been  much  weakened  and  emaciated  by  lingering  or 
exhausting  diseases ;  also  in  new-born  infants,  and  in  the  muscles  of  animals 
that  have  been  hunted  to  death.  It  seems  thus  to  be  affected  by  the  pre-vious 
state  of  nutrition  of  the  muscles.  Destruction  of  the  nervous  centres  does  not 
prevent  the  occxu-rence  of  •rigidity,  nor  are  the  muscles  of  paralysed  limbs 
exempted  from  it,  ijrovided  their  nutrition  has  not  been  too  deeply  affected.  The 
fibres  of  stiffened  muscles  no  longer  show  the  muscular  electric  cun-ent. 

The  immediate  cause  of  the  muscular  rigidity  is  doubtful  :  some  conceive  it  to 
be  an  effect  of  vital  contraction,— the  last  effort  of  life  as  it  were  ;  others,  mth 
more  jarobability,  ascribe  it  to  a  solidification  of  the  tissue  caused  by  chemical 
changes  occurring  after  death.  Kiihne  adduces  various  arguments,  some  of  them, 
it  must  be  admitted,  of  a  cogent  character,  to  show  that  the  stiffening-  is  due  to 
post-moi'tem  coagulation  of  the  myosin.  He  thinks  that  the  substance  of  the 
fibre  is  liquid  during  life  ;  but  it  is  difficult  to  reconcile  his  notion  of  actual 
fluidity  of  substance  with  some  of  the  most  obvious  properties  of  a  living  muscle. 
At  the  same  time,  it  is  conceivable  that  liquid  myosin  'may  be  present  in  the 
interstices  of  more  consistent  elements  of  the  living  fibre,  and  may  give  rise  to 
rigidity  by  coag-ulating  after  death.  Free  lactic  acid  is  developed  in  the  sub- 
stance of  rigid  muscle,  and  some  regard  it  as  the  cause  of  the  coagnxLation  of  the 
myosin,  but  although  an  acid  condition  very  g'enerally  accompanies  rigidity,  the 
concrurrence  is  not  invariable  or  essential.  Brown- Sequard,  in  opiDOsition  to  the 
chemical  theory,  maintained  that  he  could  remove  rigidity  by  injecting  blood 
into  the  vessels  of  the  muscle  ;  but  Kiihne  holds  this  to  be  impossible  after  rigor 
has  decidedly  set  in.  The  general  accession  of  rigidity  is  an  unequivocal  sign  of 
death. 


NERVOUS   SYSTEM. 

The  nervous  system  consists  of  a  central  iKirt,  or  rather  a  series  of 
connected  central  organs,  named  tlie  cerebrospinal  axis,  or  cerehro-sjnnal 
centre;  and  of  the  nei'ves,  which  have  the  form  of  cords  connected  by 
one  extremity  with  the  cerebro-spinal  centre,  and  extending  from 
thence  through  the  body  to  the  muscles,  sensible  parts,  and  other  organs 
placed  under  their  control.  The  nerves  form  the  medium  of  communi- 
cation between  these  distant  parts  and  the  centre.  One  class  of  nervous 
fibres,  termed  afferent  or  centripetal,  conduct  impressions  towards  the 
centre, — another,  the  efferent  or  centrifugal,  carry  motorial  stimuli  from 
the  centre  to  the  moving  organs. 

Besides  the  cerebro-spinal  centre  and  the  nervous  cords,  the  nervous 
system  comprehends  also  certain  bodies  named  ganglia,  which  are  con- 
nected with  the  nerves  in  various  situations.  These  bodies,  though  of 
much  smaller  size  and  less  complex  nature  than  the  brain,  agree,  never- 
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theless,  ■with  that  organ  in  their  elcmentarj^  structure,  and  to  a  certain 
extent  also  in  their  rehition  to  the  uervous  fibres  Avilh  which  they  are 
connected  ;  and  this  correspondence  becomes  even  more  apparent  in 
the  nervous  system  of  the  lower  members  of  the  animal  series. 

Tlie  nerves  are  divided  into  the  cerelro-spinal,  and  the  synijKdhefic  or 
(janglionic  nerves.  The  former  are  distributed  principally  to  the  skin, 
the  organs  of  the  senses,  and  other  parts  endowed  with  manifest  sensi- 
bility, and  to  muscles  placed  more  or  less  under  the  control  of  the  will. 
They  are  attached  in  pairs  to  the  cerebro-spinal  axis,  and  like  the  parts 
■which  they  supply  are,  with  few  exceptions,  remarkably  sjanmetrical  on 
the  two  sides  of  the  body.  The  sympathetic  or  ganglionic  nerves,  on 
the  other  hand,  are  destined  chiefly  for  the  viscera  and  blood-vessels,  of 
which  the  motions  are  involuntary,  and  the  natural  sensibility  is  obtuse. 
They  diflPer  also  from  the  cerebro-spinal  nerves  in  having  generally  a 
greyish  or  reddish  colour,  in  their  less  symmetrical  arrangement,  and 
especially  in  the  circumstance  that  the  gangha  connected  with  them 
are  much  more  numerous  and  more  generally  distributed.  Branches  of 
communication  pass  from  the  spinal  and  several  of  the  cerebral  nerves 
at  a  short  distance  from  their  roots,  to  join  the  sympathetic,  and  in 
these  communications  the  two  systems  of  nerves  mutually  give  and 
receive  nervous  fibres  ;  so  that  parts  supplied  by  the  sympathetic  may 
be  also  in  nervous  connection  with  the  cerebro-sj)inal  centre. 

The  nervous  system  is  made  up  of  a  substance  proper  and  peculiar  to 
it,  with  inclosing  membranes,  nutrient  blood-vessels  and  supporting 
connective  tissue.  The  nervous  siibstance  has  been  long  distinguished 
into  two  kinds,  obviously  differing  from  each  other  in  colour,  and  there- 
fore named  the  ivhite,  and  the  grey  or  cmeritious. 

BTBTJCTUEAL    ELEMENTS. 

When  subjected  to  the  microscope,  the  nervous  substance  is  seen  to 
consist  of  two  different  structural  elements,  \iz.,fil)res  and  cells.  The 
fibres  are  found  universally  in  the  nervous  cords,  and  they  also  consti- 
tute the  greater  part  of  the  nervous  centres  :  the  cells  on  the  other 
hand  are  confined  in  a  great  measure  to  the  cerebro-spinal  centre  and 
the  ganglia,  and  do  not  exist  generally  in  the  nerves  properly  so  called, 
although  they  liave  been  found  at  the  terminations  of  some  of  the  nerves 
of  special  sense,  and  also  interposed  here  and  there  among  the  fibres  of 
particular  nerves  ;  they  are  contained  in  the  grey  portion  of  the  brain, 
spinal  cord,  and  ganglia,  which  grey  substance  is  in  fact  made  up  of 
these  cells  intermixed  in  many  parts  with  fibres,  and  with  a  variable 
quantity  of  supporting  connective  substance. 

The  fibres  are  of  two  kinds  :  1,  the  ivhite,  mediillated,  iulndar.  or  darh 
lordered,  and  2,  the  grey,  pale,  or  non-meduUatcd.  The  former  are  by 
far  the  most  abundant ;  the  latter  are  found  principally  in  the  sympa- 
thetic nerve,  but  exist  also  in  the  cerebro-spinal  nerves. 

The  White  or  Medullated  Fibres  (fig.  81).  —  These  form 
the  white  part  of  the  brain,  spinal  cord,  and  nerves.  When  collected 
in  considerable  numbers  and  seen  with  reflected  light,  the  mass  which 
they  form  is  white  and  opaque.  "Viewed  singly,  or  few  together,  under 
the  microscope,  with  transmitted  light,  they  are  transparent ;  and  if 
quite  fresh  from  a  newly  killed  animal,  and  unchanged  by  cold  or 
exposure,  they  appear  as  if  entirely  homogeneous  in  substance,  and  are 
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boimded  on  each  side  by  a  well-defined,  simple  and  usnally  gently 
sinuous  outline.  Their  size  differs  considera1)ly  even  in  the  same  nerve, 
but  much  more  in  different  parts  of  the  nervous  system ;  some  being 
as  small  as  the  ts^oo"^^^  ^^^  others  upwards  of  the  ysVoth  of  an  inch  in 
diameter;  moreover,  the  same  fibre  may  change  its  size  in  different 
parts  of  its  course,  and  it  is  generally  smaller  at  its  central  and  peri- 
pheral ends.  Yery  speedily  after  death,  and  especially  on  exposure  to 
the  action  of  water,  these  seemingly  homogeneous  fibres  become  altered: 
and  it  is  when  so  altered  that  they  are  commonly  subjected  to  examina- 
tion,   as  represented  in  fig.  81,  a.     In  particular  instances,  and  in 

Fig.  81. 


Fig.    81. — A.    "White  or   Medullated  Keeve-Fibres,   showing    the    sinuous    outline 
and  double  contours  (after  Bidder  and  Volkmann). 

B.  DiAGRAji  to  show  the  i^arts  of  a  medullated  fibre,  viz.  1,  1,  primitive  slteath.  2,  2, 
%i:Mte  substance  or  medullary  sheath.     3,  axis  ot  primitive  hand. 

c.  Diagram  intended  to  represent  the  appearances  occasionally  seen  in  the  tubular 
fibres.  1,  1,  membrane  of  the  tube  seen  at  parts  where  the  white  substance  lias  separated 
from  it.  2,  a  part  where  the  white  substance  is  interrupted.  3,  axis  projecting  beyond 
the  broken  end  of  the  tube.     4,  part  of  the  contents  of  the  tube  escaped. 


favourable  circumstances,  it  may  be  discovered  that  the  fibre  is  com- 
posed of  a  fine  membranous  tube,  inclosing  a  peculiar  soft  substance,  and 
that  this  contained  substance  itself  is  distinguishable  into  a  central  part 
placed  like  a  sort  of  axis  in  the  middle  of  the  tube,  and  a  peripheral  por- 
tion surrounding  the  axis,  and  occupying  the  space  between  it  and  the 
tubular  inclosing  membrane.  In  the  annexed  ideal  plan  (fig.  81,  b), 
the  memhrmous  iule  ov primiiive  sheath,  is  marked  1, 1 :  the  central  part, 
marked  3,  was  named  cylinder-axis  by  Purkinje,  who  considered  it  to 
be  identical  with  the  structure  previously  described  by  Eemak  under 
the  name  oiVaQ  primitive  hand  (fibra  primitiva) ;  the  matter  surround- 
ing it,  marked  2,  2,  is  supposed  to  be  the  chief  cause  of  the  whiteness  of 
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the  brain  and  nerves,  and  it  was  accordingij^  named  the  tvhite  sitbsfance 
by  Schwann,  and  by  others,  though  less  appropriately,  the  medullarij 
sheath. 

White  STibstance  of  Schwann  or    Medullary    Sheath. — It    is 

this  substance,  which  appears  to  be  of  a  fatty  nature,  that  undergoes  the 
most  marked  change  on  exposure  ;  it  then  seems  to  suffer  a  sort  of  coagu- 
lation or  congelation,  and  when  this  has  taken  place,  it  very  strongly 
refracts  the  light,  and  gives  rise  to  the  appearance  of  a  dark  border  on 
each  side  of  the  nerve-tube  (fig.  81,  A  and  c).  This  border,  though 
darker  than  the  rest  of  the  tube,  is  nevertheless  translucent ;  it  is  bounded 
by  two  nearly  parallel  lines,  so  that  the  nerve-fibre  has  a  double  con- 
tour. The  dark  contours  pursue  a  sinuous  course,  often  with  deep  and 
irregular  indentations  ;  while  straight  or  curved  linos  of  the  same  cha- 
racter, occasioned  no  doubt  by  wrinkles  or  creases  occurring  in  the  layer 
of  white  substance,  are  frequently  seen  crossing  the  tube.  By  continued 
exposure,  round  and  irregular  spots  appear  at  various  points,  and  at 
length  the  contents  of  the  nerve-tube  acquire  a  confusedly  curdled  or 
granulated  aspect. 

The  double  contour  appears  only  in  fibres  of  a  certain  size  ;  in  fine  fibres, 
■yvliicli  become  varicose  or  dilated  at  intervals,  the  double  line  is  seen  only  in  the 
enlargements,  and  not  in  the  narrow  jparts  between.  It  often  happens  that  the 
soft  contents  of  the  tube  are  pressed  out  at  the  ruptured  extremities,  as  in 
fi-g.  81,  c,  4,  and  then  the  rormd  or  irregular  masses  of  the  effused  matter  are 
still  surrounded  by  a  double  contour,  which  proves  tha,t  this  appearance  is  pro- 
duced independently  of  the  membranous  tube. 

The  fine  transparent  membranous  tube,  named  the  primitive 
sheath,  or  sheath  of  Schwann,  presents  an  apparently  homogeneous 
appearance,  with  nuclei  disposed  at  intervals  along  its  inner  surface. 

So  long  as  this  tube  is  accurately  filled  by  the  contained  matter,  its 
outline  can  seldom  be  distinguished  ;  but  sometimes,  when  the  white 
substance  separates  at  various  points  from  the  inside  of  the  tube,  the 
contour  of  the  fibre  becomes  indented  and  irregular,  and  then  the  mem- 
brane of  the  tube  may,  in  favourable  circumstances,  be  discerned  as  an 
extremely  faint  line,  running  outside  the  deeply  shaded  border  formed 
by  the  white  substance,  and  taking  no  part  in  its  irregular  sinuosi- 
ties (fig.  81,  C.  1,  1).  The  membranous  tube  may  also  be  distin- 
guished at  parts  where  the  continuity  of  the  contained  matter  is  broken 
in  consequence  of  traction,  squeezing,  or  like  injury  of  the  fibre  ;  in 
such  parts  the  double  line  produced  by  the  white  substance  is  wanting, 
and  the  faint  outline  of  the  membranous  tube  may  be  perceived  passing 
over  the  interruption  (2).  The  primitive  sheath  is  not  found  on 
fibres  within  the  substance  of  the  brain  and  spinal  cord. 

The  axis-cylinder,  axis-hand,  or  axial-fihre,  is  situated  in,  or  near, 
the  middle  of  the  nerve-tube,  where  it  may  occasionally  be  seen,  on  a 
careful  inspection,  as  a  greyish  stripe  or  band,  bounded  on  each  side  by 
a  very  faint  even  outline,  having  no  share  in  the  sinuosities  of  the  white 
substance  (fig.  81,  c). 

The  axis  is  of  a  more  tenacious  consistence  than  the  white  substance, 
and  may  accordingly  be  sometimes  seen  projecting  beyond  it  at  the  end 
of  a  broken  nerve-tube,  either  quite  denuded,  or  covered  only  by  the 
tubular  membrane,  the  intervening  white  substance  having  escaped. 
In  the  brain  and  spinal  cord  it  is  especially  easy  to  obtain  this  appear- 
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ance,  from  the  absence  of  the  comparatively  tough  Fig 

membranous  sheath.    Although  the  name  of  axis-  A. 

cylinder  would  seem  to  imply  that  it  has  actually  a  llil         n^ 

cylindrical  figure,  yet  this  is  by  no  means  certain  ; 
and  whether  naturally  cylindrical  or  not,  it  certainly 
often  appears  more  or  less  flattened  when  subjected, 
to  examination.  In  the  fresh  state,  and  nnder  high 
powers  of  the  microscope,  the  axis-cylinder  fre- 
quently presents  an  appearance  of  longitudinal 
striation,  indicating  a  fibrillar  structure  (see  fig.  89, 
p.  134)  ;  indeed  both  at  the  origin  and  termination 
of  a  nerve  it  may  commonly  be  seen  to  separate 
into  excessively  fine  filaments  or  fibrils.  These,  the 
'primitive  fibriUa  of  Max  Schultze,  are  regarded, 
with  the  axis-cylinder,  which  they  mainly  compose, 
as  the  essential  part  of  the  nerve  :  at  all  events, 
it  frequently  happens  that  these  form  the  only  por- 
tion of  the  nerve  that  remains  at  the  peripheral 
extremity.  Minute  varicosities  are  commonly  found 
on  them  (fig.  89,  &),  probably  the  result  of  post- 
mortem change.  These  are  not  to  be  confounded 
with  the  varicosities  to  be  immediately  mentioned 
as  being  frequently  met  with  in  the  medullary 
sheath.  Cross  sections  of  the  spinal  cord,  or  of  any 
nerve  trunk,  Avhich  have  been  stained  with  carmine 
and  subsequently  mounted  in  balsam  or  dammar 
varnish,  exhibit  the  sections  of  the  axis-cylinders 
as  deeply  stained  dots  in  or  near  the  centre  of  the 
medullated  fibres. 

Nodes  of  Ranvier. — It  has  been  shown  by 
Eanvier,*  that  there  constantly  occur  in  peripheral 
medullated  nerve-fibres  breaks  in  the  continuity  of 
the  white  substance,  which  succeed  one  another  at 
regular  intervals  along  the  course  of  the  nerves  ; 
and  give  the  fibres  the  appearance  of  being  con- 
stricted at  these  places.  The  breaks  or  nodes,  as 
they  may  conveniently  be  termed,  divide  the  fibre 
into  a  series  of  segments  of  nearly  equal  length. 
The  segmentation  is  readily  made  apparent  by  the 
action  of  a  solution  of  osmic  acid,  which  leaves  the 
nodes  (fig.  82,  r,  e)  almost  colourless,  while  the 
medullary  sheath,  or  white  substance  of  Schwann, 
becomes  stained  of  an  ijaky  black  colour.  In  such 
preparations  also  the  primitive  sheath  of  the  fibre 
often  becomes  visible,  and  within  this,  between  it  and 
the  white  substance,  a  clear  oval  nucleus  (c),  with  a 
Fig.  82. — Portions  of  two  Nerte-Fibees  Stained  with  Osmic  Acid.  425  Diameters. 
E,  E.  Nodes  of  Ranvier,  with  axis-cylinder  passing  across,  a,  Primitive  sheath  of  the  nei-ve. 
c,  Opposite  the  middle  of  the  segment  indicates  the  nucleus  and  protoplasm  lyino- 
between  the  primitive  sheath,  and  the  medullary  sheath  here  stained  black.  In  A  the 
nodes  are  wider,  and  the  intersegmental  substance  more  apparent  than  in  b.  (From 
a  drawing  by  Mr,  J.  E.  Neale). 

*  Comptes  Eendus,  1871  ;  and  Arch,  de  Physiologie,  1872, 
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certain  amount  of  granular  protoplasm,  may  be  seen  near  the  middle  of 
each  segment.  The  primitive  sheath  turns  in  at  the  nodes  and  surrounds 
the  axis-cylinder  as  this  passes  from  one  segment  to  the  other,  so  that 
the  sheath  is  in  a  manner  perforated  by  the  axis-cylinder.  The  sheaths 
of  successive  segments  are  not  directly  continuous  over  the  nodes,  but 
are  there  separated  by  a  certain  amount  of  clear  intersegmental  substance 
(shown  in  a.  fig.  82),  which  forms  the  "  constricting  band "  of 
Eanvier,  and  is  probably  similar  in  nature  to  ordinary  intercellular  or 
cementing  substance  (see  p.  15),  being  like  that  stained  by  nitrate 
of  silver.  The  last-named  reagent  stains  also  the  axis-cylinder  in  the 
neighbourhood  of  the  node,  so  that  the  fibres  after  this  treatment 
appear  marked  with  little  crosses  (fig.  83) ;  the  transverse  limb  of  the 
cross  being  due  to  the  ring  of  intersegmental  substance,  the  longitu- 
dinal to  the  axis-cylinder.  Other  staining  fluids,  such  as  the  picrocar- 
minate  of  ammonia,  also  act  on  the  axis-cylinder  at  the  nodes  ;  they 
are  probably  prevented  fi'om  reaching  it  elsewhere  owing  to  the  presence 
of  the  fatty  matter  in  the  surrounding  medullary  sheath. 


Fig.  83. 


Fig.  Si. 


Fig.   83. — A  Portion  of  a  Small   Nerve-Trunk  from  the  Thorax  of  the  Mouse, 
TREATED  WITH  NiTRATE  OP  SiLVEK  (Ranvier).     IMagnified. 

Cross  markings  are  geen  at  the  nodes,  and  the  layer  of  flattened  epithelioid  cells  which 
covers  the  surface  is  also  brought  into  view. 

Fig.  84. — Fibres  from  the  Root  of  a  Spinal  Nerve. 

At  a,  where  they  join  the  spinal  cord,  they  are  varicose  ;  lower  do'svn  at  h,  they  are 
uniform  and  larger  (from  Valentin). 

No  structure  corresponding  to  Eanvier's  nodes  has,  it  is  believed, 
hitherto  been  observed  in  the  non-medullated  fibres  ;  they  appear  to  be 
absent  also  in  the  white  fibres  of  the  brain  and  spinal  cord. 

Varicose  fibres. — Many  of  the  medullated  nerve-fibres,  when  sub- 
jected to  the  microscope,  appear  dilated  or  swollen  out  at  short  distances 
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along  their  length,  and  contracted  in  the  intervals  between  the  dilated 
parts.  Such  fibres  have  been  named  varicose,  (fig.  84).  They  occur 
principally  in  the  brain  and  spinal  cord,  and  in  the  intra-cranial  part 
of  the  olfactory,  in  the  optic,  and  acoustic  nerves  ;  they  are  occasion- 
ally met  with  also  in  the  other  nerves,  especially  in  young  animals. 
These  fibres,  however,  are  naturally  cylindrical  like  the  rest,  and 
continue  so  while  they  remain  undisturbed  in  their  place  ;  and  the 
varicose  character  is  occasioned  by  pressure  or  traction  during  the 
manipulation,  which  causes  the  soft  matter  to  accumulate  at  certain 
points,  whilst  it  is  drawn  out  and  attenuated  at  others.  Most  probably 
the  change  takes  place  before  the  Avhite  substance  has  coagulated.  The 
fibres  in  which  it  is  most  apt  to  occur  are  usually  of  small  size, 
ranging  from  -o^o^o^^  ^o  3  gVo^^  of  an  inch  in  diameter  ;  and  when 
a  very  small  fibre  is  thus  affected,  the  varicosities  appear  like  a  string 
of  globules  held  together  by  a  fine  transparent  thread.  As  already 
remarked,  the  double  contour  caused  by  congelation  of  the  white  sub- 
stance does  not  appear  in  the  highly  constricted  parts.  The  axis  takes 
no  part  in  this  change,  indeed  it  may  sometimes  be  seen  running 
through  the  varicosities  and  undergoing  no  corresponding  dilatation. 

Course  of  the  fibres. — Xeither  in  their  course  along  the  nervous 
cords,  nor  in  the  white  part  of  the  nervous  centres,  have  the  mednllated 
fibres  ever  been  observed  to  unite  or  anastomose  together,  nor  are  they 
seen  to  divide  into  branches ;  it  is  therefore  fair  to  conclude  that,  though 
bound  up  in  numbers  in  the  same  nervous  cords,  they  merely  run  side 
by  side  like  the  threads  in  a  skein  of  silk,  and  that  they  maintain  their 
individual  distinctness  throughout  the  trunk  and  branches  of  a  nerve  ; 
but  in  many  cases  the  fibres  divide  in  approaching  the  peripheral  ter- 
mination of  the  nerve,  as  will  be  again  noticed. 

Gi-EEY,  Pale,  JSFon-medullated,  or  Gelatinous  Fibres*  (fig.  85.) 
— ^The  white  fibres,  at  the  peripheral  extremities  of  many  nerves,  lay 

Fig.  85. 
A. 


Fig.  85. — NoN-MEDTJLLATED  Nerve-Fibres  (Max  Schultze). 
Magnified  between  400  and  500  diameters. 

A.  From  a  branch  of  the  olfactory  nerve  of  the  sheep  ;  at  a,  a,  two  dark  bordered  or 
mednllated  fibres,  from  the  fifth  pair,  associated  with  the  pale  olfactory  fibres. 

B.  From  the  sympathetic  nerve. 


*  These  fibres  were  termed  "gelatinous"   by  Henle,    from  their   aspect,   not  their 
chemical  nature. 
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aside  their  medullary  sheath  and  dark  borders,  and  are  prolonged  into 
pale  fibres,  often  minutely  dividing,  which  seem  to  represent  the  axis- 
cylinder  deprived  of  surrounding  white  substance,  and  either  naked  or 
covered  with  a  prolongation  of  the  primitive  sheath.  But,  apart  from 
these  pale  continuations  of  white  fibres,  there  are  nerve-fibres  which 
exhibit  the  non-medullated  character  throughout  their  whole  length. 
These  are  the  pale  grey  fibres  first  pointed  out  by  Remak,  and  commonly 
designated  by  his  name,  which  are  found,  with  or  without  associated 
white  fibres,  chiefly  in  the  sympathetic  but  also  in  other  nerves.  The 
branches  of  the  olfactory  nerve  of  man  and  mammalia  consist  wholly  of 
these  pale  fibres.  They  measure  from  -g  oVo^^^  to  g  oVo^h  of  an  inch  in 
diameter,  appear  flattened,  translucent,  homogeneous,  or  very  faintly 
granular,  and  sometimes  finely  striated  longitudinally.  At  short 
distances  they  bear  oblong  nuclei,  which  belong  to  a  sheath.  In 
structure  these  fibres-  are  essentially  similar  to  the  axis-cylinder  of  the 
medullated  fibre,  being  composed  of  a  bundle  of  exquisitely  fine  fibrils 
with  a  certain  amount  of  intervening  substance.  The  nucleated  sheath 
corresponds  to  the  primitive  sheath  of  the  medullated  fibre. 

Pale  fibres  are  also  met  with  (in  the  sympathetic  nerve  especially) 
which  appear  as  fine  threads  with  fusiform  enlargements.  These  enlarge- 
ments are  granular  in  substance,  and  possibly  of  the  nature  of  nuclei, 
but  placed  in  the  continuity  of  the  fibre,  and  not  merely  attached  to  a 
sheath. 

Nerve-cells. — These,  as  already  mentioned,  constitute  'the  second 
kind  of  structural  elements  proper  to  the  nervous  system.  They  are 
found  in  the  grey  matter  of  the  cerebro-spinal  centre  and  ganglions, 
constituting  a  principal  part  of  the  last-mentioned  bodies,  and  thence 
often  named  ganglionic  corpuscles  or  ganglion-cells ;  they  exist  also  in 
some  of  the  nerves  of  special  sense  at  their  peripheral  expansions,  and, 
here  and  there,  in  the  course  of  certain  other  nerves.     The  nerve-cells 


Fig.  86. 


Fis.  87. 


Fig.  86. — GrANGLioKio  Nerve-Cells,  magnified  (from  Valentin).    Tlie  cell-processes  are 

broken  off. 

n.  nucleus. 

Fig.  87. — Nerve-Cells  from  the  Cortical  Grey  Matter  op  the  Cerebellitm. 
Magnified  260  diameters  (Kolliker). 

may  have  a  spheroidal,  oval,  or  pyriform  shape   (fig.  86) ;  and  such  for 
the  most  part  is  their  form  in  the  ganglia  ;  but  many,  and  especially 
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those  from  the  grey  matter  of  the  spinal  cord  and  brain,  are  of  an 
angular  or  irregular  figure,  and  send  out  processes,  often  fi.nely  branched, 
from  their  circumference  (figs.  87,  88,  and  90) ;  and  then  they  are  often 

Fig.  88. 


Fig.  88. — TVo  Nerve-Cells  from:  Anterior  Column  op  Spinal  Cord  op  Ox,  isolated 
AFTER  Maceration  in  vert  Dilute  Chromic  Acid.    Magnified  175  Diameters. 

Eacli  cell  lias  a  weU-defiued,  clear,  round  nucleus,  and  a  bright  nucleolus.  The  cell 
processes  are  seen  to  be  finely  fibrillated,  the  fibrils  passing  from  one  process  into  another 
through  the  body  of  the  cell. 


named,  according  to  the  number  of  processes  they  present,  nni-,  bi-, 
and  multi-polar  ;  terms  obviously  ill  chosen,  but  rendered  current  by 
use.    They  have  each,  as   a  rule,  a  large,  well-defined,  clear,  round 
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nucleus  (fig.  88),  and  within  this  an  equally  distinct  nucleolus,  or  rarely 
more  than  one.  The  substance  of  the  cell  is  soft  and  translucent,  but 
finely  granular  or  punctuated,  and  slightly  tinged  throughout  with  a 
brownish  red  colour  ;  and  cells  are  often  seen,  especially  those  of  the 
large  ramified  kind,  with  one,  or  sometimes  two,  much  deeper  coloured 


Fig.  89. 


Fig.  90. 


mksf 


Fig.  90. — Ramified   Nerve-Cell   fkom  Ante- 
rior CoRNu  OF  Spinal  Coed  (Man). 

a,  axis-cylinder  process.  6,  clump  of  pig- 
ment granules.  Above  the  cell  is  seen  part  of 
the  network  of  fibrils  mentioned  in  the  text 
(from  Grerlach). 


Fig.  89. 

X  ,  X  ,  Portion  of  nerve-cell  from  spinal  cord  of  ox,  with  axis-cylinder  process,  «, 
coming  otf  from  it  and  acquiring  at  «'  a  medullary  sheath.      Highly  magnified.^ 

h,  represents  an  axis-cylinder,  still  more  magnified,  showing  the  fine  varicose  fibrils 
which  it  contains  (from  Max  Schultze.) 
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brown  patches  caused  by  groups  of  pi-gment  granules  (fig.  90,  h) ;  the 
colour  is  deeper  in  adult  age  than  in  infancy. 

The  bodies  in  question  are  destitute  of  a  proper  envelope.  The  out- 
runners or  branches  are  formed  by  prolongations  of  the  same  soft  sub- 
stance which  forms  the  cell-body  ;  they  are,  therefore,  very  readily 
broken,  and  the  cells  thereby  mutilated,  in  the  manipulation  required 
for  their  insulation.  A  fibrillation  similar  to  that  in  the  axis-cylinders 
of  medullated  nerve-fibres  is  seen  in  these  processes  (figs.  88,  89)  ;  it 
may  be  observed  also  passing  from  them  through  the  body  of  the  cell, 
and  from  one  process  to  another  ;  we  have,  however,  never  succeeded  in 
tracing  any  connection  of  these  fibrils  with  either  the  nucleus  or  the 
nucleolus  of  the  cell  as  has  been  affirmed  by  some. 

According  to  Deiters,  one  process  (and  only  one)  of  each  of  the  cells 
of  the  grey  matter  of  the  spinal  cord  passes  directly  into  the  axis- 
cylinder  of  a  nerve-fibre,  as  represented  in  figs.  89,  90.  This  process  he 
describes  as  being  unbranched  from  the  commencement.  The  other 
processes  divide  into  finer  and  finer  branches,  but  what  becomes  of  the 
ultimate  divisions  is  not  certainly  known.  The  fibrils  resulting  from 
the  repeated  divisions  join,  it  is  said,  with  processes  of  other  cells  to 
form  a  close  network  (fig.  90)  throughout  the  grey  substance  of  the 
cord,  and  from  this  network  other  fibrils  may,  it  is  supposed,  proceed 
and  unite  to  form  the  axis-cylinders  of  issuing  nerves.  We  may  remark, 
however,  that  the  presence  of  an  undivided  axis-cylinder  process  is  by 
no  means  so  constant  in  these  cells  as  is  commonly  described. 

Other    cells    (fig.    91,    a)    are   found    in   the    nervous    substance, 
which  are  distinguished  chiefly  by  the  f)el- 
lucid,   colourless,  and  homogeneous    aspect  I'ig-  91- 

of  the  matter  contained  in  them  ;  such  cells 
possess  a  nucleus  like  the  rest ;  they  are 
seldom  large,  and  have  usually  a  simple 
round  or  oval  figure,  but  may  also  be  found 
branched.  They  occur  along  with  nerve- 
cells  of  the  kind  before  described.  Lastly, 
small  bodies  of  the  size  of  human  blood- 
corpuscles  and  upwards,  containing  one  or 
more  bright  specks  like  nucleoli,  abound  in 
the  grey  matter  in  certain  situations  (fig. 
91  J,  c.)  These  bodies,  which  are  some- 
times called  "  granules  "  resemble  the  nuclei 
of  nerve-cells ;  and  it  may  be  a  question 
whether  they  are  not  the  nuclei  of  cells  in 
which  the  cell-matter  or  protoplasm  is 
very  scanty,  and  accidentally  detached  in 
examination.  These  nucleus-like  bodies  are 
very  abundant  in  the  superficial  grey  matter 
of  the  cerebellum. 

In  the  grey  matter  of  the  cerebro-spinal 
centre,  the  nerve-cells  appear  as  if  imbedded 
in  a  sort  of  matrix  of  granular  substance,  interposed  between  them 
in  greater  or  less  quantity,  and  very  generally  traversed  by  nerve- 
fibres.  But  it  is  very  probable  that  the  appearance  of  granular 
or  molecular  matter  results  from  a  confused  interlacement  of  very  fine 
fibrils,  aad  especially  of  the  fine  ramifications  of  nerve-cells ;  or  from 


Fig.  91. — Small  Cells  from 
THE  Nervous  Centres. 

a,  from  the  (cortical)  grey 
matter  of  the  brain,  i  and  e 
are  from  the  cortical  substance 
of  the  cerebellum  ;  h  resemble 
detached  cell-nuclei.  c  are 
smaller  bodies,  also  like  cell- 
nuclei,  densely  aggregated 
(from  Hannover,  magnified 
3-10  diameters). 
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the  crushing  and  breaking  down  of  such  fibres  in  the  process  of  examina- 
tion. In  the  ganglia  properly  so  called,  the  cells  are  packed  up  among 
nerve-fibres,  but  each  cell  is  also  immediately  surrounded  by  an 
inclosing  capsule  (fig.  93  h). 

The  proper  nervous  substance  of  the  brain  and  spinal  cord  is  described 
by  KoUiker  as  being  traversed  in  all  directions  and  supported  by  a  frame- 
work of  connective  tissue — the  "  retiform  "  con- 
Fig.  92.  nective  tissue  described  at  page  69.  This  is  stated 
to  be  formed  of  an  interunion  of  ramified  con- 
nective tissue  corpuscles,  or  of  a  network  of  fine 
fibres  alone,  originally  proceeding  from  such  cor- 
puscles.    Kolliker  names  this  supporting  struc- 
ture the  reticulum  of  the  nervous  centres  (fig. 
92).       Virchow  proposes   the   term  neuroglia. 
It  is  not  merely  an  open  mesh- work,  but  consists 
also  of  fine  lamina  formed  of  a  close  interlace- 
ment of  the  finest  fibrils,   disposed  as  mem- 
Fig.  92.  — Part  of  the     branous  partitions    and  tubular  compartments 
Reticultjh  from    the     for    separating     and     enclosing    the    nervous 
Spinal  Cord.  bundles.    Besides  these  ramified  cells  others  are 
Open  meshes  are  seen     found  (Deiters)  whicli   are   flattened   and  dis- 
generaiiy     but    at   two     tinctly  fibrillated,  somewhat  like  the  cells  of 

places    close     lamelliiorm      ji-  j-j-  hit  i.i 

interlacements  are  shown,  developing  Connective  tissue.  Moreover,  the 
Magnified  350  diameters  granular  matrix  abovc  described,  in  which  the 
(Kolliker).  nerve-cells  are  imbedded,  is  considered  by  Boll 

to  be  derived  from  connective  tissue  cells,  which 
have  undergone  a  granular  rather  than  a  fibrillar  metamorphosis.* 

Such  being  the  structural  elements  of  the  nervous  substance,  we 
have  next  to  consider  the  arrangement  of  the  cells  and  fibres  in  the 
g.anglia  and  nerves  which  they  contribute  to  form  ;  the  intimate 
structure  of  the  encephalon  and  spinal  cord  being  treated  of  in  the  part 
of  this  work  which  is  devoted  to  special  or  descriptive  anatomy. 


OF     THE     GANGLIA. 

The  bodies  so  named  are  found  in  the  following  situations — viz.  : 
1.  On  the  posterior  root  of  each  of  the  spinal  nerves  ;  on  one,  and  pro- 
bably the  corresponding  root  of  the  fifth  nerve  of  the  encephalon  ; 
and  on  the  seventh  pair,  glosso-pharyngeal  and  pneumogastric  nerves, 
involving  a  greater  or  less  amount  of  their  fibres  ;  also  on  the  branches 
of  certain  cerebro-spinal  nerves.  2.  Belonging  to  the  sympathetic 
nerve,  {a) — In  a  series  along  each  side  of  the  vertebral  column,  con- 
nected by  nervous  cords,  and  constituting  what  was  once  considered  as 
the  trunk  of  the  sympathetic.  (&) — On  branches  of  the  sympathetic  ; 
occurring  numerously  in  the  abdomen,  thorax,  neck>  and  head  ;  gene- 
rally in  the  midst  of  plexuses,  or  at  the  point  of  union  of  two  or  more 
branches.  Those  which  are  found  in  several  of  the  fossae  of  the  cranium 
and  face  are  for  the  most  part  placed  at  the  junction  of  fine  branches  of 
the  sympathetic  with   branches,  usually  larger,  of  the   cerebro-spinal 

*  Stieda,  Stiidien  iiber  das  centrale  Nerven-system,  Z.  fur  Zool.,  1S6S,  1870.  Golgi, 
Gontribuzione  alle  fina  Anatomia  degli  Organi  centrali  del  Sistema  nervoso  ;  Eivista 
Clinica,  1871.  Boll,  Die  Histologic  und  Histiogenese  der  Nervose  Ceutral-organe, 
BerUn,  1873. 
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Fig.  93. 


nerves ;  but  they  are  generally  reckoned  as  belonging  to  the  sympathetic 
system. 

Th  ?  ganglia  differ  widely  from  each  other  in  figure  and  size  :  those 
^which  have  been  longest  known  to  anatomists  are  most  of  them  large 
and  conspicuous  objects ;  but  by  the  researches  of  Eemak  and  others, 
it  has  been  shown  that  there  are  numerous  small,  or  what  might  be 
almost  termed  microscopic  ganglia,  disposed  along  the  branches  of 
nerves  distributed  to  the  tongue,  the  heart,  the  blood-vessels,  the  lungs, 
and  some  other  viscera  ;  also  connected  with  fine  plexuses  of  nerves 
between  the  coats  of  the  intestines. 

Ganglia  are  invested  externally  with  a  thin,  but  firm  and  closely 
adherent  envelope,  continuous  with  the  fibrous  sheath  of  the  nerves, 
and  composed  of  connective  tissue  :  this  outward  covering  sends  pro- 
cesses mwards  through  the  interior  mass,  dividing  it,  as  it  were  into 
lobules,  and  supporting  the  numerous  fine  vessels  which  pervade  it.  A 
section  carried  through  a  gan- 
glion, in  the  direction  of  the 
nervous  cords  connected  with 
it,  discloses  to  the  naked 
eye  merely  a  collection  of 
reddish-grey  matter  traversed 
by  the  white  fibres  of  the 
nerves.  The  nervous  cords 
on  entering  lay  aside  their 
investing  sheath  and  spread 
out  into  smaller  bundles, 
between  which  the  grey  gan- 
glionic substance  is  inter- 
posed ;  and  their  fibres  are 
gathered  up  again  into  cords, 
furnished  with  sheaths,  on 
issuing  from  the  ganglion^ 
The  microscope  shows  that 
this  grey  substance  consists 
of  nerve-cells  and  fibres  with 
supj)orting  connective  tissue. 
The  nerve-cells  have  mostly 
a  round,  oval,  or  pyriform 
figure.  They  are  enclosed 
in  capsules  formed  of  a  trans- 
parent membrane  with  nuclei 
(fig.  93,  h,  94,  95) :  these  cap- 
sules are  apparently  continu- 
ous with  the  primitive  sheaths  of  the  nerves  (M.  Schultze). 

Of  the  relation  between  the  nerve-fibres  in  a  ganglion  and  the 
ganglion-cells,  it  may  be  stated  that  many  fibres  pass  through  without 
being  connected  with  the  cells,  but  that  every  nerve-cell  is  connected 
with  a  fibre  or  with  fibres.  According  to  Beale,  each  cell  is  connected 
with,  at  least,  two  fibres,  which,  on  reaching  the  nervous  bundle  in 
which  they  are  distributed,  run  in  opposite  directions  (fig.  91).  One 
of  the  fibres  is  straight,  usually  of  tolerable  size,  and  connected  with 
the  cell  at  one  spot  like  a  stalk — in  pyriform  cells  at  the  small  end. 
The  other,  usually  smaller,  begins  or  is   attached  at  some  distance 


Fig.  93. — Multi-Polar  Ganglion  Cells  from 
Sympathetic  of  Man  (Max  Scliultze).  Mag- 
nified. 

o,  freed  from  caiisule  ;  6,  enclosed  witliin  cap- 
sule. The  processes  of  botli  are  broken  off  a  short 
distance  from  the  cell. 
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from  the  insertion  of  the  first,  and  inalces  several  turns  on  the  surface 
of  the  cell,  but  within  its  capsule,  which  are  continued  as  spiral  coils 
round  the  straight  fibre,  and  then  the  two  part  company,  and  appa- 
rently run  in  opposite  directions  in  the  nervous  bundle  in  which  they 
mingle. 

The  spiral  fibre  bears  large  oblong  nuclei  along  its  course.  These 
are  seen  on  its  spiral  turns  upon  the  surface  of  the  cell,  and  some,  at 
the  commencement  of  the  fibre,  seem  to  be  beneath  the  surface.  It 
may  be  single  from  the  first,  or  begin  by  two  or  more  filaments  which 
join  at  some  distance  •  from  the  cell.     Both  fibres  increase  in  size  as 


Fiir.  94. 


Ffa.  95. 


Fig.  94. — Ganglion-Cell  op  a  Frog,  Magnified  ;  according  to  Beale. 

Eeduced  and  adapted  from  one  of  his  figures,     a,  a,  straiglit  fibre  ;  h,  h,  coiled  fibre  ; 
c,  smaller  one  joining  it. 

Fig.  95. — Magnified  Ganglion-Cell,  from  the  Sympathetic  of  the  Frog,  according 
TO  J.  Arnold.     Virch.  Arch.  1S65. 
a,  straiglit  fibre  ;  b,  coiled  fibre,  arising  by  a  superficial  net  connected  with  nucleolus 
of  the  cell ;  c,  c,  capsule  with  nuclei. 

they  proceed.  They  have  at  first  the  character  of  pale  fibres  (or  axis- 
cylinders),  then  one  of  them — generally  the  straight  one,  but  it  may  be 
the  other— at  a  short  distance  from  the  cell  acquires  a  medullary  sheath 
and  becomes  a  dark  bordered  fibre.  At  the  same  time  it  cannot  be 
positively  said  that  both  fibres  may  not  become  dark  bordered,  or  both 
continue  as  pale  fibres.     The  spiral  fibres  may  make  more  or  fewer 
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coils,  and  Beale  thinks  the  coils  are  more  numerous  in  older  cells — for 
in  some  cases  the  smaller  fibre  (answering  to  the  spiral  one  else^yhere) 
is  not  coiled  ;  the  cells  in  such  cases  he  considers  to  be  young  or 
recently  formed. 

Beale"s  observations  were  chiefly  made  on  the  ganglia  of  fi-ogs,  the  cells  of 
which  have  very  commonly  a  pyiiform  shape  like  the  one  represented  in  the 
figure.  In  mammalia  they  are  more  spheroidal,  and  the  obsei-vation  of  their 
connection  "with  fibres  is  more  difiicult ;  but  from  examinations  in  mammalia,  he 
was  led  to  infer  that  the  relation  of  the  cells  and  fibres  is  essentially  the  same  as 
in  frogs. 

Two  subsequent  -miters,  Julius  Arnold,  and  L.  G.  Coui-voisier,  confirmed  the 
original  observation  of  Beale  in  almost  every  point  :  but  whilst  the  last-named 
obsei-ver  described  the  two  fibres  as  connected  with  the  substance  of  the  cell  and 
at  its  surface  only — or,  at  least,  could  not  obtain  satisfactory  evidence  of  then- 
passing  into  the  interior — Arnold,  and  (after  him)  Courvoisier  describe  (as  had 
previously  been  done  by  Harless  and  others)  the  straight  fibre  as  traceable  into  the 
nucleus,  with  which  Arnold  thinks  its  medullary  sheath,  here  altogether  inconsider- 
able, is  continuous,  whilst  the  axial  part  ends  in  the  nucleolus,  which  he  regards  as 
the  knobbed  end  of  the  axis-cylinder  (fig.  9.5).  They  both  describe  a  network  of  ex- 
quisitely fine  fibrils,  which,  springing  from  tin  nucleolus  as  a  centre,  traverses  the 
substance  of  the  cell  and  comes  to  the  siurface  between  the  cell-body  and  its  sheath, 
and  finally  unites  into  the  sijiral  fibre.  According  to  this  account,  the  nucleolus 
is.  as  it  were,  the  end  of  the  straight  fibre 
and  beginning  of  the  spiral  one.  or  vice 
Tcrsd  ;  or,  at  least  the  point  of  organic 
connection  between  them  in  the  cell. 
Coui'voisier  describes  both  fibres  as  ac- 
quiring a  medullary  sheath,  the  straight 
one  first.  He  has  found  the  above  de- 
scribed stracture  in  the  ganglia  of  fish, 
birds,  and  mammals  ;  but  whilst  in  the 
frog  the  cell  has  never,  or  scarcely  ever, 
more  than  one  straight  and  very  rarely 
more  than  one  spiral  fibre,  he  finds  that  in 
other  vertebrates  a  cell  may  give  off  such 
twin  fibres  from  two  or  more  parts  of  its 
circumference. 

With  regard  to  the  alleged  connection 
of  the  fibres  -nith  the  nucleus  and  nu- 
cleolus of  the  cell,  we  would  remark 
that  no  such  connection  is  obseiwable  in 
other  nerve-cells. — those  of  the  spinal 
cord  for  instance.  And  recent  observers 
have  for  the  most  part  failed  to  cor- 
roborate the  statements  of  Arnold  and 
Cours-oisier.  On  the  other  hand,  it  is 
probable  that  the  primitive  fibrils  of  the 
nerves  are  continuous  with  one  another 
through  the  body  of  the  cell. 

Besides  such  cells  as  have  now  been 
described,  others  are  not  unfrequently 
met  with  in  which  there  is  a  different 
aiTangement.  In  the  spinal  ganglia  of 
the  skate,  torpedo,  dogfish,  kc.  as  first 
pointed  out  by  E.  Wagner,  two  fibres 
are  connected  with  each  ganglion-cell  at 
opposite  sides — one  dii-ected  centrally  to- 
wards the  root  of  the  neiwe.  and  the  other 
outwardly  towards  its  branches  (fig.  9G), 


Fig.  96. — Bipolar  Ganglion-Cell  feom 
Spinal  Ganglion  of  Pike.  350  Diajie- 
TEKS.     (Kolliker.) 

a,  Capsiile  of  cell  continuous  with,  5, 
sheath  of  nerve.  c,  mediillary  sheath. 
d,  axis-cylinder,     e,  body  of  cell. 
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In  the  spinal  ganglia  of  man  the  cells  commonly  appear  to  possess  bnt  a  single 
process,  which  runs  peripherally  ;  on  the  other  hand,  multipolar  cells  are  occa- 
sionally found.  The  latter,  according  to  Max  Schultze,  are  also  to  he  met  with 
in  the  sympathetic  ganglia  (see  fig.  93). 

.  OP    THE     CEREBRO-SPINAL    NERVES. 

Construction.  —  These  nerves  are  formed  of  the  nerve-fibres 
abeady  described,  collected  together  and  bound  up  in  sheaths  of 
connective  tissue.  A  larger  or  smaller  number  of  fibres  inclosed 
in  a  tubular  sheath  form  a  slender  round  cord  of  no  determinate 
size,  usually  named  a  funiculus ;  if  a  nerve  be  very  small  it  may 
consist  of  but  one  such  cord,  but  in  larger  nerves  several  funiculi 
are  nnited  together  into  one  or  more  bundles,  which,  being  wrapped 
up  in  a  common  membranous  covering,  constitute  the  nerve  (fig.  97). 
Accordingly,  in  dissecting  a  nerve,  we  first  come  to  an  outward 
covering,  formed  of  connective  tissue,  often  so  strong  and  dense 
that  it  might  well  be  called  fibrous.  From  this  common  sheath  we 
trace  laminae  passing  inwards  between  the  larger  and  smaller  bundles 
of  funiculi,  and  finally  between  the  funiculi  themselves,  connecting 

them  together  as  well  as  con- 
Fig.  97.  ducting  and  supporting  the 
fine  blood-vessels  which  are 
distributed  to  the  nerve. 
But,  besides  the  interposed 
areolar  tissue  which  connects 
these  smallest  cords,  each 
Fig.  97.-PORTION  OP  Jr^KUNK  OF  A  Nekve     funiculus  has  a  special  sheath 

CONSISTmG  OP  MANY  SMALLER  CoRDS  OR  FUNICULI        01     l^S     OWU,     aS     Will      DC     im- 

WRAPPED  UP  IN  A  COMMON  Sheath.  mediately  noticed. 

A,  the  nerve  ;  b,   a  single  funiculus  drawn  out  The  COmmon    slieath    and 

from  the  rest  (from  Sir  C.  Bell).  its    subdivisions     COnsist     of 

connective  tissue,  presenting 
the  usual  white  and  yellow  constituent  fibres  of  that  texture,  the 
latter  being  present  in  considerable  proportion  :  frequently  also  a 
little  fat  is  to  be  found.  The  special  sheaths  of  the  funiculi, 
on  the  other  hand,  appear  to  be  formed  essentially  of  a  fine  trans- 
parent membrane,  which  may  without  difficulty  be  stripped  off,  in 
form  of  a  tube,  from  the  little  bundle  of  nerve-fibres  of  which  the 
funiculus  consists.  When  examined  with  a  high  power  of  the  micro- 
scope, this  membrane  presents  the  aspect  of  a  thin  transparent  film, 
which  in  some  parts  appears  to  be  quite  simple  and  homogeneous,  but 
is  more  generally  marked  with  extremely  fine  retioulated  fibres.  Cor- 
puscles resembling  elongated  cell-nuclei  may  be  seen  upon  it  when 
acetic  acid  is  applied,  and  by  treatment  with  nitrate  of  silver  it 
may  be  shown  that  the  film  above  mentioned  is  not  in  reality  simple, 
but  is  made  up  of  two,  three,  or  more  excessively  delicate  lamellte,  on 
the  surface  of  which  an  epithelioid  layer  of  extremely  fine  flattened 
cells,  to  which  the  nuclei  above  mentioned  belong,  may  occasionally 
be  observed.  The  fine  reticulated  fibres  seen  on  the  lamellse  are 
probably  of  an  elastic  nature ;  in  some  parts  they  appear  merely  as  a 
series  of  granules,  as  if  incompletely  developed  (see  p.  71).  Moreover, 
small  plates  of  elastic  substance  are  here  and  there  met  with  in  the 
lamella  which  also  appear  granulated  near  their  edges  (Ranvier). 
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The  tissue  here  described  as  investing  each  fanicnlus  and  enclosing 
its  proper  fibres  is  named  the  neurilemma.'^  It  is  covered  quite  exter- 
nally by  a  layer  of  large  thin  flattened  cells,  the  outlines  of  which  are 
brought  into  view  by  the  silver  treatment  (as  in  fig.  83). 

.  The  funiculi  of  a  nerve  are  not  all  of  one  size,  but  all  are  sufficiently 
large  to  be  readily  seen  with  the  naked  eye,  and  easily  dissected  out 
from  each  other.  In  a  nerve  so  dissected  into  its  component  funiculi, 
it  is  seen  that  these  do  not  run  along  the  nerve  as  parallel  insulated 
cords,  but  join  together  obliquely  at  short  distances  as  they  proceed  in 
their  course,  the  cords  resulting  from  such  union  dividing  in  their 
further  progress  to  form  junctions  again  with  collateral  cords  ;  so  that 
in  fact  the  funiculi  composing  a  single  nervous  trunk  have  an  arrange- 
ment with  respect  to  each  other  similar  to  that  Avhich  we  shall  presently 
find  to  hold  in  a  plexus  formed  by  the  branches  of  different  nerves.  It 
must  be  distinctly  understood,  however,  that  in  these  communications 
the  proper  nerve-fibres  do  not  join  together  or  coalesce.  They  pass  ofP 
from  one  nervous  cord  to  enter  another,  with  whose  fibres  they  become 
intermixed,  and  part  of  them  thus  intermixed  may  again  pass  off  to  a 
third  funiculus,  or  go  through  a  series  of  funiculi  and  undergo  still 
further  intermixture ;  but  throughout  all  these  successive  associations 
(until  near  the  termination  of  the  nerve)  the  fibres  remain,  as  far  as 
known,  individually  distinct,  like  the  threads  in  a  rope. 

*The  fibres  of  the  cerebro-spinal  nerves  are  chiefly,  in  some  cases  per- 
haps exclusively,  of  the  white  or  medullated  kind,  but  in  most  instances 
there  are  also  grey  fibres  in  greater  or  less  number.  Moreover,  fila- 
ments of  extreme  tenuity,  like  the  white  filaments  of  connective  tissue, 
occur,  mixed  up  with  well-characterised  nerve-fibres  within  the  sheaths 
of  the  funiculi.  Lying  alongside  each  other,  the  fibres  of  a  funiculus 
form  a  little  skein  or  bundle,  which  runs  in  a  waving  or  serpentine 
manner  within  its  sheath ;  and  the  alternate  lights  and  shadows  caused 
by  the  successive  bendings  being  seen  through  the  sheath,  give  rise  to 
the  appearance  of  alternate  light  and  dark  cross  stripes  on  the  funiculi, 
or  even  on  larger  cords  consisting  of  several  funiculi.  On  stretching 
the  nerve,  the  fibres  are  straightened  and  the  striped  appearance  is.  lost. 

Vessels. — The  Mood-vessels  of  a  nerve,  supported  by  the  sheath, 
divide  into  very  fine  capillaries.  These,  which  are  numerous,  run 
parallel  with  the  fibres,  many  of  them  within  the  funicular  sheaths,  but 
are  connected  at  intervals  by  short  transverse  branches,  so  as  in  fact  to 
form  a  network  with  long  narrow  meshes.  Lym^^hatics  are  found  in  the 
uniting  connective  tissue  or  perineurium.  Little  is  known  of  their  mode 
of  commencement,  but  it  is  probable  that,  as  in  other  parts,  they  take 
origin  in  the  connective  tissue.  Spaces  which  appear  to  be  lymphatic 
are  met  with  between  the  layers  of  the  neurilemma. 

Branching  and  conjunction  of  K"erves. — ISTerves  in  their  pro- 
gress very  commonly  divide  into  branches,  and  the  branches  of  different 
nerves  not  unfrequently  join  with  each  other.     As  regards  the  arrange- 

*  Some  recent  writers  believing  that  the  primitive  sheath  of  the  nerve-fibre  cor- 
responds to  the  sarcolemma  of  muscle,  have  proposed  to  designate  it  as  the  neurilemma, 
and  to  use  the  term  perineurium  for  the  coarser  sheathing  of  the  nerves  and  nervous 
cords,  to  which  the  term  neurilemma  has  been  usually  applied.  The  use  of  the  term 
penneurium  is  unobjectionable,  and  may  sometimes  be  convenient,  but  the  proposed  new 
and  restricted  application  of  the  term  neurilemma  would  lead  to  ambiguity,  and  is  of 
doubtful  propriety.  The  general  external  covering  of  the  nervous  trunks  has  been 
named  "  cellular  sheath  "  (va/jina  cellulosa). 
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ment  of  the  fibres  in  these  cases,  it  is  to  be  observed,  that,  in  the 
branching  of  a  nerve,  collections  of  its  fibres  successively  leave  the  trunk 
and  form  branches  ;  and  that,  when  different  nerves  or  their  branches 
intercommunicate,  fibres  pass  from  one  nerve  to  become  associated  with 
those  of  the  other  in  their  further  progress  ;  but  in  neither  case  (unless 
towards  their  peripheral  terminations)  is  there  any  such  thing  as  a 
division  or  splitting  of  an  elementary  nerve-fibre  into  two,  or  an  actual 
junction  or  coalescence  of  two  such  libres  together. 

A  communication  between  two  nerves  is  sometimes  effected  by  one 
or  two  connecting  branches.  In  such  comparatively  simple  modes  of 
connection,  which  are  not  unusual,  both  nerves  commonly  give  and 
receive  fibres  ;  so  that,  after  the  junction,  each  contains  a  mixture  of 
fibres  derived  from  two  originally  distinct  sources.  More  rarely  the 
fibres  pass  only  from  one  of  the  nerves  to  the  other,  and  the  contribu- 
tion is  not  reciprocal. 

In  other  cases  the  branches  of  a  nerve,  or  branches  derived  from  two 
or  from  several  different  nerves,  are  connected  in  a  more  complicated 
manner,  and  form  what  is  termed  a  plexus.  In  plexuses — of  which  the 
one  named  "  brachial  "  or  "  axillary,"  formed  by  the  great  nerves  of  the 
arm,  and  the  "  lumbar  "  and  "  sacral,"  formed  by  those  of  the  lower 
limb  and  pelvis,  are  appropriate  examples — the  nerves  or  their  branches 
join  and  divide  again  and  again,  interchanging  and  intermixing  their 
fibres  so  thoroughly  that,  by  the  time  a  branch  leaves  the  plexus,  it 
may  contain  fibres  from  all  the  nerves  entering  the  plexus.  Still,  as  in 
the  more  simple  communications  already  spoken  of,  the  fibres,  so  far  as 
is  known,  remain  individually  distinct  throughout. 

In  some  instances  of  nervous  conjunctions  certain  collections  of  fibres,  after 
passing  from  one  nerve  to  another,  take  a  retrograde  course  in  that  second  nerve, 
and,  in  place  of  being  distributed  peripherally  with  its  branches,  turn  back  to  its 
root  and  rejoin  the  cerebro -spinal  centre.  An  apparent  example  of  such  nervous 
arches  without  peripheral  distribution  is  afforded  by  the  optic  nerves,  in  which 
various  anatomists  admit  the  existence  of  arched  fibres  that  seem  to  pass  across 
the  commissure  between  these  nerves  from  one  optic  tract  to  the  other,  and  to 
return  again  to  the  brain.  These,  however,  are  perhaps  to  be  compared  with  the 
commissural  fibres  of  the  brain  itself,  of  which  there  is  a  great  system  connecting 
the  symmetrical  halves  of  that  organ.  But  instances  of  a  similar  kind  occurring 
in  other  nerves  have  been  pointed  out  by  Volkmann  ;  as  in  the  connection  be- 
tween the  second  and  third  cervical  nerves  of  the  cat,  also  in  that  of  the  fourth 
cranial  nerve  with  the  first  branch  of  the  fifth  in  other  quadrupeds,  and  in  the 
communications  of  the  cervical  nerves  v/ith  the  spinal  accessory  and  the  descen- 
dens  noni.  But  certain  fibres  of  the  optic  nerves  take  a  course  deviating  stUl 
more  from  that  followed  generally,  for  they  appear  to  be  continued  across  the 
commissure  from  the  eyeball  and  optic  nerve  of  one  side  to  the  opposite  nerve 
and  eye,  without  being  connected  with  the  brain  at  all,  and  thus  to  fonn  arches 
with  peripheral  termiaations,  but  no  central  connection.  In  lookiag,  however, 
for  an  explanation  of  this  arrangement,  it  must  be  borne  in  mind  that  the  retina 
is  itself  originally  an  outgrowth  from  the  brain  and  contains  nerve-cells,  like 
those  of  the  nervous  centres,  and  perhaps  the  fibres  referred  to  may  be  intended 
merely  to  bring  the  collections  of  nerve-cells  of  the  two  sides  into  relation  inde- 
pendently of  the  brain.  Julius  Arnold  has  found  an  arrangement  of  fibres 
at  the  junctions  of  the  nerve-plexus  of  the  iris  similar  to  that  in  the  optic 
commissure.* 

The  disposition  of  the  fibres  at  the  points  of  division  and  junction  of  the 

*  Virchow's  Arch.  1863. 
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branches  of  nerves  still  requires  further  investigation.      For  some  interesting 
observations  on  the  subject  the  reader  is  referred  to  a  paper  by  Beale.* 

Origins  or  Roots  of  the  ITerves. — The  cerebro-spinal  nerves,  as 
already  said,  are  connected  by  one  extremity  to  the  brain  or  to  the 
spinal  cord,  and  this  central  extremity  of  a  nerve  is,  in  the  language  of 
anatomy,  named  its  origin  or  root.  In  some  cases  the  root  is  single, 
that  is,  the  funiculi  or  fibres  by  which  the  nerve  arises  are  all  attaclied 
at  one  spot  or  along  one  line  or  tract ;  in  other  nerves,  on  the  contrary, 
they  form  two  or  more  separate  collections,  which  arise  apart  from  each 
other  and  are  connected  with  different  parts  of  the  nervous  centre,  and 
such  nerves  are  accordingly  said  to  have  two  or  more  origins  or  roots. 
In  the  latter  case,  moreover,  the  different  roots  of  a  nerve  may  diflPer 
not  only  in  their  anatomical  characters  and  connections,  but  also  in 
function,  as  is  well  exemplified  in  the  spinal  nerves,  each  of  which 
arises  by  two  roots,  an  anterior  and  a  posterior — the  former  containing 
the  motor  fibres  of  the  nerve,  the  latter  the  sensory. 

The  fibres  of  a  nerve,  or  at  least  a  considerable  share  of  them,  may 
be  traced  to  some  depth  in  the  substance  of  the  brain  or  spinal  cord, 
and  hence  the  term  "  apparent  or  superficial  origin"  has  been  employed 
to  denote  the  place  where  the  root  of  a  nerve  is  attached  to  the  surface, 
in  order  to  distinguish  it  from  the  "  real  or  deep  origin  "  which  is 
beneath  the  surface  and  concealed  from  view. 

To  -crace  the  different  nerves  back  to  their  real  origin,  and  to  determine  the 
points  where,  and  the  modes  in  which  their  fibres  are  connected  "with  the  nervous 
centre,  is  a  matter  of  great  difficulty  and  uncertainty ;  and,  accordingly,  the 
statements  of  anatomists  respecting  the  origin  of  particular  nerves  are  in  many 
cases  conflicting  and  misatisfactory.  Confining  ourselves  here  to  what  apjalies 
to  the  nerves  generally,  it  may  be  stated,  that  their  roots,  or  part  of  their  roots, 
can  usually  be  followed  for  some  way  beneath  the  surface,  in  form  of  white 
tracts  or  bands  distinguishable  from  the  surrounding  substance  ;  and  very  gene- 
rally these  tracts  of  origin  may  be  traced  towards  deposits  of  gi'ey  nervous  matter 
situated  in  the  neighbourhood  ;  such,  for  instance,  as  the  central  grey  matter  of 
the  spinal  cord,  the  grey  centres  of  the  pneumo-gastric  and  glosso-pharyngeal 
nerves,  the  corpora  geniculata  and  other  larger  grey  masses  connected  with  the 
origin  of  the  optic  nerve.  It  would  further  seem  probable  that  certain  fibres  of 
the  nerve-roots  take  their  origin  in  these  local  dei^osits  of  grey  matter,  whilst 
others  become  continuous  with  the  white  fibres  of  the  spinal  cord  or  encephalon, 
which  are  themselves  connected  with  the  larger  and  more  general  collections 
of  grey  matter  situated  in  the  interior  or  on  the  surface  of  the  cerebro-spinal 
centre. 

There  is  still  much  uncertainty  as  to  the  precise  mode  in  which  the 
nerve-fibres  originating  or  terminating  in  the  grey  matter  are  related  to 
its  elements,  and  for  the  most  part,  indeed,  individual  fibres  on  being 
traced  into  the  grey  matter,  become  so  hidden  in  the  mass  as  to  elude 
farther  scrutiny.  Nevertheless,  as  a  continuity  between  the  nerve-fibres 
and  nerve-cells  in  the  grey  matter  has  now  been  traced  in  individual 
examples  by  many  different  observers,  and  as  such  connections  may  be 
held  to  be  general  in  the  ganglions,  it  is  not  unfair  to  infer  that,  but  for 
the  obstacles  to  successful  investigation,  the  cells  in  the  grey  matter  of 
the  cerebro-spinal  centre  would  by  this  time  also  have  been  shown  to 
be  generally  connected  with  the  nerve-fibres. 

*  On  the  Branching  of  Nerve-Trunks,  &c,,  Archives  of  Medicine,  vol.  iv.,  p.  127. 
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Three  modes  of  connection  of  cells  with  fibres  are  described.  1.  From 
a  cell,  Tvbich  may  have  several  branched  outrunners,  one  stout  unbranched 
process  is  continued  into  a  nerve-fibre,  at  first  naked,  and  probably  re- 
presenting only  the  axis-cylinder,  then  acquiring  a  medullary  sheath 
and  dark  borders,  and  finally  a  membranous  tube  or  primitive  sheath 
(figs.  89,  90,  p.  134).  2.  From  one  or  more  finely  divided  branches  of  a 
cell,  or  of  more  than  one  cell,  equally  fine  fibrils  are  prolonged,  which 
coalesce  into  a  pale  fibre,  having  the  characters  of  an  axis-cylinder,  which 
then,  as  in  the  former  case,  may  in  its  progress  become  a  dark-bor- 
dered medullated  fibre.  3.  The  extreme  ramifications  of  a  cell  or 
cells,  become  connected,  as  in  the  last  case,  with  fibrils,  which  join 'into 
a  nerve-fibre  ;  but  the  connection  takes  place  by  the  intervention  of 
small  bipolar  cells,  which  are  by  one  pole  continuous  with  the  branches 
of  the  larger  cell  or  cells,  and  by  the  other  with  fine  fibrils  which  join 
into  a  pale  fibre,  or  into  an  axis-cylinder  of  a  dark-bordered  fibre. 
Gerlach,  and  after  him  Waldeyer  and  others,  have  described  this  last 
mode  of  connection,  as  seen  by  them  in  the  cerebellum.  The  statement 
also  derives  support  from  the  observations  of  Lockhart  Clarke,  on  the 
structure  of  the  olfactory  bulb.  Along  with  this  indirect  connection 
through  small  intervening  cells,  Gerlach  supposes  that  a  process  or  pro- 
cesses of  the  large  cells  pass  directly  into  nerve-fibres  ;  and  should  such 
direct  connection  take  place  by  the  prolongation  of  an  unbranched  cell- 
process  into  a  nerve-fibre,  the  arrangement  would  be  analogous  to  that 
in  the  ganglia :  the  simple  origin,  representing  that  of  the  straight 
fibre  from  the  ganglion-cell,  whilst  the  ramified  origin,  with  the  inter- 
vening small  cells,  might  be  compared  to  that  of  the  superficial  or  spiral 
fibre,  with  its  interposed  nuclei. 

The  primitive  fibrils  may,  as  already  stated,  be  frequently  observed  to  pass 
through  the  nerve-cells  from  one  process  into  another.  AMierever  this  is  found 
it  seem^s  reasonable  to  regard  the  cells  rather  as  interpolations  in  the  course  of  the 
nerves  than  as  actually  giving  origin  to  them  ;  this  is  more  especially  the  case  in 
those  instances  in  which  a  comparatively  small,  nucleated  swelling  on  a  peripheral 
fibre  represents  a  nerve-cell. 

The  fibres  of  origin  of  a  nerve,  whether  deeply  implanted  or  not,  on 
quitting  the  surface  of  the  brain  or  spinal  cord  to  form  the  apparent 
origin  or  free  part  of  the  root,  are  in  most  cases  collected  into  funiculi, 
which  are  each  invested  with  a  sheath  of  neurilemma.  This  investment 
is  generally  regarded  as  a  prolongation  of  the  pia  mater,  and  in  fact  its 
continuity  with  that  membrane  may  be  seen  very  plainly  at  the  roots  of 
several  of  the  nerves,  especially  those  of  the  cervical  and  dorsal  nerves 
within  the  vertebral  canal,  for  in  that  situation  the  neurilemma,  like 
the  pia  mater  itself,  is  much  stronger  than  in  the  cranium.  The 
funiculi,  approaching  each  other  if  originally  scattered,  advance  towards 
the  foramen  of  the  skull  or  spine  which  gives  issue  to  the  nerve,  and  pass 
through  the  dura  mater,  either  in  one  bundle  and  by  a  single  aperture, 
or  in  two  or  more  fasciculi,  for  which  there  are  two  or  more  openings  in 
the  membrane.  The  nerve-roots  in  their  course  run  beneath  the  arach- 
noid membrane,  and  do  not  perforate  it  on  issuing  from  the  cranio- 
verteliral  cavity  ;  for  the  loose  or  visceral  layer  of  the  arachnoid  is  pro- 
longed on  the  nerve  and  loosely  surrounds  it  as  far  as  the  aperture  of 
egress  in  the  dura  mater,  where,  quitting  the  nerve,  it  is  reflected  upon  the 
inner  surface  of  the  latter  membrane,  and  becomes  continuous  with  the 
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parietal  or  adherent  layer  of  the  arachnoid.  The  nerve,  on  escaping 
from  the  skull  or  spine,  acquires  its  external,  stout,  fibrous  sheath, 
which  connects  all  its  funiculi  into  a  firm  cord,  and  then,  too,  the  nerve 
appears  much  thicker  than  before  its  exit.  The  dura  mater  accom- 
panies the  nerves  through  the  bony  foramina,  and  becomes  continuous 
vrith  their  external  sheath  and  (at  the  cranial  foramina)  with  the  peri- 
cranium ;  but  the  sheath  does  not  long  retain  the  densely  fibrous 
character  of  the  membrane  with  which  it  is  thus  connected  at  its  com- 
mencement. 

The  arrang-ement  of  the  membranes  on  the  roots  of  certain  of  the  cranial  nerves 
requires  to  be  sijecially  noticed. 

The  numerous  fasciculi  of  the  olfactory  nerve  pass  through  thek  foramina 
almost  immediately  after  springing  from  the  olfactory  bulb,  and  then  also  receive 
their  neurilemma.  The  brdb  itself,  and  the  intracranial  part  of  the  nerve,  which 
are  to  be  regarded  as  being  really  a  prolongation  or  lobe  of  the  brain,  are  invested 
externally  by  the  pia  mater,  but  are  not  fasciculated.  The  arachnoid  membrane 
passes  over  the  fuiTow  of  the  brain  in  which  this  part  of  the  nerve  lies,  without 
affording  it  a  special  investment. 

The  optic  nen'e  becomes  subdi\-ided  internally  into  longitudinal  fasciculi  by 
neuiilemma  a  little  way  in  front  of  the  commissure  :  on  passing  through  the 
optic  foramen  it  receives  a  sheath  of  dura  mater,  which  accompanies  it  as  far  as 
the  eyeball.  The  acoustic  nerve  becomes  fasciculated,  receives  its  neurilemma, 
and  acquires  a  firm  strxicture  on  entering  the  meatus  auditorius  intemus  in  the 
temporal  bone,  towards  the  bottom  of  which  it  presents  one  or  more  small  gan- 
glionic swellings  containmg  the  characteristic  cells.  JIp  to  this  point  it  is  destitute 
of  neurilemma,  and  is  of  soft  consistence,  whence  the  name  "  portio  mollis" 
applied  to  it. 

The  larger  root  of  the  fifth  pair  acquires  its  neurilemma  and  its  fasciculated 
character  sooner  at  its  circumference  than  in  the  centre,  so  that,  in  the  round 
bunch  of  cords  of  which  it  consists,  those  placed  more  outwardly  are  longer  than 
those  within,  and,  when  all  are  pulled  away,  the  non -fascicular  part  of  the  nerve 
remains  in  form  of  a  small  conical  eminence  of  comparatively  soft  nervous 
substance. 

Most  of  the  nerves  have  ganglia  connected  with  their  roots.  Thus, 
the  spinal  nerves  have  each  a  ganglion  on  the  posterior  of  the  two  roots 
by  which  they  arise  ;  and  in  like  manner  several  of  the  cranial,  viz., 
the  fifth,  seventh,  glosso-pharyngeal,  and  pneumo-gastric,  are  furnished 
at  their  roots,  or  at  least  within  a  short  distance  of  their  origin,  with 
ganglia  which  involve  a  greater  or  less  number  of  their  fibres,  as  de- 
scribed elsewhere  in  the  special  anatomy  of  these  nerves. 

TEEMmATION,  OE    PERIPHERAL  DlSTRIBUTIOI>r,  OF   NeRTES.  — It  may 

be  stated,  generally,  and  apart  from  what  may  apply  to  special  modes 
of  termination,  that,  in  approaching  their  final  distribution,  the  fibres  of 
nerves,  meduUated  and  non^medullated,  commonly  divide  into  branches 
(fig.  98) ;  and  the  former,  either  before  or  after  division,  generally 
lose  their  medullary  sheath,  and  consequently  their  dark  borders,  and 
take  on  the  characters  of  pale  fibres.  The  axis-cylinder  participates  in 
the  division,  and  it  might  be  said  that  the  white  fibres  are  represented 
in  their  further  progress  by  the  axis-cylinder  audits  ramifications  ;  still, 
the  primitive  sheath  or  membranous  tube  continues  some  way  along 
these  pale  branches  after  the  medullary  sheath  has  ceased,  but  may 
finally  too  desert  them.  By  repeated  division  the  fibres  become  smaller 
and  smaller  ;  but  whilst  some  of  the  resulting  small  fibres  may  be 
simple,  many  are  really  bundles  of  excjuisitely  fine  pale  fibrils,  straight, 
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sinuous,  or  somewhat  tortuous  in  their  course.  They  bear  nuclei,  some 
of  which,  no  doubt,  may  appertain  to  the  prolongation  of  the  primitive 
sheath  ;  but  others,  generally  fusiform  and  granular,  are  interposed,  as 

Fig.  98. 


Fig.   98.— Small  Branch   of  a  Muscular  Nerve  of  the  Frog,  near  its  Termina- 
tion,   SHOWING   DIVISIONS   OF   THE   FiBRES.      MAGNIFIED   350   DIAMETERS   (Kolliker). 


a,  iato  two  ;  &,  into  three. 


it  were,  in  the  course  of  the  fibres,  and  are  continuous  with  them  at 
either  end  ;  nuclei,  moreover,  of  a  triangular  or  irregular  shape,  are 
common  at  the  bifurcations  of  the  fibres.  These  pale  fibres  often  join 
into  networks ;  but  their  further  disposition  in  different  parts  will  be 
treated  of  below.  In  the  meantime  it  must  be  explained  that  the 
original  dark-bordered  fibres  which  thus  undergo  division  and  change, 
or  which  may  proceed  singly  to  end  in  a  different  and  special  manner, 
are  commonly  provided  with  a  tolerably  strong  sheath  with  nuclei, 
which,  as  it  stands  well  apart  from  the  dark  borders  of  the  fibre,  is  very 
conspicuous.  This  is  sometimes  considered  to  be  only  the  primitive 
sheath  of  the  fibre  modified  in  character,  but  it  seems  more  probable 
that  it  is  derived  from  the  neurilemma  or  perineurium  which  incloses 
the  fine  bundles  or  funiculi,  and,  as  these  part  into  smaller  collections 
and  single  fibres,  undergoes  a  corresponding  division,  and  finally  sends 
sheaths  along  single  fibres. 

In  further  treating  of  the  termination  of  nerves,  it  will  be  convenient 
to  consider  the  sensory  and  motor  nerves  separately. 

Termination  of  sensory  nerves. — Of  the  sensoiy,  or,  at  least, 
non-muscular  nerves,  the  following  modes  of  final  distribution  have 
been  recognised. 

A.  By  networks,  or  terminal  plexuses.    These   are  formed  by  the 
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branching  and  interjimction  of  the  fibrils  above  described  as  resulting 
from  the  division  of  the  pale  fibres  or  of  the  axis-cylinder  of  the  Avhite 
fibres.  The  meshes  of  the  net  may  be  at  first  wider,  and  the  threads, 
or  bundles  of  threads,  larger,  but  from  these,  finer  filaments  forming 
closer  reticulations  proceed,  and  then  sometimes  the  nuclei  become  less 
frequent,  or  disappear.  Such  networks  are  found  in  the  skin,  in  various 
parts  of  the  mucous  membranes,  in  the  cornea,  and  in  various  other 
parts  :  they  will  be  most  conveniently  considered  in  the  description  of 
the  organs  to  which  they  belong. 

B.  Sensory  terminal  organs.  Three  varieties  of  these  are  now 
recognised,  viz.,  end-hulhs,  tadile-corpuscles,  and  Fadnian  todies. 
These  have  so  far  a  common  structure,  that  in  all  of  them  there 
is  an  inward  part  or  core  {InnenJcolhen,  Germ.)  of  soft,  translucent 
substance  ;  an  outer  membranous  capsule  with  pertaining  corpuscles ; 
and,  finally,  one  or  sometimes  more  nerve-fibres,  pale  and  without  dark 
contours,  which  pass  into  the  core  and  apparently  end  with  a  free, 
usually  somewhat  swollen,  or  knobbed  extremity.  Thus  agreeing  in 
their  internal  and  probably  essential  structure,  the  terminal  organs 
differ  chiefly,  or  at  least  most  obviously,  in  their  capsule,  which,  simple 
in  the  end-bulbs,  becomes  highly  complicated  in  the  Pacinian  bodies  ; 
and  therefore  in  the  farther  account  of  them  it  will  be  convenient  to 
begin  with  the  former,  although  the  Pacinian  bodies  have  been  much 
longer  known. 

End-bulbs. — Noticed  incidentally  by  Kolliker,  but  first  investigated 
and  recognised  as  distinct  organs  by  W.  Krause,  who  named  them 
EndlioTben.  Their  figure  in  man  and  apes 
is  usually  spheroidal  (fig.  99),  but  oblong  in 
some  quadrupeds.  They  measure  about  -e^oth 
of  an  inch  in  diameter,  but  may  exceed  this 
in  length  with  a  less  breadth,  when  of  an  oval 
shape.  They  have  a  simple  outer  capsule  of 
connective  tissue,  bearing  nuclei,  and  within 
this  a  core  of  clear  soft  matter,  in  which 
specks  resembling  fat- granules  become  visible 
after  exposure  to  a  solution  of  soda.  To  an 
-end-bulb  there  proceeds  usually  one,  but  some- 
times two,  or  even  three  dark-bordered  nerve- 
fibres  ;  and  sometimes  an  originally  single 
fibre  divides  into  two  or  three  immediately 
before  entering  the  corpuscle ;  or  several 
branches  of  one  fibre  may  each  run  into  a 
separate  end-bulb.  The  fibre  or  fibres  pass 
into  the  core,  lose  their  dark  borders,  and 
appear  to  end,  when  their  ends  can  be  traced, 
in  a  bulbous  extremity  or  knob.  The  nerve- 
fibre,  when  about  to  enter  the  corpuscle,  is 
often  much  coiled,  and  this  may  be  the  case 
too  with  its  pale  continuation  within,  which 
contributes  greatly  to  obscure  its  actual 
termination.     End-bulbs  have  been  hitherto 

found  in  the  conjunctiva  over  the  sclerotic  coat  of  the  eye,  and  in 
the  mucous  membrane  on  the  floor  of  the  mouth,  the  lips,  soft  palate, 
and  tongue,  being  in  these  last-mentioned  situations  lodged  in  papillft, 

L    2 


Fig.  99. — Three  Nerve- 
end-bulbs  FROM  THE  HUJIAN 
Conjunctiva,  treated  with 
acetic  acid,  magnified  300 
diameters. 

1.  With  two  nerve-fibres 
forming  coils  within.  2.  With 
one  nerve-fibre  and  fat-gra- 
nules in  the  core.  3.  Of  an 
oval  figure  ;  termination  of 
nerve  distinct.  Nuclei  on 
the  ca^jsules  of  1  and  2  (from 
Kolliker,  after  a  dra^vdng  by 
Liidden). 
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or  at  their  roots  (fig.  100) ;  also,  more  deeply,  in  the  skin  of  the  glans 
of  the  penis  and  clitoris.* 


Fiff.  100. 


Fig.   100. — End-Bulbs  in   Papilla,   magnified, 

TREATED  WITH  ACETIC  ACID. 

A,  from  the  lips ;  the  white  looj^s  in  one  of 
them  are  capillaries.  B,  from  the  tongue.  Two 
end-bulbs  seen  in  the  midst  of  the  simple  papilliE. 
a,  a,  nerves  (from  Kolliker). 


Tactile  corpuscles  or  toiicli-'bodies  {corjmscula  tactus)  (fig.  lOlJ 


Fig.  101. 


V : 


Fig.      101. PAPILLiE     FEOM     THE     SkIN     OF'   THE    HaND,    FREED     FROJI     THE     CuTICLE 

AND    EXHIBITING    THE    TACTILE    CORPUSCLES.       MAGNIFIED    350    DIAMETERS. 

A.  Simi:)le  papilla  with  four  nerve-fibres,  a,  Tactile  corpuscle  ;  6,  nerves,  b.  Papilla 
treated  with  acetic  acid  ;  a,  connective  tissue  of  p)apilla  with  cells  and  fine  elastic  fila- 
ments ;  &,  tactile  corpuscle  with  transverse  nuclei ;  c,  entering  nerve  with  neurilemma 
or  perineurium  ;  d,  nerve-fibres  winding  round  the  corpuscle,  c.  Papilla  viewed  from 
above  so  as  to  appear  as  a  cross  section,  a,  connective  tissue  of  pajnlla  ;  h,  nerve-fibre  ; 
c,  sheath  of  the  tactile  corpuscle  containing  nuclei  ;  d,  core  (after  Kolliker). 

Discovered  bj  E.  Wagner  and  Meissner.     These  are  mostly  of  an  oval 

W.  Krause  has  described  peculiar  organs  in  the  skin  of  the  penis  and  clitoris,  allied 
to  the  end -bulbs,  which  he  proposes  to  call  genital  nerve-corpuscles.  They  are  various  in 
form,  but  present  a  mulberry-like  surface.  One,  or  two,  rarely  three  or  four,  dark- 
bordered  nerve  fibres  enter  each  of  them.  They  have  a  delicate  .sheath  of  connective 
tissue,  with  many  nuclei,  and  soft  finely  granular  contents  allied  to  the  core  of  the  end- 
bulbs. 
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Fig.   102. 


shape,  nearly  ^-^^  of  an  inch  long,  and  o-^-o  of  an  inch  thick.  Y\^ithin 
is  a  core  of  soft,  transparent,  homogeneous  substance,  with  sparsely- 
imbedded  granules  ;  outside,  a  capsule  of  connective  tissue,  with  oblong 
nuclei  directed  transversely  to  the  axis  (and  rendered  more  conspicuous 
by  acetic  acid  or  coloration  with  carmine),  which,  with  perhaps 
some  horizontally  wound  fibres,  give  the  corpuscle  somewhat  the 
appearance  of  a  miniature  fir-cone.  One,  two,  or  even  more  nerve- 
fibres,  run  to  the  corpuscle,  and  proceeding  straight,  or  with  serpentine 
windings,  approach  the  summit,  up  to  this  point  retaining  their  dark 
borders  ;  they  then  pass  into  the  core,  and,  so  far  as  can  be  seen,  end 
as  fine  pale  fibres.  The  touch  corpuscles  are  found  in  the  skin  of  the 
hand  and  foot,  and  one  or  two  other  parts,  where  they  are  inclosed  in 
certain  of  the  cutaneous  papillas  which  usually  include  no  vessels.  It 
may  be  here  observed  that  loops  of  nerves  are  sometimes  seen  in  papillae 
without  touch-bodies,  but  probably  they  belong  to  a  nerve  on  its  way 
to  end  in  the  corpuscle  of  a  neighbouring  papilla. 

Pacinian  bodies. — In  dissecting  the  nerves  of  the  hand  and  foot, 
certain  small  oval  bodies  like  little  seeds,  are  found  attached  to  their 
branches  as  they  pass  through  the  subcutaneous 
fat  on  their  way  to  the  skin  ;  and  it  has  been  ascer- 
tained that  each  of  these  bodies  receives  a  nervous 
fibre  which  terminates  within  it.  The  objects 
referred  to  were  more  than  a  century  ago  described 
and  figured  by  Vater,*  as  attached  to  the  digital 
nerves,  but  he  did  not  examine  into  their  struc- 
ture, and  his  account  of  them  seems  not  to  have 
attracted  much  notice.  In  more  recent  times, 
their  existence  was  again  pointed  out  by  Cru- 
veilhier  and  other  French  anatomists,  as  well  as 
by  Pacini  of  Pisa,  who  appears  to  be  the  first 
writer  that  has  given  an  account  of  the  internal 
structure  of  these  curious  bodies,  and  clearly 
demonstrated  their  essential  connection  with  the 
nervous  fibres.  The  researches  of  Pacini  were 
followed  up  by  Henle  and  K6lliker,f  who  named 
the  corpuscles  after  the  Italian  savant ;  and  to 
their  memoir,  as  well  as  to  more  recent  papers, | 
the  reader  is  referred  for  details  that  cannot  be 
conveniently  introduced  here. 

The  little  bodies  in  question  (fig.  102)  are,  as 
already  said,  attached  in  numbers  to  the  branches 
of  the  nerves  of  the  hand  and  foot,  and  here 
and  there  one  or  two  are  found  on  other  cuta- 
neous nerves.  They  have  been  discovered  also 
within  the  abdomen  on  the  nerves  of  the  solar 
plexus,  and  they  are  nowhere  more  distinctly  seen  or  more  conveniently 
obtained  for  examination,  than  in  the  mesentery  of  the  cat,  between 

*  Abr.  Vater,  Diss,  de  Consensu  Partium  Corp.  hum. ;  Vitemb.  1741,  (recus.  inHalleri 
Disp.  Anat.  Select,  torn.  ii.).     Ejusd.  Museum  Anatomicum  ;  Helmst.  1750. 

"t  Ueber  die  Paciniscbeu  Korpercben  ;   Zurich,  1844. 

+  Bowman,  Cyclop,  of  Anat.  W.  Krause,  Anat.  Untersuchungen  ;  Hannover,  1861, 
and  Zeits.  f.  rat.  Med.  xvii.  1865.  T.  W.  Engelmann,  Zeits.  f.  Wiss.  Zool.  xiii.  1863. 
Miehelson,  Scbultze's  Archiv,  v.  1869.  Axel  Key  and  Retzius,  Schultze's  Archiv,  ix. 
1873. 


Fig.  102.— A  Neuve 
OF  THE  Middle 
Finger,  with  Paci- 
nian- Bodies  at- 
tached. Natural 
SIZE  (after  Henle 
and  Kolliker). 
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the  layers  of  which  they  exist  abundantly.  They  have  been  found  on 
the  pudic  nerves  in  the  gians  penis  and  bulb  of  the  urethra,  on  the 
intercostal  nerves,  sacral  plexus,  cutaneous  nerves  of  the  upper  arm 
and  neck,  and  on  the  infraorbital  nerve.  Lately  they  have  been 
recognised  on  the  periosteal  nerves,  and,  in  considerable  numbers, 
on  the  nerves  of  the  joints.  They  are  found  in  individuals  of  all  ages. 
The  figure  of  these  corpuscles  is  oval,  somewhat  like  that  of  a  grain  of 
■wheat, — regularly  oval  in  the  cat,  but  mostly  curved  or  reniform  in 
man,  and  sometimes  a  good  deal  distorted.  Their  mean  size  in  the 
adult  is  from  y^j-th  to  y^gth  of  an  inch  long,  and  from  -^^gth  to  o^th  of 
an  inch  broad.  They  have  a  whitish,  opaline  aspect  :  in  the  cat's 
mesentery  they  are  usually  more  transparent,  and  then  a  white  line 
may  be  distinguished  in  the  centre.  A  slender  stalk  or  peduncle 
attaches  the  corpuscle  to  the  branch  of  nerve  with  which  it  is  connected. 
The  peduncle  contains  a  single  medullated  nerve-fibre  ensheathed  in 
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Fig.  103. — A,  Magnified  View  op  a  Pacinian  Body  prom  the  Mesentery  oe  a  Cat 
(from  a  drawing  by  Professor  Marshall),  showing  the  lamellar  structure,  the  capsules  with 
their  nuclei  (the  inner  and  closer  series  of  capsules  appearing  darker  in  the  figure)  the 
nerve-fibre  passing  along  the  peduncle,  and  penetrating  the  capsules  to  reach  the  core  in 
the  central  cavity,  where  it  loses  its  strong,  dark  outline,  and  terminates  by  an  irregular 
knob  at  the  distal  and  here  dilated  end  of  the  cavity.  Connective  tissue  (neurilemma 
or  perineurium)  and  blood-vessels  are  represented  in  the  peduncle,  and  tortuous  c;ipillaries 
are  seen  running  u]j  among  the  capsules,  b  and  c  represent  the  termination  of  the  nerve 
with  the  distal  end  of  the  central  cavity  and  adjoining  capsules,  to  illustrate  varieties  of 
arrangement.     In  b  the  fibre,  as  well  as  the  core  and  adjoining  capsules,  is  bifurcated. 
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Fig.  104. 


neurilemma,  with  connective  tissue  and  one  or  more  fine  blood-vessels  ; 
it  joins  the  corpuscle  at  or  near  one  end,  and  conducts  the  nerve-fibre 
into  it.  The  little  body  itself,  examined  under  the  microscope,  is  found 
to  have  a  beautiful  lamellar  structure  (fig.  103,  a).  It  consists,  in  fact, 
of  numerous  concentric  membranous  capsules  encasing  each  other  like 
the  coats  of  an  onion,  with  a  small  quantity  of  pellucid  fluid  included 
between  them.  Surrounded  by  these  capsules,  and  occupying  a 
cylindrical  cavity  in  the  middle  of  the  corpuscle,  is  the  core,  formed  of 
transparent  and  homogeneous  soft  substance,  in  the  midst  of  which  the 
prolongation  of  the  nerve-fibre  is  contained.  The  number  of  capsules 
is  various  ;  from  forty  to  sixty  may  be  counted  in  large  corpuscles. 
The  series  immediately  following  the  central  or  median  cavity,  and 
comprehending  about  half  of  the 
entire  number,  are  closer  together 
than  the  more  exterior  ones,  seeming 
to  form  a  system  by  themselves, 
which  gives  rise  to  a  white  streak 
often  distinguishable  by  the  eye 
along  the  middle  of  the  corpuscles 
when  seen  on  a  dark  ground.  Out- 
side of  all,  the  corpuscle  has  a  coating 
of  ordinary  connective  tissue.  The 
capsules,  at  least  the  more  superficial 
ones,  consist  each  of  a  thin  lamella 
of  an  almost  homogeneous  or  faintly 
striated  appearance,  with  a  reticulum 
of  exquisitely  fine  fibres,  probably  of 
an  elastic  nature,  on  the  outer 
surface.  On  the  inner  surface  of 
each  lamella  a  number  of  clear 
oval  nuclei  are  to  be  seen,  and 
treatment  with  nitrate  of  silver 
shows  these  to  belong  to  a  delicate 
layer  of  flattened  epithelioid  cells 
(fig.  104),  lining  each  successive 
capsule  (Hoyer).  It  is  thus  seen 
that  in  intimate  structure  the  cap- 
sules correspond  very  closely  to  the 
lamellse  of  which  the  neurilemma  of 
the  nerve,  before  described,  is  com- 
posed. 

The  nerve  fibre,  the  disposition 
of  which  must  now  be  noticed,  is 
conducted  along  the  centre  of  the 
stalk,  enters  the  corpuscle,  and  passes 
straight  into  the  central  cavity,  at 
the  further  end  of  which  it  termi- 
nates. The  neurilemma  surrounding  the  nerve-fibre  in  the  peduncle 
accompanies  it  also  in  its  passage  through  the  series  of  capsules, 
gradually  decreasing  in  thickness  as  it  proceeds,  and  ceasing  alto- 
gether when  the  nerve  has  reached  the  central  cavity.  According 
to  Pacini,  the  neurilemma  forms  a  series  of  concentric  cylindrical  layers, 
which  successively  become  continuous  with,  or  rather  expand  into  the 


Fig.  104.— Pacinian  Coupitscle  from 
Mesentery  of  Cat  ;  stained  with 
Nitrate  of  Silver.     Magnified. 

The  epithelioid  cells  of  the  outermost 
capsule  are  shown,  and  their  continuity, 
at  the  peduncle,  with  those  of  the  cor- 
responding layer  of  the  neurilemma  (from 
a  drawing  by  Mr.  Gr.  C.  Henderson). 
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capsules,  the  innermost,  of  conrse,  advancing  farthest.  Others  suppose 
that  the  capsules  are  all  successively  perforated  by  a  conical  channel 
which  gives  passage  to  the  nerve  with  its  neurilemma,  but  at  the  same 
time  has  its  own  proper  wall,  round  which,  on  the  outside,  the  capsules 
are  attached.  We  must,  however,  adhere  to  Pacini's  view,  having  in 
silvered  preparations  observed  the  layers  of  epithelioid  cells  lining  the 
capsules  to  be  directly  continuous  with  those  of  the  neurilemma. 

The  nerve-fibre  is  single,  as  it  runs  along  the  peduncle,  unless  when 
the  latter  supports  two  corpuscles  ;  it  retains  its  dark  double  contour 
until  it  reaches  the  central  cavity,  where,  diminished  in  size,  and  freed 
from  its  perineurium,  it  becomes  somewhat  flattened,  and  presents  the 
appearance  either  of  a  pale,-  finely  granular,  and  very  faintly  outlined 
band  or  stripe,  little  narrower  than  the  previous  part  of  the  fibre,  or  of 
a  darker  and  more  sharply  defined  narrow  line;  dilfering  thus  in  appear- 
ance according  as  its  flat  side  or  its  edge  is  turned  towards  the  eye. " 
The  pale  aspect  which  the  fibre  presents  in  the  centre  of  the  corpuscle 
has  Avith  some  probability  been  ascribed  to  its  losing  the  white  sub- 
stance or  medullary  sheath  on  entering  the  cavity.  Henle  and  KolUker, 
however,  think  that  it  is  more  likely  the  result  merely  of  a  diminution 
in  size,  together  with  a  certain  degree  of  flattening.  It  sometimes 
happens  that  the  fibre  regains  its  original  magnitude  and  double  con- 
tour for  a  short  space,  and  changes  again  before  it  terminates  ;  this  is 
especially  liable  to  occur  while  it  passes  through  a  sharp  flexure  in  a 
crooked  central  cavity.  The  fibre  ends  by  a  sort  of  knob  at  the  further 
extremity  of  the  median  cavity,  which  is  often  itself  somewhat  dilated. 
The  knob,  often  finely  granular,  appears  to  be  an  expansion  of  the 
axis-cylinder,  and  is  sometimes  of  considerable  size.  It  may. present  an 
irregular  shape  with  processes  branching  outwards  from  the  sides,  and 
in  such  cases  has  been  taken  to  represent  a  nerve-cell ;  but  the 
characteristic  nucleus  of  the  latter  is  absent.  The  ultimate  destination 
of  the  processes  is  unknown.  The  axis-cylinder  presents  the  usual 
longitudinal  fibrillation  as  it  passes  through  the  core,  and  the  fibrils 
become  somewhat  spread  out  as  they  pass  into  ,the  terminal  expansion. 
In  many  cases  the  fibre,  before  terminating,  divides  into  two  branches, 
as  represented  in  figure  103,  b.  :  a  division  into  three  has  been  observed, 
but  this  is  very  rare.  In  case  of  division  of  the  fibre,  the  cavity  is 
generally,  but  not  invariably,  divided  in  a  corresponding  measure, 
and  the  inner  capsules  present  a  figure  in  keeping  with  it.  It  is 
worthy  of  remark,  that  the  nerve-fibre  in  its  course  along  the  cavity 
runs  almost  exactly  in  the  axis  of  the  channel,  and  it  maintains  this 
position  even  when  passing  through  the  abrupt  flexures  of  an  irregu- 
larly shaped  cavity.  It  sometimes  happens  that  a  fibre  passes  quite 
through  one  corpuscle  and  terminates  in  a  second,  resuming  its 
original  size  and  dark  outline  while  passing  from  the  one  to  the  other  ; 
and  it  is  said  that  a  nerve-fibre  may  go  thi'ough  two  Pacinian 
bodies  without  terminating  in  either,  returning  again  to  the  parent 
nerve  in  form  of  a  loop  (Pappenheim).  Other  varieties  occur, 
for  an  account  of  which  the  reader  is  referred  to  the  several 
authorities  already  mentioned.  A  little  artery  enters  the  Pacinian 
bodies  along  with  the  nerve,  and  soon  divides  into  capillary  branches, 
which  run  up  between  the  capsules.  They  then  form  loops,  and 
return  by  a  similar  route  into  a  vein  corresponding  to  the  artery :  a 
single  capillary  usually  accompanies  the  nerve  as  far  as   the   central 
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capsule,  and  passes  some  way  on  its  wall,  sometimes  in  a  spiral  direc- 
tion (Bowman). 

There  is  considerable  difference  of  opinion  as  to  the  condition  of  the  nerve- 
fibre  in  the  Pacinian  body.  Kolliker  thirLks  that  it  retains  its  primitive  sheath, 
and  is  not  wholly  deprived  of  its  medulla  ;  and  that  the  surrounding-  core  is  com- 
posed of  a  nearly  homogeneous  connective  tissue,  in  which  he  has  seen  faintly 
marked  nuclei  and  faint  longitudinal  striation.*  Engelmann.  on  the  other  hand, 
considers  the  core  to  be  an  expansion  of  the  medullary  sheath  of  the  nerve,  and 
ascribes  the  appearances  noticed  by  Kolliker  to  changes  occurring  in  the  originally 
homogeneous  meduUa.  as  in  the  case  of  a  white  nerve-fibre.  The  pale  fibre 
within  he  considers  to  be  simply  the  axis -cylinder.  The  core  and  pale  fil^re  of 
the  end-bulbs  he  regards  in  precisely  the  same  way.  and  thirLks  it  not  imj)robable 
that  the  touch-corpuscles  will  be  found  to  conform.  He  looks  upon  the  simple 
capsule  of  the  end-bulb  as  a  development  of  the  primitive  nerve-sheath,  to  which, 
in  the  Pacinian  bodies,  is  superadded  a  series  of  concentric  coats  of  connective 
tissue.  Engelmann,  besides  adducing  other  arguments,  refers  es^secially  to  the 
stracture  of  the  Pacinian  bodies  of  birds,  as  aftording-  material  evidence  in  suppoi-t 
of  his  view. 

To  us  the  core  of  the  Pacinian  coi-puscle  seems  most  nearly  to  correspond 
in  its  anatomical  relations  -with  the  protoplasmic  layer  which  Eanvier  has 
described  as  existing,  especially  in  young  nerves,  between  the  primitive  sheath 
and  the  medullary  sheath  of  the  nerve-fibre,  in  which  case  the  innermost 
capsule  of  the  Pacinian,  with  its  nuclei,  woidd  answer  to  the  nucleated  sheath 
of  Schwann  or  primitive  sheath  of  the  nerve.  For  in  the  first  place  there 
can  be  little  doubt  tha,t  the  capsules  are  expansions  of  the  lamellas  of  the 
neurilemma,  with  which  they  agree  essentially  in  structure.  In  the  second 
place,  we  have  never  been  able  to  observe  any  structure  resembling  a  primitive 
sheath  immediately  sui-rounding  the  nerve  as  it  passes  thi'ough  the  core.  We 
have,  however,  more  than  once  observed  a  nei^ve-fibre  pass  thi-ough  one  Pacinian 
to  end  in  another,  Tv-ithout  at  all  being  divested  of  its  medullary  sheath  as  it 
traversed  the  core  of  the  first.  In  such  cases,  as  well  as  in  others,  in  which  the 
medullary  sheath  is  retained  for  a  certain  distance  within  the  core,  it  is  easy  to 
see,  in  opposition  to  Engelmann's  \'iew,  that  the  substance  composing  the  core 
presents  a  marked  contrast  to  the  medullary  sheath.  Neither  is  it,  like  the  latter, 
deeply  coloured  by  osmic  acid  (Michelson)  or  by  chloride  of  gold,  but,  on  the 
contrary,  is  only  moderately  stained  by  these  re-agents. 

Nothing  positive  is  known  concemuig  the  special  purpose  in  the  animal 
economy  which  these  curious  appendages  of  the  nerves  are  destined  to  fulfil.  In 
an  anatomical  sense  a  Pacinian  body  might  be  viewed  as  a  more  complex  develop- 
ment of  an  end-brdb,  from  which  it  differs  chiefly  in  the  multiplied  layers  of  the 
caiDsule.  W.  Exause  endeavoms  to  show  that  the  series  of  concentric  capsules 
with  interposed  fluid  is  an  aiTangement  for  converting  the  effect  of  mechanical 
traction  into  flrdd  pressure  upon  the  neive,  so  that  tension  and  traction  of  the 
tissue  in  which  the  corpuscle  is  placed,  may  be  felt  and  appreciated  as  ordinary 
pressui-e.  Then*  presence  in  the  mesentery  of  the  cat  seems,  at  first  sight, 
against  their  importance  as  sentient  organs,  but  it  turns  out  upon  trial,  that  the 
pai-t  in  question  is  remarkably  sensitive. 

Other  special  modes  of  termination  of  sensory  nerves  as,  for  instance, 
in  the  organs  of  special  sense,  will  be  most  conveniently  considered  in 
the  description  of  the  organs  to  Avhich  they  belong. 

Termination  of  nerves  in  muscle  : — A.  In  plain  or  unstriped 
muscle. — Beale,  and,  after  him,  Klebs  and  others,  have  described  the 
nerves  proceeding  to  the  involuntary  fibres  as  linally  distributed  in 
networks  of  non-medullated  fibres,  with  nuclei  at  intervals.  The  net- 
works are  at  first  coarse,  and  from  them  proceed  finer  bundles  and 

*  See  also  Axel  Key  and  Retzius,  loc .  cit. 
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single  fibrils,  forming  closer  reticulations,  and  constituting  tlio  intra- 
muscular plexus,  "which  is  disposed  amongst  the  muscular  fasciculi  and 
fibre-cells. 

Klebs  states  that  in  a  single  instance  only  he  was  able  to  trace  an 
apparent  connection  of  a  nerve  with  a  fibre-cell.  According  to  Julius 
Arnold,  on  the  other  hand,  excessively  fine  straight  fibrils  come  off 
at  right  angles  from  the  nerves  betAveen  the  cells,  to  be  connected 
with  the  nucleoli  of  the  muscular  fibre-cells,  through  the  substance 
of  which  they  are  said  to  pass. 

B.  In  voluntary  muscle. — The  nerves  of  voluntary  muscles  terminate 
for  the  most  part  in  special  expansions,  to  which  the  term  niotorial 
end-plates  has  been  applied. 

As  mentioned  in  the  account  of  the  muscular  tissue,  the  nerves  in 
the  voluntary  muscle  form  plexuses,  of  which  the  branches  grow  finer 
and  the  meshes  closer  as  they  advance  further  into  the  tissue.  The 
individual  fibres,  while  still  associated  in  small  bundles,  undergo  divi- 
sion, and  at  length  single  dark-bordered  fibres  pass  off  to  the  muscular 
fibres.  These  nerve-fibres  on  approaching  or  reaching  a  muscular  fibre 
often  divide  still  further.  The  branches  retain  their  medullary  sheath 
until  they  reach  the  sarcolemma,  when  it  abruptly  terminates,  while  the 
primitive  sheath  becomes  continuous  with  the  sarcolemma  (fig.  105,  s). 
The  axis-cylinder  as  it  passes  into  the  fibre  forms  a  clear  flattened 
expansion  (p,  p.)  which  lies  immediately  under  the  sarcolemma,  and, 
according  to  Kiihne,  is  always  more  or  less  cleft  into  lobes  or  branches. 

Around  and  beneath  this  expansion  is  a  layer  of  granular  matter, 
with  large,  clear  nuclei  imbedded  in  it,  each  having  one  or  more  bright 


Ms.  105. 


Pig.  105. — Nerve-E.yding  m  Muscular  Fibre  of  a  Lizard.     (Lacerta  viridis.) 

a,  end-plate  seen  edgeways  ;  b,  from  the  surface,  s,  s,  Sarcolemma  ;  ^5,  p,  expansion  of 
axis-cylinder.  In  b  the  expansion  of  the  axis-cylinder  appears  as  a  clear  network  branching 
from  the  divisions  of  the  mediiUated  fibre.     Highly  magnified  (from  Kiihne). 

nucleoli.  The  sarcolemma  over  the  seat  of  the  end-plate,  and  the  plate 
itself,  are  slightly  raised  above  the  general  surface,  so  that  the  whole 
structure  has  been  designated  by  Kiihne  as  the  nerve-eminence  (Nerven- 
hiigel).    It  would  appear  that  a  muscular  fibre,  when  short,  has  but  one 
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terminal  organ,  and  receives  consequently  but  one  nerve-fibre.     As, 
moreover,  the  fibres  of  a  nerve  undergo  division,  probably  repeated 
division,  before  ending,  it  fol- 
lows that  one  fibre  in  a  nerve-  Fig-  106. 
root    or   trunk    may    supply 
several       muscular        fibres. 
Longer  muscular  fibres  have 
two  or  more  end-plates. 

The  motorial  end-plates  have 
now  been  recognised  in  mamma- 
lia, birds,  and  scaly  reptiles.  They 
"were  discovered  by  Rouget*  in 
lizards  and  wann-blooded  animals ; 
they  had  been  previously  found, 
but  in  a  modified  form,  by  Doyere 
and  others  in  various  invertebrata. 

In  amphibia  (fig.  106)  there  is 
no  time  end-plate,  but  the  branches 
resulting  from  the  di^dsion  of  the 
medullated  nerve  lose  their  medul- 
lary sheath  on  penetrating  the 
sarcolemma.  and  are  continued  as 
pale  fibres.  These  give  off  branches 
which  run  for  a  short  distance 
parallel  "ndth  the  axis  of  the  fibre 
between  the  sarcolemma  and  the 
muscular  substance,  terminating 
abruptly  by  rounded  extremities. 
These  jiale  fibres  present  here  and 
there  slight  enlargements,  con- 
nected with  which  are  granular, 
pear-shaped  nuclei  {h),  not  to  be 
confounded  with  the  proper  nuclei 
of  the  muscle  {e).  A  fine  toituous 
fibril  is  stated  by  Kiilme  to  be 
given  off  from  the  pale  fibre  to 
each  of  these  granular  nuclei,  and 
to  terminate  in  it  by  a  bulbous 
enlargement. 

The  above  account  may  be  taken 
as  the  one  most  in  accordance 
with  the  more  recent  researches 
on  the  subject,  and  as  probably, 
on  the  whole  ^  con-ect.  It  is, 
however,  only  r  ight  to  state  that 
the  existence  of  the  end-plates  has 
been  lately  called  in  question  by 
Gerlach,  who  from  the  study  of 
muscular  fibres  prepared  with 
chloride  of  gold  has  arrived  at 
the  conclusion  that  the  axis-cylin- 
der of  the  nerve  after  passing 
through    the    sarcolemma   forms   a   close  network    of    minute   varicose   fibrils 


Fig.   106. — Nerve-Ending  in  MrsciE  of  Frog 
(Kiihne). 

a,  one  of  the  branches  of  the  medullated  fibres 
passing  within  tlie  sarcolemma  ;  b,  i,  gi-anular 
pear-shajjed  nuclei :  c,  c,  nuclei  of  primitive 
sheath  ;  e,  muscle  nuclei. 


*  Comptes  Rendus,  Iv.,  1862.  See  also  Krause,  Gottinger  Nachrichten  xmd  Zeitsch. 
f.  rat.  Med.  (various  papers)  :  Engelmann,  Unters.  ueber  d.  Zusammenh.,  &c.,  1863  : 
Kuhne,  Virch.  Arch,  (various  papers),  and  article  in  Strieker's  Handbook  of  Histology, 
■where  also  a  complete  account  of  the  history  and  literature  of  the  subject  will  be  found. 
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throughout  the  mtiscular  substance,  with  which  they  are  closely  incorporated 
(Sitz.  der  Phj's.  Med.  Soc.  z.  Eiiangen,  187;J).  Another  observer,  Amdt,  who 
admits  the  existence  of  the  end-plate,  describes  in  addition  a  complex  system  of 
communicating  fibres  which  extend  throughout  the  muscular  substance,  and  by 
means  of  which  the  plate  is  brought  into  connection  witli  the  muscle  corpuscles 
and  nuclei  (Schultze's  Archiv  f.  micr.  Anatomie,  ix.). 

Bifferences  of  cerebro-spinal  nerves. — It  remains  to  notice  the 
differences  which  have  been  observed  among  the  cerebro-spinal  nerves 
in  regard  to  the  size  of  their  fibres,  and  the  proportionate  amount  of 
the  different  kinds  of  fibres  which  they  respectively  contain. 

As  already  stated,  both  white  and  grey  fibres  exist  in  cerebro-spinal  nerves,  and 
those  of  the  former  kind  differ  greatly  from  each  other  in  size.  Volkmann  and 
Bidder,  who  have  bestowed  much  pains  in  endeavouring  to  amve  at  an  approxi- 
mate estimate  of  the  relative  amount  of  the  large  and  the  small  fibres  in  different 
nerves,  give  the  following  as  the  more  important  results  of  their  researches. 

1.  The  nerves  of  voluntary  muscles  have  very  few  small  fibres,  usually  in  not 
larger  proportion  than  about  one  to  ten. 

2.  In  the  nerves  of  involuntary  muscles,  whether  derived  immediately  from 
the  cerebro-spinal  system  or  from  the  sympathetic,  the  small  fibres  eminently 
preponderate,  being  about  a  hundred  to  one. 

3.  The  nerves  going  to  the  integuments  have  always  many  small  fibres,  at  least 
as  many  small  as  large. 

i.  Nerves  of  sentient  parts  of  mucous  membranes  have  from  five  to  twenty 
times  more  small  fibres  than  large  :  in  mucous  membranes  possessing  little  sensi- 
hility,  the  neiwes  are  made  up  chiefly  of  small  fibres.  The  nerves  which  enter 
the  cavities  of  the  teeth  consist  principally  of  large  fibres. 

It  is  plain,  however,  that  Volkmann  and  Bidder  must  have  reckoned  in  with 
their  small  fibres  more  or  fewer  of  the  non-medullated  sort,  so  that  the  propor- 
tion assigned  to  the  small  fibres  in  their  estimate  must  be  taken  as  including 
some  grey,  as  well  as  white  fibres  ;  and  this  agrees  with  the  observation  pre- 
viously made  by  Remak,  that  many  more  grey  fibres  are  contained  in  the  cuta- 
neous than  in  the  muscular  nerves.  The  roots  of  the  spinal  nerves  contain  fine 
fibres,  but  according  to  Remak  only  in  very  small  jDroportion  :  Volkmann  and 
Bidder  state  that  in  man  the  anterior  roots  contain  proportionally  more  large 
fibres  than  the  posterior.  In  ahnost  all  nerves,  the  fibres  diminish  in  size  as  they 
approach  their  tennination. 

The  peculi^irities  of  some  of  the  cranial  nerves,  such  as  the  olfactory 
and  auditory,  have  been  already  alluded  to  and  need  not  be  further 
considered  here. 

OF     THE     SYMPATHETIC     OR    GANGLIONIC     NERVES. 

This  name  is  commonly  applied  to  a  nerve  or  system  of  nerves 
present  on  both  sides  of  the  body,  and  consisting  of  the  following 
parts,  viz.: — 1.  A  series  of  ganglia,  placed  along  the  spinal  column  by 
the  side  of  the  vertebrae,  connected  with  each  other  by  an  intermediate 
nerve-cord,  and  extending  upwards  to  the  base  of  the  skull  and  down- 
wards as  far  as  the  coccyx.  This  principal  chain  of  gangha,  with  the 
cord  connecting  them,  forms  what  is  often  named  the  trunk  of  the 
sympathetic.  2.  Communicating  branches,  which  connect  these  ganglia 
or  the  intermediate  cord  with  all  the  spinal  and  several  of  the  cranial 
nerves.  3.  Primary  branches  passing  off"  fi-om  the  ganglionic  chain  or 
trunk  of  the  nerve,  and  either  bestowing  themselves  at  once,  and  gene- 
rally in  form  of  plexuses,  on  the  neighbouring  blood-vessels,  glands, 
and  other  organs,  or,  as  is  the  case  with  the  greater  number,  proceeding 
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in  the  first  instance  to  other  ganglia  of  greater  or  less  size  (sometimes 
named  prce-vertebral)  situated  in  the  thorax,  abdomen,  and  pelvis,  and 
usually  collected  into  groups  or  coalescing  into  larger  ganglionic  masses 
near  the  roots  of  the  great  arteries  of  the  viscera.  4.  Numerous  plex- 
uses of  nerves,  sent  off  from  these  visceral  or  pras- vertebral  ganglia  to 
the  viscera,  usually  creeping  along  the  branches  of  arteries,  and  con- 
taining in  various  parts  little  ganglia  disseminated  among  them.  Some 
of  these  plexuses  also  receive  contributions  from  spinal  or  cerebral 
nerves,  by  means  of  branches  which  immediately  proceed  to  them  without 
previously  joining  the  main  series  of  ganglia. 

Structure  of  the  sympathetic  nerve-trunks.  —  The  nervous 
cords  of  the  sympathetic  consist  of  white  fibres,  and  of  pale  or  grey 
fibres,  mixed  with  a  greater  or  less  amount  of  filamentous  connective 
tissue,  and  inclosed  in  a  common  external  fibro-areolar  sheath.  The 
white  fibres  differ  greatly  from  each  other  in  thickness.  A  few  are  of 
large  size,  ranging  from  -.oVo  to  -rio-o  of  ^-n  inch  :  but  most  of  them 
are  much  smaller,  measuring  from  about  j.^\o  to  45V0  of  an  inch  in 
diameter,  and,  though  having  a  well-defined  sharp  outline,  for  the 
most  part  fail  to  present  the  distinct  double  contour  seen  in  the  larger 
and  more  typical  examples  of  the  medullated  fibre.  The  pale,  non- 
medullated  fibres,  have  the  characters  of  Eemak's  grey  fibres,  already 
described,  and  often  look  as  if  made  up  of  exquisitely  fine  fibrils ; 
there  are  also  pale  fibres  of  much  less  thickness,  Avhich,  at  short  dis- 
tances, are  interrupted  by,  or  might  be  said  to  swell  out  into,  fusi- 
form nuclei.  The  fibres  are  in  the  large  trunks  collected  into  bundles  or 
funiculi,  the  proper  sheath  of  which,  or  7ieurile?nnia,  agrees  in  structure 
with  that  met  with  in  the  cerebro-spinal  nerves  {vide  antea,  p.  140). 

The  more  grey-looking  branches  or  bundles  of  the  sym^Dathetic 
consist  of  a  large  number  of  the  pale  fibres  mixed  with  a  few  of  the 
medullated  kind  ;  the  whiter  cords,  on  the  other  hand,  contain  a  pro- 
portionally large  amount  of  medullated  fibres,  and  fewer  of  the  grey  ; 
and  in  some  parts  of  the  nerve  grey  fasciculi  and  white  fasciculi,  re- 
spectively constituted  as  above  described,  run  alongside  of  each  other  in 
the  same  cords  for  a  considerable  space  without  mixing.  This  arrange- 
ment may  be  seen  in  some  of  the  branches  of  communication  with  the 
spinal  nerves,  in  the  trunk  or  cord  which  connects  together  the  principal 
chain  of  ganglia,  and  in  the  primary  branches  proceeding  from  thence 
to  the  viscera.  In  the  last-mentioned  case  the  different  fasciculi  get 
more  mixed  as  they  advance,  but  generally  it  is  only  after  the  white 
fasciculi  have  passed  through  one  or  more  ganglia  that  they  become 
thoroughly  blended  with  the  grey ;  and  then,  too,  the  nervous  cords 
receive  a  large  accession  of  grey  fibres  (apparently  derived  n'om  the 
ganglia),  which  are  mixed  up  with  the  rest,  and  take  off"  more  and  more 
from  their  whiteness. 

Eelation  of  the  sympathetic  to  the  cerebro-spinal  nerves.— On  this  impor- 
tant question  two  very  different  opinions  have  long  existed,  in  one  modiiication  or 
another,  amongst  anatomists.  1.  According  to  one,  which  is  of  old  date,  but 
which  has  been  revived  and  ably  advocated  by  Valentin,  the  sympathetic  set  of 
nerves  is  a  mere  deijendency,  offset,  or  embranchment  of  the  cerebro-spinal  system 
of  nerves,  containing  no  iibres  but  such  as  centre  in  the  brain  and  cord,  although 
it  is  held  that  these  iibres  are  modified  in  their  motor  and  sensory  properties  in 
passing  through  the  ganglia  in  their  way  to  and  from  the  viscera  and  involun- 
tary organs.     2.  According  to  the  other  view,  the  sympathetic  nerv^e  (commonly 
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so  called)  not  only  contains  fibres  derived  from  the  brain  and  cora,  but  also  pro- 
per or  intrinsic  fibres  which  take  their  rise  in  the  ganglia  ;  and  in  its  com- 
mmiications  with  the  spinal  and  cranial  nerves,  not  only  receives  from  these 
nerves  cerebro-spiaal  fibres,  but  imparts  to  them  a  sh?a-e  of  its  own  prosier  gan- 
glionic fibres,  to  be  incorporated  in  their  branches  and  distributed  perii^herally 
with  them.  Therefore,  according  to  this  latter  view,  the  sympathetic  nerve, 
commonly  so  called,  though  not  a  mere  offset  of  the  cerebro-spinal  nerves,  yet, 
receiving  as  it  does  a  share  of  their  fibres,  is  not  wholly  independent,  and  for  a 
like  reason  the  cerebro-spinal  nerves  (as  commonly  understood)  cannot  be  con- 
sidered as  constituted  independently  of  the  sympathetic  ;  in  short,  both  the 
cerebro-spinal  and  the  sympathetic  are  mixed  nerves,  that  is,  the  branches  of 
each  system  consist  of  two  sets  of  fibres  of  different  and  independent  origin,  one 
connected  centrally  with  the  brain  and  cord,  the  other  with  the  ganglia.  Hence, 
if  Ave  look  to  the  central  connection  of  their  fibres  as  the  essential  ground  of  dis- 
tinction among  nerves,  the  cerebro-spinal  system  of  nerves  might,  strictly  speak- 
ing, be  considered  as  consisting  of  and  comprehending  all  the  fibres  ha^ang  their 
centre  in  the  cerebro-spinal  axis,  whether  these  fibres  run  in  the  nerves  usually 
denominated  cerebral  and  spinal,  or  are  distributed  to  the  viscera  in  the  branches 
of  the  nerve  usually  named  the  sympathetic  ;  and,  on  the  same  ground,  the  sym- 
pathetic or  ganglionic  system,  strictly  and  properly  so  called,  would  consist  of 
and  comprehend  all  the  filDres  connected  centrally  with  the  ganglia,  wherever 
such  fibres  exist  and  into  whatever  combinations  they  enter,  whether  proceeding 
to  the  viscera  or  distributed  peripherally  with  the  nerves  of  the  body  generally  ; 
the  nerve-fibres  which  emanate  from  the  ganglia  on  the  roots  of  the  spinal  and 
cerebral  nerves  being  reckoned  into  the  system,  as  well  as  those  from  ganglia, 
usually  denominated  sympathetic.  While  ready,  however,  to  acquiesce  in  the 
justice  of  the  above  distinction,  we  do  not  mean  to  employ  the  terms  already  in 
use  in  a  sense  different  from  that  which  is  currently  received. 

In  endeavouring  to  decide  between  the  two  views  above  stated,  it  may  be  first 
observed  that  the  existence  in  the  sympathetic  nerve  of  fibres  connected  centrally 
with  the  cerebro-spinal  axis,  is  proved  not  only  by  tracing  bundles  of  fibres  from 
the  roots  of  the  spinal  nerves  along  the  communicating  branches  and  into  the 
sympathetic,  but  by  the  pain  or  uneasy  sensations  which  arise  from  disease  or 
disturbance  of  organs,  such  as  the  intestines,  supplied  exclusively,  or  almost 
exclusively,  by  what  are  considered  branches  of  the  sympathetic  ;  by  experiments 
on  living  or  recently  killed  animals,  in  which  artificial  irritation  of  the  roots  of 
the  spinal  nerves,  or  of  various  parts  of  the  cerebro-spinal  centre,  caused  move- 
ments of  the  viscera  ;  and  by  experiments  on  the  symijathetic  nerve  in  the  neck, 
by  which  it  is  shoAAai  that  the  dilatation  of  the  pupil  and  the  tonicity  of  the 
cutaneous  vessels  of  the  head  are  dependent  on  fibres  which  pass  along  the 
sympathetic  nerve  but  are  centrally  connected  with  the  upper  part  of  the  spinal 
cord  and  medulla  oblongata. 

These  facts,  it  is  evident,  accord  with  both  of  the  above-mentioned  opinions 
respecting  the  constitution  of  the  sympathetic  ;  but  it  may  be  further  shown 
that  this  nerve  contains  fibres  which  arise  from  the  ganglia  and  take  a  peripheral 
course,  so  that  the  second  of  the  two  opinions  approaches  nearer  to  the  truth. 
In  support  of  this  assertion  we  may  adduce  the  actual  observation  of  nerve-fibres 
proceeding  from  the  nerve-cells  of  the  ganglia  in  a  peripheral  direction  only ; 
and  there  are  also  other  grounds  for  believing  that  more  fibres  pass  out  of  the 
sympathetic  ganglia  than  can  possibly  be  derived  from  the  brain  and  cord.  This 
seems  to  follow  from  a  comparison  of  the  aggregate  size  of  the  distributional 
branches  issuing  from  these  ganglia  with  that  of  all  the  branches  which  can  be 
supposed  to  enter  them. 

The  branches  of  communication  which  pass  between  the  ganglia  or  gangliated 
cord  of  the  sympathetic  and  spinal  nerves,  are  connected  with  the  anterior  and 
greater  branch  of  each  of  the  latter  nerves,  a  little  in  advance  of  the  spinal 
ganglion  ;  and  at  the  point  of  connection  the  communicating  branch  ui  most 
cases  divides  into  two  portions,  one  central,  running  towards  the  roots  of  the 
spinal  nerve  and  the  spinal  cord,  the  other,  peripheral,  taking  an  outward  course 
along  with  the  anterior  branch  of  the  spinal  nerve  "wdth  which  it  becomes  incor- 
porated and  distributed.     It  can   scarcely  be   doubted  that  the  central  portion, 
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whilst  it  may  contain  fibres  sent  by  the  sympathetic  to  the  spinal  nerves  or  to  the 
spinal  cord,  must  necessarily  contain  all  those  which  proceed  from  the  cord  to  the 
sympathetic,  and  that,  on  the  other  hand,  the  peripheral  division  must  contain 
the  fibres  immediately  proceeding  from  the  sjinpathetic  and  distributed  peri- 
pherally with  the  spinal  nerve. 

It  seems  on  the  whole  reasonable  to  conclude  that  nerve-fibres  take 
their  rise  in  the  ganglia  both  of  the  cerebro-spinal  and  sympathetic 
nerves,  and  are  in  both  kinds  of  nerves  mixed  with  fibres  of  cerebral 
or  spinal  origin ;  that  the  ganglia  are  nervous  centres  which  may  pro- 
bably receive  through  afferent  fibres  impressions  of  which  we  are  uncon- 
scious and  reflect  these  impressional  stimuli  upon  efferent  or  motor 
fibres :  that  perhaps,  even,  certain  motorial  stimuli  emanate  from  them ; 
the  movements  excited  by  or  through  the  ganglia  being  always  invo- 
luntary, and  affecting  chiefly  the  muscular  parts  of  the  viscera,  the 
sanguiferous,  and  perhaps  the  absorbent  vessels ;  and  that,  in  fine,  the 
chief  purpose  served  in  the  animal  economy  by  the  ganglia  and  the  gan- 
glionic nerve  fibres,  whether  existing  in  acknowledged  branches  of  the 
sympathetic,  or  contained  in  other  nerves,  is  to  govern  the  involuntary, 
and,  for  the  most  part,imperceptible  movements  of  the  vascular  system, 
as  well  as  the  secretory  and  nutritive  processes,  in  so  far  at  least  as 
these  are  not  dependent  on  the  brain  and  spinal  cord. 

CHEMICAL    COMPOSITION. 

The  information  we  possess  respecting  the  chemical  composition  of 
nervous  matter  is  for  the  most  part  founded  on  analyses  of  portions  of 
the  brain  and  spinal  cord ;  but  the  substance  contained  in  the  nerves, 
which  is  continuous  with  that  of  the  brain  and  cord,  and  similar  in 
physical  characters,  appears  also,  as  far  as  it  has  been  examined,  to  be 
of  the  same  general  chemical  constitution.  No  very  careful  comparative 
analysis  has  yet  been  made  of  the  grey  and  white  matter,  to  say  nothing 
of  the  different  structural  elements  of  the  nervous  substance;  and 
indeed  it  must  be  remembered,  that,  in  portions  of  brain  subjected  to 
chemical  examination,  capillary  blood-vessels,  connective  and  perhaps 
other  accessory  tissues,  as  well  as  interstitial  fluid,  are  mixed  up  in 
greater  or  less  quantity  with  the  true  nervous  matter,  and  must  so  far 
affect  the  result. 

Like  most  of  the  other  tissues  of  the  body  the  nervous  substance 
contains  a  large  proportion  of  water  (from  three-fourths  to  four-fifths 
of  its  weight).  Of  the  residue  which  remains  after  the  removal  of  this 
by  evaporation  or  other  means  the  larger  part  consists  of  a  phosphur- 
reted  fat,  which  may  be  obtained  crystallized,  and  in  this  condition  was 
termed  by  0.  Liebreich  iwoiagon.  The  crystalline  substance,  however, 
is  in  reality  a  mixture  of  two  other  substances — lecifkin  and  neurin 
(Hoppe-Seyler)— and  doubtless  includes  the  fatty  acids  which  were 
enumerated  by  Fremy  and  others  :  it  appears  mainly  to  compose  the 
medullary  sheath  of  the  nerves. 

Iiecithin  was  first  obtained  from  yelk  of  Qgg  (by  Gobley).  It  con- 
tains nearly  4  per  cent,  of  phosphorus,  and  has  a  very  complex  constitu- 
tion. 

SJetirin,  sometimes  termed  cholin,  is  found  also  in  the  bile.  It 
possesses  basic  properties,  and  is,  moreover,  said  to  be  one  of  the  pro- 
ducts of  decomposition  of  lecithin. 

A  substance  named  Cerebriu  is  also  described  as  being  frequently 
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met  with  in  conjunction  with  lecithin.  Other  substances  which  are 
found  in  analyses  of  the  nervous  tissues  are : — 

Cliolesterin  (C„(3  H4^_jO)  which  was  long  considered  to  be  a  fatty 
body,  but  is  probably  more  allied  to  the  alcohols.  It  crystallizes  in  pearly 
scales  which  are  tinged  blue  by  treatment  with  sulphuric  acid  and  iodine. 

Extractive  matters. — These  probably  belong  chiefly  to  the  inter- 
stitial fluid  ;  but,  however  this  may  be,  they  may  be  held  to  represent 
the  products  of  decomposition  of  the  nervous  substance.  The  following 
have  been  recognised  : — 

1.  Lactic,  fornuG,  acetic,  and  (traces  of)  vric  acid. 

2.  Inosit. 

3.  Kreatin. 

4.  ILjpoxantMn. 

5.  Leaciih  (in  the  ox). 

Certain  albuminoid  substances  are  also  obtained  from  nervous  tissue  :  they  are 
probably  in  great  part  derived  from  the  nerve-cells  and  axial  fibres. 

With  regard  to  the  reaction  of  nerve,  the  same  law  is  said  to  prevail  as  in 
muscle — namely,  that  the  substance  of  nerves  in  the  living  but  quiescent  state  is 
neutral,  but  becomes  acid  after  death  or  i^rolonged  excitement  (Eunke).  The 
saline  or  inorganic  matters  found  by  incineration  are — phosplioric  acid,  pJios- 
■jjliates  of  allialics,  which,  as  in  muscle,  largely  predominate  over  other  salts, ^joto.s-A, 
as  a  base,  largely  exceeding  soda;  earthy  phospliates,  in  smaller  proportion, 
onafinesia  prevailing  over  lime  ;  pJiosphate  of  iron  ;  cMoride  of  sodium  ;  suljihate  of 
jjotash  ;  and  a  trace  of  silica. 

The  white  substance  contains  nearly  75  jjer  cent,  of  water  ;  the  grey  about  85  ; 
the  proportion  of  v.^ater  is  less  in  the  spinal  cord,  and  still  less  in  the  nerves. 
The  fatty  matters  amount  in  the  grey  substance  to  nearly  5  and  in  t^Q  white  to 
nearly  15  per  cent.  ;  in  the  nerves  the  proportion  fluctuates  largely.  It  is  worthy 
of  note  that  the  brain,  during  embryonic  and  infantile  life,  contains  much  less  fatty 
matter  and  more  water  ;  moreover,  the  grey  and  the  white  matter  do  not  present 
the  same  differences  as  in  after  life  in  the  jDroportions  of  water  and  fatty  sub- 
stance which  they  respectively  contain.  The  brain  of  embryos  of  from  ten  to 
twenty -two  weeks  has  been  foimd  to  yield  only  from  0'99  to  1'5  per  cent,  of  fatty 
substance  ;  that  of  the  full-grown  foetus  from  3  to  4  per  cent. 

VITAL    PROPSKTIES. 

The  fibres  of  nerves  are  endowed  with  the  property  of  transmitting 
impressions,  or,  rather  impulses,  the  effect  of  impressions,  from  the  point 
stimulated  towards  their  central  or  their  peripheral  extremities.  Certain 
fibres  are  employed  to  conduct  towards  the  nervous  centres  and  are  named 
"  afferent,"  others  to  conduct  towards  their  distal  extremities,  which  are 
distributed  in  moving  parts,  and  these  fibres  are  named  "  efferent." 

The  greater  number  of  nerves  possess  both  afferent  and  efferent 
fibres,  and  are  nam^ed  compound  or  moto-sensor}^,  inasmuch  as  they 
minister  both  to  sensation  and  motion.  In  such  compound  nerves  the 
two  kinds  of  fibres  are  mixed  together  and  bound  up  in  tlie  same 
sheaths  ;  but  in  the  most  numerous  and  best-known  examples  of  this 
class,  the  afferent  and  efferent  fibres,  though  mixed  in  the  trunk  and 
branches  of  the  nerves,  are  separated  at  their  roots.  This  is  the  case 
in  the  spinal  nerves  :  these  have  two  roots,  an  anterior  and  posterior, 
both  for  the  most  part  consisting  of  many  funiculi,  and  the  posterior 
passing  through  a  ganglion  with  which  the  fibres  of  the  anterior  root 
have  no  connection.  Now  it  has  been  ascertained  by  appropriate  expe- 
riments on  animals,  that  the  anterior  root  is  efferent  and  contains  the 
motor  fibres,  and  that  the  posterior  is  afferent  and  contains  the  sensory 
fibres.     The  fifth  pair  of  cranial  nerves  has  a  sensory  root  famished 
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•with,  a  ganglion,  and  a  motor  root,  like  the  spinal  nerves.  The  glosso- 
pharyngeal and  pnenmo-gastric  nerves  are  also  decidedly  compound  in 
nature  ;  they  are  also  provided  with  ganglia  at  their  roots,  which  in- 
volve a  greater  or  less  number  of  their  fasciculi ;  but  it  has  not  yet 
been  satisfactorily  determined  whether  in  these  nerves  the  fibres  which 
have  different  properties  are  collected  at  the  roots  into  separate  bundles, 
nor  how  they  are  respectively  related  to  the  ganglia.  The  sympathetic, 
as  already  stated,  contains  both  afferent  and  efferent  fibres. 

Simple  nerves  are  such  as  contain  either  afferent  or  efferent  fibres 
only.  The  olfactory,  auditory,  and  optic  are  simple  afferent  and  sen- 
sory nerves.  The  third,  fourth,  and  sixth,  the  facial,  the  spinal  accessory 
and  hypoglossal  nerves  are  generally  regarded  as  examples  of  sunple 
motor  nerves  ;  there  is  reason  to  believe,  at  least,  that  they  are  simple 
and  motor  in  their  origin,  or  as  far  as  their  proper  fibres  are  concerned, 
and  that  the  sensibility  evinced  by  some  of  them  in  their  branches  is 
owing  to  sensory  fibres  derived  from  other  nerves  which  join  them  in 
their  progress. 

The  nerves  governing  the  motions  of  the  blood-vessels  are  commonly 
spoken  of  as  the  "  vaso-motorial  nerves ; "  but  although  this  term  is 
often  of  convenient  application,  there  seems  no  sufficient  reason  for 
reckoning  these  nerves  as  a  distinct  system,  any  more  than  motorial 
nerves  distributed  to  other  parts  or  organs  whose  motions  are  inde- 
pendent of  the  will. 

DEVELOPMENT    OP    NEEVES. 

The  knowledge  as  yet  acquired  respecting  this  process  is  not  very 
positive  or  consistent,  so  that  much  room  is  left  for  speculation  and 
conjecture.  The  nerve-ceUs  are  doubtless  derived  from  the  common 
embyro-cells,  which,  undergoing  modification  in  their  substance,  send 
out  branches  from  their  circumference  and  acquire  the  character  of 
nerve-cells.  According  to  the  most  generally  current  descriptions,  the 
fibres  are  stated  to  be  formed  by  the  linear  coalescence  of  long  fusiform 
cells,  and  to  be  at  first  pale  and  grey,  but  afterwards  to  acquire  a  medul- 
lary sheath  and  become  white.  This  change  of  aspect  is  apparent  in 
the  human  embryo  of  the  fourth  or  fifth  month.  According  to  Kolliker's 
account  of  the  growth  of  nerve-fibres  at  their  peripheral  ends,  as  observed 
in  the  tail  of  batrachian  larvae,  the  existing  fibres  are  prolonged  by  lines 
of  fusiform  cells  which  coalesce  into  pale  fibres.  These  send  out  fine 
offshoots,  which  may  join  with  neighbouring  fibres,  or  with  branched 
or  stellate  cells,  which  change  into  branched  fibres,  and  in  both  of  these 
ways  the  branching  and  conjunction  of  the  nerves  go  on.  The  first 
fibres  thus  generated  (embryonal  fibres,  KoU.)  virtually  represent 
bundles  of  two,  three,  or  more  tubular  dark-bordered  fibres,  into  which 
they  are  speedily  converted  ;  the  formation  of  the  medullary  sheath 
proceeding  outwards  along  the  branches. 

The  fact  pointed  out  by  Eanvier  that  the  medullary  sheath  of  the 
nerves  is  divided  at  regular  intervals  into  a  series  of  segments,  each  of 
which  possesses  a  nucleus,  and  may  therefore  be  looked  upon  as  repre- 
senting a  cell,  the  primitive  sheath  being  analogous  to  the  cell  mem- 
brane, would  seem  to  render  it  probable  that  these  segments  are  actually 
formed  from  cells,  which  come  to  be  applied  around  previously -formed 
axial  fibres,  and  become  filled  with  the  fatty  matter  of  the  medullary 
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sheath  in  the  same  way  as  the  connective  tissue-cells  become  filled  with 
fat  in  the  development  of  the  adipose  tissue.  At  all  events,  in  young 
nerves  the  segments  are  shorter,  and  there  is  a  layer  of  homogeneous  or 
finely  granular  protoplasmic  substance  outside  the  medullary  sheath, 
between  it  and  the  primitive  sheath  :  as  the  nerves  increase  in  size  this 
layer,  being  more  and  more  encroached  upon  by  fatty  substance,  eventu- 
ally almost  or  entirely  disappears,  except  in  the  immediate  neighbour- 
hood of  the  nuclei.  In  the  brain  and  sjDinal  cord  at  an  early  period 
flattened  cells  are  found  surrounding  the  medullated  fibres  (Ranvier)  ; 
subsequently  they  disappear  or  become  incorporated  with  the  inter- 
stitial tissue  of  those  organs,  Avithout  having  produced  either  a  primitive 
sheath  or  constrictions  on  the  fibres. 

The  fact  that  the  nerve  segments  of  the  peripheral  nerves  are  consi- 
derably shorter  in  the  young  animal  points  to  the  existence  of  an  inter- 
stitial as  well  as  a  terminal  growth  of  nerve-fibres. 

Another  mode  of  formation  of  nerves  has  been  described  by  Beale 
and  subsequently  by  Hensen,  who  state  that  a  fibre  may  be  produced 
by  the  lengthening  out  of  a  connecting  process  between  two  cells, 
the  one  of  which  remains  in  the  central  organ  as  a  nerve-cell,  whilst 
the  other  becomes  a  peripheral  terminal  organ.  For  the  details  of 
the  description  and  for  other  observations  on  the  development  of  the 
nerves,  the  reader  is  referred  to  the  original  memoir.* 

Ee-union  and  regeneration  of  nerves. — The  divided  ends  of  a  nerve  tliat  lias 
been  cut  across  readily  reunite,  and  in  process  of  time  true  nerve-fibres  are 
formed  in  the  cicatrix,  and  restore  the  contiauity  of  the  nervous  structure.  The 
conducting  property  of  the  nerve,  as  regards  both  motion  and  sensation,  is  even- 
tually re-established  through  the  reunited  part.  But,  immediately  after  the  sec- 
tion, a  process  of  degeneration  begins  in  the  peripheral  or  severed  portion  of  the 
nerve.  The  nuclei  become  multiplied,  and  the  protoplasm  about  them  largely 
increased  in  amount,  the  segments  takiug  on  to  some  extent  their  embryonic 
■condition.  At  the  same  time  the  medulla  of  the  white  fibres  degenerates  tato  a 
granular  mass  consisting  of  fatty  molecules,  and  is  then  totally  removed,  and 
eventually  the  axial  fibre  also  disappears. 

The  degeneration  above  referred  to  does  not  affect,  at  least  to  any  great  extent, 
the  part  of  the  nerve  remaiaiug  in  connection  with  the  nervous  centre,  which 
seems  to  exert  an  influence  in  maintainiag  the  nutrition  of  the  nerve.f  The 
ganglia,  9,s  well  as  the  braia  and  spinal  cord,  were  shown  by  Waller  to  be 
centres  of  this  influence.  He  found  that,  ta  the  central  and  undegenerated  portion 
of  a  divided  spinal  nerve,  while  the  fibres  belonging  to  the  anterior  root  owe 
their  integrity  to  their  connection  with  the  spiaal  cord,  those  of  the  posterior 
root  are  similarly  dependent  on  the  ganglion  ;  and  that,  if  the  iDosterior  root  be 
cut  between  the  ganglion  and  the  spinal  cord,  not  only  will  the  fibres  which  belong 
to  it  in  the  trunk  of  the  nerve  beyond  the  ganglion  remain  unchanged,  but  also 
those  above  the  ganglion,  in  the  portion  of  the  root  left  in  connection  with  it ; 
whereas  the  segTuent  of  the  same  root  which  remains  connected  with  the  cord 
but  severed  from  the  ganglion  degenerates.  Section  of  the  sympathetic  nerve  in 
the  neck  is  followed  by  degeneration  of  the  cephalic  segment  as  high  as  the 
superior  cervical  ganglion,  but  no  farther. 

In  regeneration  the  new  fibres  grow  afresh  from  the  axial  fibres  of  the  centi-al 
end  of  the  divided  nerve-trunk  (often  more  than  one  from  each)  ;  and,  pene- 
trating into  the  peripheral  end  of  the  trunk,  grow  along  this  as  the  axis-cylinders 
of  the  new  nerves,  becoming  after  a  time  surrounded  with  medullary  substance. 

Beale,  Phil.  Trans.,  1863. 
+  In  the  neighbourhood  of  the  divided  central  end,  the  nuclei  of  the  primitive  sheath 
multiply,    and    the  white  substance    appears  to   break  up   into  fat  droplets,   but   the 
axis-cylinder  remains  unaltered.    (Ranvier,  Compt.  Rend.  Ixxv.  p.  1831.) 
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The  blood,  from  which  the  solid  textures  iinmediatelj  derive  material 
for  their  nourishment,  is  conveyed  through  the  body  by  branched  tubes 
named  blood-vessels.  It  is  driven  along  these  channels  by  the  action 
of  the  heart,  which  is  a  hollow  muscular  organ  placed  in  the  centre  of 
the  sanguiferous  system.  One  set  of  vessels,  named  arteries,  conduct 
tlie  blood  out  from  the  heart  and  distribute  it  to  the  different  regions 
of  the  body,  whilst  other  vessels  named  veins  bring  it  back  to  the  heart 
again.  From  the  extreme  branches  of  the  arteries  the  blood  gets  into 
the  commencing  branches  of  the  veins  or  revehent  vessels,  by  passing 
through  a  set  of  very  fine  tubes  which  connect  the  two,  and  which, 
though  not  abruptly  or  very  definitely  marked  off  from  either,  are 
generally  spoken  of  as  an  intermediate  set  of  vessels,  and  by  reason  of 
their  smallness  are  called  the  cajjillary  {i.e.,  hair-like)  vessels,  or,  simply, 
the  capillaries. 

The  conical  hollow  muscular  heart  is  divided  internally  into  four 
cavities,  two  placed  at  its  base,  and  named  auricles,  and  two  occupying 
the  body  and  apex,  named  ventricles.  The  auricles  are  destined  to  re- 
ceive the  returning  blood  from  the  great  veins,  which  accordingly  open 
into  them,  and  to  pass  it  on  into  the  ventricles  ;  whilst  it  is  the  office 
of  the  latter  to  propel  the  blood  through  the  body.  The  ventricles 
have  therefore  much  thicker  and  stronger  sides  than  the  auricles,  and 
the  great  arterial  trunks  lead  off  from  them.  Each  auricle  opens  into 
the  ventricle  of  the  same  side,  but  the  right  auricle  and  ventricle  are 
entirely  shut  off  fi-om  those  of  the  left  side  by  an  impervious  partition 
placed  lengthwise  in  the  heart. 

The  blood  is  sent  ou.t  by  the  left  ventricle  into  the  main  artery  of  the 
body,  named  the  aorta,  and  passes  through  the  numerous  subordinate 
arteries,  which  are  branches  of  that  great  trunk,  to  the  different  parts 
of  the  system ;  then,  traversing  the  capillaries,  it  enters  the  veins,  and 
is  returned  by  two  great  venous  trunks,  named  the  superior  and  inferior 
venee  cava,  to  the  right  auricle.  In  passing  from  the  arteries  to  the 
veins  the  blood  changes  in  colour  from  red  to  dark,  and  is  otherwise 
altered  in  quality  ;  in  this  condition  it  is  unfit  to  be  again  immediately 
circulated  through  the  body.  On  returning,  therefore,  to  the  right  side 
of  the  heart,  the  blood,  now  dark  and  venous,  must  re-acquire  the  florid 
hue  and  other  though  less  obvious  qualities  of  arterial  blood  before  it  is 
permitted  to  resume  its  course.  For  this  purpose,  being  discharged  by 
the  right  auricle  into  the  right  ventricle,  it  is  driven,  by  the  contraction 
of  that  ventricle,  along  the  pulmonary  artery  and  its  branches  to  the 
lungs,  where,  passing  through  the  capillary  vessels  of  these  organs,  it 
is  exposed  to  the  influence  of  the  air,  and  undergoes  the  requisite 
change  ;  and,  having  now  become  florid  again,  it  enters  the  commenc- 
ing branches  of  the  pulmonary  veins,  which,  ending  by  four  trunks  in 
the  left  auricle,  convey  it  into  that  cavity,  whence  it  is  immediately  dis- 
charged into  the  left  ventricle  to  be  sent  again  along  the  aorta  and 
through  the  system  as  before. 

The  blood  may  thus  be  considered  as  setting  out  from  any  given 
point  of  the  sanguiferous  system  and  returning  to  the  same  place  again 
after  performing  a  circuit,  and  this  motion  is  what  is  properly  termed 
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the  cirmdation  of  the  blood.  Its  course  from  the  left  ventricle  along  the 
aorta,  throughout  the  body,  and  back  by  the  Yena3  cav^  to  the  right 
ventricle,  is  named  the  greater  or  systemic  circulation,  and  its  passage 
through  the  lungs  by  the  pulmonary  artery  and  pulmonary  veins  from 
the  right  to  the  left  side  of  the  heart,  is  termed  the  lesser  or  j)idmonary 
circidation ;  but  the  blood  must  go  through  both  the  greater  and  the 
lesser  circulation  in  order  to  perform  a  complete  circuit,  or  to  return 
to  the  point  from  which  it  started.  As  the  vessels  employed  in  the 
circulation  through  the  lungs  have  been  named  pulmonary,  so  the  aorta 
which  conveys  the  blood  to  the  system  at  large  is  named  the  systemic 
artery,  and  the  venas  cava  the  systemic  veins  ;  whilst  the  two  sets  of 
capillaries  interposed  between  the  arteries  and  veins,  the  one  in  the 
lungs,  the  other  in  the  body  generally,  are  respectively  termed  the  pul- 
monary and  the  systemic  capillaries. 

The  blood  flows  in  the  arteries  from  trunk  to  branches,  and  from 
larger  to  smaller  but  more  numerous  tubes  ;  it  is  the  reverse  in  the 
veins,  except  in  the  case  of  the  vena  ^yortre,  a  vein  which  carries  blood 
into  the  liver.  This  advehent  vein,  though  constituted  like  other  veins 
in  the  first  part  of  its  course,  divides  on  entering  the  liver  into  numerous 
branches,  after  the  manner  of  an  artery,  sending  its  blood  through  these 
branches  and  through  the  capillary  vessels  of  the  liver  into  the  efferent 
hepatic  veins  to  be  by  them  conducted  into  the  inferior  vena  cava  and 
the  heart. 

The  different  parts  of  the  sanguiferous  system  above  enumerated  may 
be  contemplated  in  another  point  of  view,  namely,  according  to  the 
kind  of  blood  which  they  contain  or  convey.  Thus  the  left  cavities  of 
the  heart,  the  pulmonary  veins,  and  the  aorta  or  systemic  artery, 
contain  red  or  florid  blood  fit  to  circulate  through  the  body  ;  on 
the  other  hand,  the  right  cavities  of  the  heart  with  the  venaa  cavse,  or 
systemic  veins,  and  pulmonary  artery,  contain  dark  blood  requiring  to 
be  transmitted  through  the  lungs  for  renovation.  The  former  or  red- 
blooded  division  of  the  sanguiferous  system,  commencing  by  the  capil- 
laries of  the  lungs,  ends  in  the  capillaries  of  the  body  at  large  ;  the  latter 
or  dark-blooded  part  commences  in  the  systemic  capillaries  and  terminates 
in  those  of  the  lungs.  The  heart  occupies  an  intermediate  position  be- 
tween the  origin  and  termination  of  each,  and  the  capillaries  connect  the 
dark  and  the  red  sets  of  vessels  together  at  their  extremities,  and  serve 
as  the  channels  through  which  the  blood  passes  from  the  one  part  of  the 
sanguiferous  system  to  the  other,  and  in  Avhich  it  undergoes  its  alternate 
changes  of  colour,  since  it  becomes  dark  as  it  traverses  the  systemic 
capillaries  and  red  again  in  passing  through  those  of  the  lungs. 

ABTERIES. 

These  vessels  were  originally  supposed  to  contain  air.  This  error, 
which  had  long  prevailed  in  the  schools  of  medicine,  was  refuted  by 
Galen,  who  showed  that  the  vessels  called  arteries,  though  for  the 
most  part  found  empty  after  death,  really  contain  blood  in  the  living 
body. 
^  Mode  of  Distribution. — The  arteries  usually  occupy  protected 
situations  ;  thus,  after  coming  out  of  the  great  visceral  cavities  of  the 
body,  they  run  along  the  limbs  on  the  aspect  of  flexion,  and  not  upon 
that  of  extension  where  they  would  be  more  exposed  to  accidental  injury. 
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As  tliey  proceed  in  their  course  the  arteries  divide  into  branches,  and 
the  division  may  take  place  in  different  modes.  An  artery  may  at 
once  resolve  itself  into  two  or  more  branches,  no  one  of  which  greatly 
exceeds  the  rest  in  magnitude,  or  it  may  give  off  several  branches  in 
succession  and  still  maintain  its  character  as  a  trunk.  The  branches 
come  off  at  different  angles,  most  commonly  so  as  to  form  an  acute 
angle  with  the  further  part  of  the  trunk,  but  sometimes  a  right  or  an 
obtuse  angle,  of  which  there  are  examples  in  the  origin  of  the  inter- 
costal arteries.  The  degree  of  deviation  of  a  branch  from  the  direction 
of  the  trunk  was  supposed  to  affect  the  force  of  the  stream  of  blood, 
but  Weber  maintains  that  it  can  produce  little  or  no  effect  in  a 
system  of  elastic  tubes  maintained,  like  the  arteries,  in  a  state  of  dis- 
tension. 

An  artery,  after  a  branch  has  gone  off  from  it,  is  smaller  than  before, 
but  usually  continues  uniform  in  diameter  or  cylindrical  until  the 
next  secession ;  thus  it  was  found  by  Hunter  that  the  long  carotid 
artery  of  the  camel  does  not  diminish  in  calibre  throughout  its  length. 
A  branch  of  an  artery  is  less  than  the  trunk  from  which  it  springs,  but 
the  combined  area  or  collective  capacity  of  all  the  branches  into  which 
an  artery  divides,  is  greater  than  the  calibre  of  the  parent  vessel  im- 
mediately above  the  point  of  division.  The  increase  in  the  joint 
capacity  of  the  branches  over  that  of  the  trunk  is  not  in  the  same  pro- 
portion in  every  instance  of  division,  and  there  is  at  least  one  case 
known  in  which  there  is  no  enlargement,  namely,  the  division  of  the 
aorta  into  the  common  iliac  and  sacral  arteries  ;  still,  notwithstanding 
this  and  other  possible  exceptions,  it  must  be  admitted  as  a  general 
rule  that  an  enlargement  of  area  takes  place.  From  this  it  is  plain 
that,  since  the  area  of  the  arterial  system  increases  as  its  vessels  divide, 
the  capacity  of  the  smallest  vessels  and  capillaries  will  be  greatest ;  and, 
as  the  same  rule  applies  to  the  veins,  it  follows  that  the  arterial  and 
venous  systems  may  be  represented;  as  regards  capacity,  by  two  cones 
whose  apices  (truncated  it  is  true)  are  at  the  heart,  and  whose  bases  are 
united  in  the  capillary  system.  The  effect  of  this  must  be  to  make  the 
blood  move  more  slowly  as  it  advances  along  the  arteries  to  the 
capillaries,  like  the  current  of  a  river  when  it  flows  in  a  wider  and 
deeper  channel,  and  to  accelerate  its  speed  as  it  returns  from  the 
capillaries  to  the  venous  trunks. 

When  arteries  unite  they  are  said  to  anastomose  or  inosculate. 
Anastomoses  may  occur  in  tolerably  large  arteries,  as  those  of  the  brain, 
the  hand  and  foot,  and  the  mesentery,  but  they  are  much  more  frequent 
in  the  smaller  vessels.  Such  inosculations  admit  of  a  free  communi- 
cation between  the  currents  of  blood,  and  must  tend  to  promote 
equability  of  distribution  and  of  pressure,  and  to  obviate  the  effects  of 
local  interruption. 

Arteries  commonly  pursue  a  tolerably  straight  course,  but  in  some 
parts  they  are  tortuous.  Examples  of  this  in  the  human  body  are 
afforded  by  the  arteries  of  the  lips  and  of  the  uterus,  but  more  striking 
instances  may  be  seen  in  some  of  the  lower  animals,  as  in  the  well- 
known  case  of  the  long  and  tortuous  spermatic  arteries  of  the  ram  and 
the  bull.  In  very  moveable  parts  like  the  lips,  this  tortuosity  will 
allow  the  vessel  to  follow  their  motions  without  undue  stretching  ;  but 
in  other  cases  its  purpose  is  not  clear.  The  physical  effect  of  such  a 
condition  of  the  vessel  on  the  blood  flowing  along  it  must  be  to  reduce 
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the  velocity,  by  increasing  the  extent  of  surface  over  which  the  blood 
moves,  and  consequently  the  amount  of  impediment  from  friction; 
still  it  does  not  satisfactorily  appear  why  such  an  end  should  be 
provided  for  in  the  several  cases  in  which  arteries  are  known  to  follow 
a  tortuous  course.  The  same  remark  applies  to  the  peculiar  arrange- 
ment of  vessels  named  a  "  rete  mirabile,"  where  an  artery  suddenly 
divides  into  small  anastomosing  branches,  which  in  many  cases  unite 
again  to  reconstruct  and  continue  the  trunk.  Of  such  o^dm  mirahilia 
there  are  many  examples  in  the  lower  animals,  but,  as  already  remarked, 
the  purpose  which  they  serve  is  not  apparent.  The  best  known  instance 
is  that  named  the  rcfe  miralik  of  Galen,  which  is  formed  by  the  intra- 
cranial part  of  the  internal  carotid  artery  of  the  sheep  and  several  other 
quadrupeds. 

Physical  Properties. — Arteries  possess  considerable  strength  and  a 
very  high  degree  of  elasticity,  being  extensible  and  retractile  both  in 
their  length  and  their  width.  When  cut  across,  they  present,  although 
empty,  an  open  orifice  ;  the  veins,  on  the  other  hand,  collapse,  unless 
when  prevented  by  connection  with  surrounding  rigid  parts. 

Structure. — In  most  parts  of  the  body  the  arteries  are  inclosed  in 
a  sheath  formed  of  connective  tissue,  and  their  outer  coat  is  connected 
to  the  sheath  by  filaments  of  the  same  tissue,  but  so  loosely  that,  when 
the  vessel  is  cut  across,  its  ends  readily  shrink  some  way  within  the 
sheath.  The  sheath  may  inclose  other  parts  along  with  the  artery,  as 
in  the  case  of  that  enveloping  the  carotid  artery,  which  also  includes 
the  internal  jugular  vein  and  pneumo-gastric  nerve.  Some  arteries 
want  sheaths,  as  those  for  example  which  are  situated  within  the  cavity 
of  the  cranium. 

Independently  of  this  sheath,  arteries  (except  those  of  minute  size 
whose  structure  will  be  afterwards  described  with  that  of  the  capillaries) 
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-Transverse  Vertical  Section    of   Posterior  Tibial  Artery  (Man). 
Diameters. 


a,  Epitlielioid  and  Subepithelial  layers  of  inner  coat ;  b,  elastic  layer  of  inner  coat, 
appearing  as  a  bright  line  in  section  ;  c,  muscular  layer  (middle  coat)  ;  d,  outer  coat,  con- 
sisting of  connective  tissue  bundles,  which  become  more  loosely  arranged  toward  the 
exterior.  In  the  interstices  (seen  as  white  spaces)  of  the  bundles  are  some  connective  tissue 
nuclei,  and,  especially  near  the  muscular  coat,  a  number  of  fine  elastic  fibres  cut  across. 
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Fig.  108. 


have  been  usually  described  as  formed  of  three  coats,  named,  from  their 
relative  position,  internal,  middle,  and  external  (fig.  107,  in  section); 
and  as  this  nomenclature  is  generally  followed  in 
medical  and  surgical  works,  and  also  correctly  ap- 
plies to  the  structure  of  arteries  so  far  as  it  is  dis- 
cernible by  the  naked  eye,  it  seems  best  to  adhere 
to  it  as  the  basis  of  our  description ;  although  it 
will  be  seen,  as  we  proceed,  that  some  of  these 
coats  are  found  on  microscopic  examination  really 
to  consist  of  two  or  more  strata  differing  from  each 
other  in  texture,  and  therefore  reckoned  as  so 
many  distinct  coats  by  some  authorities. 

Internal  coat  (fig.  107,  a,  h).  This  may  be 
raised  from  the  inner  surface  of  the  arteries  as  a 
line  transparent  colourless  membrane,  elastic  but 
very  easily  broken,  especially  in  the  circular  or 
transverse  direction,  so  that  it  cannot  be  stripped 
off  in  large  pieces.  It  is  very  commonly  corrugated 
with  very  fine  and  close  longitudinal  wrinkles, 
caused  most  probably  by  a  contracted  state  of  the 
artery  after  death.  Such  is  the  appearance  pre- 
sented by  the  internal  coat  to  the  naked  eye,  but 
by  the  aid  of  the  microscope,  it  is  found  to  consist 
of  three  different  structures,  namely:  1.  An  ejjithe- 
lioid  layer  (fig.  107,  a,  and  fig.  108)  forming  the 
innermost  part  or  lining.  This  is  a  simple  layer 
of  thin  elliptical  or  irregularly  polygonal  cells, 
■which  are  often  lengthened  into  a  lanceolate  shape.  Nitrate  of 
These  epithelioid  elements  have  round  or  oval  preparation. 
nuclei,  Avith  nucleoli:  the  outlines  of  the  cells  are  often  indistinct 
in  the  fresh  state,  but  may  be  brought  into  view  by  means  of 
nitrate  of  silver.  2.  A  sudejnfheKal  layer  (striated  layers  of  licilliker). 
This  is  composed  of  a  homogeneous  connective  tissue  with  a  greater 
or  less  number  of  branched  corpuscles  lying  in  the  cell-spaces  of 
the  tissue  (fig.  109).  In  some  instances  the  ground  substance  is 
striated  or  even  fibrillated,  and  pervaded  by  longitudinal  elastic  net- 

Fi^.  109. 


Epithe- 


lioid LxiYER  Lining 
Posterior  Tibial 
Artery.  250  Dia- 
meters. 

silver 


li.«?  »/.-%*... r/^  -  —  \    I^Swt^t.    ..Vat. 


Fig.   109. — Cell-Spaces    of    Sub-epithelial  Later  op  Artery  (Posterior  Tibial). 

250  Diameters. 

The  ground  substance  is  stained  by  nitrate  of  silver,  and  the  cell-spaces  of  the  tissue 
are  thus  made  manifest  as  white  patches,  the  contained  cells  not  being  seen. 
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works  of  varying  fineness.  This  layer  is  said  to  be  most  constant  in 
the  larger  arteries :  it  exists  however  in  the  medium-sized  ones,  and  is 
to  be  looked  upon  as  of  considerable  pathological  importance,  as  being 
that  in  which,  under  certain  conditions,  cell  proliferation  is  most  apt 
to  occur.  3.  Elastic  layers  (fig.  107,  b).  These  form  the  chief  sub- 
stance of  the  inner  coat.  The  elastic  tissue  commonly  forms  longitu- 
dinal networks  of  fibres  (fig.  110),  which  consist  of  several  layers  of 
dififerent  degrees,  of  closeness.  Not  uncommonly  some  of  these  layers 
take  on  a  membranous  character,  in  Avhich  case  they  form  the 
^'  perforated  "  or  "  fenestrated "  membrane  of  Henle.  This  consists  of 
a  thin  and  brittle  transparent  film,  and  may  exist  in  one  or  several 
layers  ;  and  in  that  case  it  may  be  stripped  oflP  in  small  shreds,  which 
have  a  remarkable  tendency  to  curl  in  at  their  upper  and  lower  borders, 
and   roll  themselves    up    as    represented  in  fig.    111.     The   films  of 
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Fig.  110. —Elastic  Network  op  Artery.     350  Diameters  (Kolliker). 

Fig.  111. — Portion  op  Fenestrated  Membrane  from  the  Crural  Artery,  magnified 

200  Diameters  (Henle). 

a,  h,  c,  perforations. 


membrane  are  marked  by  very  fine  pale  streaks,  following  principally 
a  longitudinal  direction,  and  joining  each  other  obliquely  in  a  sort  of 
network.  Henle  considers  these  lines  to  be  reticulating  fibres  formed 
upon  the  membranous  layer.  This  membrane  is  further  remarkable 
by  being  perforated  with  numerous  round,  oval,  or  irregularly  shaped 
apertures  of  different  sizes.  In  some  parts  of  the  arteries  the  per- 
forated membrane  is  very  thin,  and  therefore  difficult  to  strip  off;  in 
other  situations  it  is  of  considerable  thickness,  consisting  of  several 
layers  ;  in  which  case  it  tends  in  the  outer  layers  to  lose  its  membra- 
nous character :  indeed  it  must  be  borne  in  mind  that  every  transition 
is  met  with  between  the  fenestrated  membrane,  as  above  described, 
and  the  longitudinal  elastic  networks  before  mentioned. 

The  inner  coat  may  thus  be  said  to  be  formed  of  a  layer  of  flattened 
epithelioid  cells;  a  layer  of  dehcate  connective  tissue  "with  branched 
cells  ;  and  elastic  layers :  the  latter  consisting  of  elastic  tissue  under 
two  principal  forms,  namely,  the  longitudinal  elastic  networks  and 
the  fenestrated  membrane ;  and  these  two  forms  may  coexist  in  equal 
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amount,  or  one  may  predominate,  the  other  diminishing  or  even 
disappearing  altogether. 

Middle  coat  (fig.  107,  c).  This  consists  of  plain  muscular  tissue, 
in  fine  bundles,  disposed  circularly  round  the  vessel,  and  consequently 
tearing  off  in  a  circular  direction,  although  the  individual  bundles 
do  not  form  complete  rings.  The  considerable  thickness  of  the  Avails 
of  the  larger  arteries  is  due  chiefly  to  this  coat  ;  and  in  the  smaller 
ones,  it  is  said  to  be  thicker  in  comparison  with  the  calibre  of  the  vessel. 
In  the  largest  vessels  and  in  some  small  ones  it  is  made  up  of  many 
layers;  and  elastic  films  either  finely  reticular,  or  quite  similar  to  the 
fenestrated  membrane  of  the  inner  coat,  are  often  found  between  the 
layers.  The  middle  coat  is  of  a  tawny  or  reddish  yellow  colour,  not 
unlike  that  of  the  elastic  tissue,  but,  when  quite  fresh,  it  has  a  softer 
and  more  translucent  aspect.  Its  more  internal  part  is  often  described 
as  redder  than  the  rest,  but  the  deeper  tint  is  probably  due  to  staining 
by  the  blood  after  death. 

This  coat  consists  mainly  of  muscular  fibre  cells  (fig.  112  and  fig.  113), 
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Fig.  112. — Muscular  Fibre-cells  from  Human  Arteries.    Magnified  350  Diameters. 

1.  From  the  popliteal  artery  ;  a,  natural ;   i,  treated  with  acetic  acid.     2.   From  a 
small  branch  of  the  posterior  tibial  (from  Kolliker). 

Fig.    113. — Muscular  Fibre-cells   from   Superior    Thyroid    Artery   (Man).      310 

Diameters. 


seldom  more  than  from  y-i^  to  ~^  of  an  inch  long  and  frequently 
presenting  a  very  irregular  shape  with  jagged  extremities  (fig.  113). 
Their  nuclei  are  mai'kedly  rod  shaped  and  are  often  slightly  curved. 
Cells  are  occasionally  met  with,  especially  in  the  larger  arteries,  which 
a^jpear  to  present  transitions  to  the  forked  cells  of  which  the  muscular 
substance  of  the  heart  is  composed.  Fine  elastic  fibres  are  also  com- 
monly to  be  found  in  this  coat  mixed  with  the  muscular  bundles,  and 
traversing  the  layers  in  form  of  elastic  networks,  which  in  the  larger 
arteries  pass  into  the  elastic  lamiuEe  already  mentioned. 

The  elastic  fibres  are  accompanied  by  white  fibres  of  areolar  tissue  in 
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small  quantity,  the  proportion  of  Avliicli  increases  witli  the  size  of  the 
artery.  It  is  important  further  to  note  that  the  muscular  tissue  ol  the 
raiddle  coat  is  more  pm'e  in  the  smaller  arterieS;  and  that  the  admixture 
of  other  tissues  increases  in  the  larger-sized  vessels ;  in  these,  moreover, 
the  muscular  cells  are  smaller.  Accordingly,  the  vital  contractility  of 
the  arteries,  which  depends  on  their  middle  coat,  is  very  little  marked 
in  those  of  large  size,  but  becomes  much  more  conspicuous  in  the 
smaller  branches. 

External  coat.  {Tunica  admntitia  of  the  German  writers)  (fig.  107,  d). 
This  is  composed  mainly  of  fine  and  closely-felted  bundles  of  white 
connective  tissue,  together  with  a  variable  amount  of  longitudinally 
disposed  elastic  tissue  between  the  bundles  (in  the  fig.  this  is  seen  cut 
across).  This  is  much  more  abundant  towards  the  inner  part,  next 
the  muscular  coat,  and  is  frequently  descr  ibed  as  constituting  here  a 
distinct  elastic  layer :  it  is  most  marked  in  arteries  of  medium  calibre^ 
becoming  thinner,  and  at  length  gradually  disappearing  in  those  of 
small  size. 

In  large  and  middle-sized  arteries  the  bundles  of  white  connective 
tissue  chiefly  run  diagonally  or  obliquely  round  the  vessel,  and  their 
interlacement  becomes  much  more  open  and  lax  towards  the  surface  of 
the  artery,  where  they  connect  the  vessel  with  its  sheath  or  with  other 
surrounding  parts.  Longitudinally  arranged  contractile  fibre-cells  have 
been  described  by  various  observers  in  the  external  coat  of  some  of  the 
larger  arteries,  and  they  are  said  to  be  occasionally  present  amongst 
the  circularly  disposed  fibres  of  the  middle  coat,  and  even  in  the  sub- 
epithelial layer  of  the  internal.  The  white  tissue  is  usually  of  great 
proportionate  thickness  in  the  smaller  arteries. 

Some  arteries  have  much  thinner  coats  than  the  rest,  in  proportion 
to  their  calibre.  This  is  strikingly  the  case  with  those  contained  within 
the  cavity  of  the  cranium,  and  in  the  vertebral  canal ;  the  difference 
depends  on  the  external  and  middle  coats,  which  in  the  vessels  referred 
to  are  thinner  than  elsewhere. 

Vessels  and  Herves  of  Arteries. — The  coats  of  arteries  receive 
small  vessels,  both  arterial  and  venous,  named  vasa  vasorum,  which 
serve  for  their  nutrition.  The  little  nutrient  arteries  do  not  pass  imme- 
diately from  the  cavity  of  the  main  vessel  into  its  coats,  but  are  derived 
from  branches  which  arise  from  the  artery  (or  sometimes  from  a  neigh- 
bouring artery),  at  some  distance  from  the  point  where  they  are 
ultimately  distributed,  and  divide  into  smaller  branches  within  the 
sheath,  and  upon  the  surface  of  the  vessel,  before  entering  its  coats. 
They  form  a  network  in  the  tissue  of  the  external  coat,  from  which  a 
few  penetrate  into  the  middle  coat,  and  follow  the  circular  course 
of  its  fibres;  none  have  been  discovered  in  the  internal  coat,  unless 
the  observations  of  Jasche  and  Arnold  are  to  be  trusted,  who  aflirm 
that  they  have  seen  vessels  in  that  situation.  Minute  venules  return 
the  blood  from  these  nutrient  arteries,  which,  however,  they  do  not 
closely  accompany,  and  discharge  it  into  the  vein  or  pair  of  veins  which 
usually  run  alongside  the  artery.  Lymphatics  are  present  in  the  outer  coat. 

Arteries  are  generally  accompanied  by  larger  or  smaller  nerves ;  and 
-when,  in  the  operation  of  tying  an  artery,  these  happen  to  be  included 
along  with  it  in  the  ligature,  great  pain  is  experienced,  but  the  vessel 
itself,  when  in  a  healthy  condition,  is  insensible.  Nerves  are,  neverthe- 
less, distributed  to  the  coats  of  arteries,  probably  for  governing  their 
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contractile  movements.  The  nerves  come  chiefly  from  the  sympathetic, 
but  also  from  the  cerebro-spinal  system.  They  form  plexuses  round  the 
larger  arteries,  and  run  along  the  smaller  branches  in  form  of  fine 
bundles  of  fibres,  which  here  and  there  twist  round  the  vessel,  and 
single  nerve-fibres  have  been  seen  closely  accompanying  minute  arteries. 
The  fine  branches  destined  for  the  artery  penetrate  to  the  middle  coat, 
in  which  they  are  chiefly  distributed.  They  lay  aside  their  medullary 
sheath  and  form  a  plexus  of  pale  fibres,  the  finest  of  which  are  without 
nuclei. 

Minute  ganglia  have  been  described  by  Beale  and  others  as  connected 
with  the  arteries,  or  even  in  the  case  of  the  larger  ones,  situated  in  the 
externa]  coat.  From  these,  fine  nerves  proceed  to  be  distributed,  chiefly 
in  the  form  of  plexuses,  to  the  muscular  tissue  of  the  middle  coat. 

Contractility.  Besides  the  merely  mechanical  property  of  elasticity,  arteries 
are  endowed  in  a  greater  or  less  degree  with  -vital  contractility,  by  means  of 
which  they  can  narrow  their  calibre.  This  vital  contractility,  which  has  its 
seat  in  the  plain  muscular  tissue  of  the  middle  coat,  does  not  cause  rapid  con- 
tractions following  in  rhythmic  succession  like  those  of  the  heart ;  *  its  opera- 
tion is,  on  the  contrary,  slow,  and  the  contraction  produced  is  of  long  endurance. 
Its  effect,  or  its  tendency,  is  to  contract  the  area  of  the  arterial  tube,  and  to 
offer  a  certain  amount  of  resistance  to  the  distending  force  of  the  blood  ;  and  as 
the  contracting  vessel  will  shrink  the  more,  the  less  the  amount  of  fluid  con- 
tained in  it,  the  vital  contractility  would  thus  seem  to  adjust  the  capacity  of  the 
arterial  system  to  the  quantity  and  force  of  the  blood  passing  through  it,  bracing 
up  the  vessels,  as  it  were,  and  maintaining  them  in  a  constant  state  of  tension. 
In  producing  this  effect,  it  co-operates  with  the  elasticity  of  the  arterial  tubes, 
but  it  can  be  shown  that  after  that  property  has  reached  its  limit  of  operation 
the  vital  contraction  can  go  further  in  narrowing  the  artery.  The  vital  or  mus- 
cular contractility  of  the  arteries,  then,  counteracts  the  distending  force  of  the 
heart  and  seems  to  be  in  constant  operation.  Hence  it  is  often  named  "  tonicity," 
and  so  far  justly ;  but  at  the  same  time,  like  the  contractility  of  other  muscular 
structujres,  it  can,  by  the  application  of  various  stimuli,  be  artificially  excited  to 
more  vivid  action  than  is  displayed  in  this  natural  tonic  or  balanced  state  ;  and, 
on  the  other  hand,  it  sometunes  relaxes  more  than  the  habitual  degree,  and  then 
the  vessels,  yielding  to  the  distending  force  of  the  heart,  become  unusually  dilated. 
Such  a  remission  in  their  contractile  force  (taking  place  rather  suddenly)  is  doubt- 
less the  cause  of  the  turgescence  of  the  small  vessels  of  the  skin  which  occurs 
in  blushing  ;  and  the  arteries  of  erectile  organs  are  probably  affected  in  the  same 
manner,  so  as  to  permit  an  augmented  flow  of  blood  into  the  veins  or  venous 
cavities  when  erection  begins. 

The  vital  contractility  of  small-sized  arteries  is  easily  demonstrated  in  the 
transparent  parts  of  cold-blooded  animals.  If  the  point  of  a  needle  be  two  or 
three  times  drawn  quickly  across  one  of  the  little  arteries  in  the  web  of  a  frog's 
foot  placed  under  the  microscope,  the  vessel  will  be  seen  slowly  to  contract,  and 
the  stream  of  blood  passing  through  it  becomes  smaller  and  smaller,  and,  by  a 
repetition  of  the  process,  may  be  made  almost  entirely  to  disappear.  After  per- 
sisting in  this  contracted  state  for  some  minutes,  the  vessel  will  gradually  dilate 
again  to  its  original  size.  The  same  effect  may  be  produced  by  the  application  of 
ice-cold  water,  and  also  by  electricity,  especially  the  interrupted  electric  cuxrent. 
Moreover,  if  one  of  the  small  arteries  in  the  mesentery  of  a  frog  or  of  a  small 
warm-blooded  animal,  such  as  a  mouse  (Poiseuille),  be  compressed  so  as  to  take 
off  the  distending  force  of  the  blood  from  the  part  beyond  the  point  where  the 
pressure  is  applied,  that  part  wiU  diminish  in  calibre,  at  first  no  doubt  from  its 

*  Arteries  may,  however,  exhibit  slow  rhythmic  contractions  :  this  is  especially  marked 
in  some  of  the  lower  animals,  e.  g.  the  rabbit,  in  the  arteries  of  the  ear  of  which  it  may 
readily  be  obseiwed.  It  is  probably  dependent  on  the  presence  of  minute  ganglia  in  con- 
nection with  the  vessels. 
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elasticity,  and  therefore  suddenly,  but  afterwards  slowly.  The  contractility  of 
the  smaller  arteries,  as  well  as  its  subjection  to  the  influence  of  the  nervous  sys- 
tem, is  beautifully  shown  in  the  experiment  of  cutting  and  afterwards  stimulating 
the  cervical  sympathetic  nerve  in  a  cat  or  rabbit.  Immediately  after  the  sec- 
tion, the  vessels  of  the  ear  become  distended  with  blood  from  failure  of  their 
tonic  contraction  ;  but,  on  applying  the  galvanic  stimulus  to  the  upper  portion  of 
the  nerve,  they  immediately  shrink  again,  and  on  interrupting  the  stimulation 
they  relax  as  before.  The  tonic  contraction  of  these  vessels  appears  to  be  main- 
tained by  the  medulla  oblongata  operating  through  the  branches  of  the  cervical 
part  of  the  sympathetic  nerve :  it  is  found,  moreover,  that  stimulation  of  this 
so-called  "  vaso-motor  "  centre  causes  marked  contraction  of  the  arteries  of  the 
body  generally,  especially  the  smaller  ones. 

The  contractility  of  the  large  arteries  is  not  so  conspicuous,  and  many  excel- 
lent observers  have  failed  to  elicit  any  satisfactory  manifestation  of  such  property 
on  the  application  of  stimuli  to  these  vessels.  Others,  however,  have  observed  a 
sufficiently  decided,  though  by  no  means  a  striking  degree  of  contraction  slowly 
to  follow  mechanical  ii-ritation  or  electric  stimulation  of  these  arteries  in  recently- 
killed  animals.  To  render  this  effect  more  evident,  C.  J.  B.  Williams  adopted  a 
method  of  experimentuig  which  he  had  successfully  employed  to  test  the  irrita- 
bility of  the  bronchial  tubes.  He  tied  a  bent  glass  tube  into  the  cut  end  of  an 
artery,  and  filled  the  vessel,  as  well  as  the  bend  of  the  tube,  with  water ;  the 
application  of  galvanism  caused  a  narrowing  of  the  artery,  the  reality  of  vi^hich 
was  made  manifest  by  a  rise  of  the  fluid  in  the  tube.  Cold  causes  contraction  of 
the  larger  arteries,  according  to  the  testimony  of  various  inquirers  ;  and,  as  in 
the  smaller  arteries,  a  gradual  shrinking  in  calibre  ensues,  when  the  distending 
pressui-e  of  the  blood  is  taken  off,  by  the  extinction  or  impairment  of  the  force 
of  the  heart  on  the  approach  of  death.  From  the  experiments  of  C.  Parry,  it 
would  appear  that  the  contraction  thus  ensuing  proceeds  considerably  beyond 
what  would  be  produced  by  elasticity  alone,  and  that  it  relaxes  after  death, 
when  vitality  is  completely  extinct,  so  that  the  artery  widens  again  to  a  certain 
point,  at  which  it  is  finally  maintained  by  its  elasticity. 

VEINS. 

Mode  of  distribution. — The  veins  are  ramified  tliroughout  the 
body,  like  the  arteries,  but  tiiere  are  some  differences  in  their  propor- 
tionate nmnber  and  size,  as  well  as  in  their  arrangement,  which  require 
to  be  noticed. 

In  most  regions  and  organs  of  the  body  the  veins  are  more  numerous 
and  also  larger  than  the  arteries,  so  that  the  venous  system  is  alto- 
gether more  capacious  than  the  arterial,  but  the  proportionate  capacity 
of  the  two  cannot  be  assigned  with  exactness.  The  pulmonary  veins 
form  an  exception  to  this  rule,  for  they  do  not  exceed  in  capacity  the 
pulmonary  arteries. 

The  veins  are  arranged  in  a  superficial  and  a  deep  set,  the  former 
Tunning  immediately  beneath  the  skin,  and  thence  named  subcutaneous, 
the  latter  commonly  accompanying  the  arteries,  and  named  v&na  comites 
^el  satellites  arferiarum.  The  large  arteries  have  usually  one  accom- 
panying vein,  and  the  medium-sized  and  smaller  arteries  two  ;  but 
there  are  exceptions  to  this  rule  ;  thus,  the  veins  within  the  skull  and 
spinal  canal,  the  hepatic  veins,  and  the  most  considerable  of  those 
belonging  to  the  bones,  run  apart  from  the  arteries. 
^  The  communications  or  anastomoses  between  veins  of  considerable 
size,  are  more  frequent  than  those  of  arteries  of  equal  magnitude. 

Structure. — The  veins  have  much  thinner  coats  than  the  arteries, 
and  collapse  when  cut  across  or  emptied ;  whereas  a  cut  artery  presents 
a  patent  orifice.^   But,  notwithstanding  their  comparative  thinness,  the 
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veins  possess  considerable  strength,  more  even,  according  to  some 
authorities,  tlian  arteries  of  the  same  calibre.  The  number  of  their 
coats  has  been  differentlj^  reckoned,  and  the  tissues  composing  them 
differently  described  by  different  writers,  and  this  discrepancy  of  state- 
ment is  perhaps  partly  due  to  the  circumstance  that  all  veins  are  not 
perfectly  alike  in  structure.  In  most  veins  of  tolerable  size,  three  coats 
may  be  distinguished,  which,  as  in  the  arteries,  have  been  named  ex- 
ternal, middle,  and  internal. 

Internal  coat. — This  is  less  brittle  than  that  of  the  arteries,  and 
therefore  admits  of  being  more  readily  peeled  off  without  tearing  ;  but, 
in  other  respects,  the  two  are  much  alike.  It  consists  of  an  eiyiUielioid 
layer,  a  suhepithelial  connective  tissue  layer,  said  to  be  the  most  marked 
in  the  smaller  veins,  and  the  usual  elastic  layers ;  these  occur  as  dense 
lamelliform  networks  of  longitudinal  elastic  fibres,  and  but  seldom  as 
fenestrated  membranes. 

Middle  coat. — This  coat  is  much  thinner  than  that  of  the  arteries, 
and  its  muscular  tissue  has  a  much  larger  admixture  of  white  connec- 
tive tissue.  Its  fibres  are  both  longitudinal  and  circular,  the  one  set 
alternating  with  the  other  in  layers.  The  former  are  well-developed 
elastic  fibres,  longitudinally  reticulating  ;  the  circular  layers  consist  of 
bundles  of  muscular  fibre-cells  and  white  connective  tissue,  mixed  with 
a  smaller  proportion  of  fine  elastic  fibres.  In  medium-sized  veins  the 
middle  coat  contains  several  successions  of  the  circular  and  longitudinal 
layers,  but  the  latter  are  all  more  or  less  connected  together  by  elastic 
fibres  passing  through  the  intervening  circular  layers.  In  the  larger 
veins  the  middle  coat  is  less  developed,  especially  as  regards  its  mus- 
cular fibres,  but  in  such  cases  the  deficiency  may  be  supplied  by  muscu- 
larity of  the  outer  coat.  The  middle  coat  is  wanting  altogether  in  most 
of  the  hepatic  part  of  the  vena  cava,  and  in  the  great  hepatic  veins 
(Kolliker)  ;  its  muscularity  is  best  marked  in  the  splenic  and  portal  veins. 

External  coat. — This  is  usually  thicker  than  the  middle  coat ;  it 
consists  of  dense  areolar  tissue  and  longitudinal  elastic  fibres.  In  cer- 
tain large  veins,  as  pointed  out  by  Eemak,  this  coat  contains  a  consi- 
derable amount  of  plain  or  non-striated  muscular  tissue.  The  muscular 
elements  are  well  marked  in  the  whole  extent  of  the  abdominal  cava, 
in  which  they  form  a  longitudinal  network,  occupying  the  inner  part  of 
the  external  coat ;  and  they  may  be  traced  into  the  renal,  azygos,  and 
external  iliac  veins.  The  muscular  tissue  of  the  external  coat  is  also  well 
developed  in  the  trunks  of  the  hepatic  veins  and  in  that  of  the  vena 
portse,  jvhence  it  extends  into  the  splenic  and  superior  mesenteric. 

Other  veins  present  peculiarities  of  structure,  especially  in  respect  of  muscu- 
larity. 1.  The  striated  muscular  tissue  of  the  aiuicles  of  the  heart  is  prolonged 
for  some  way  on  the  adjoining  part  of  the  vense  cav«  and  pulmonary  veins. 
2.  The  plain  muscular  tissue  is  largely  developed  in  the  veins  of  the  gravid  uterus, 
in  which,  as  well  as  in  some  other  veins,  it  is  described  as  being  present  in  all 
three  coats.  3.  On  the  other  hand,  muscular  tissue  is  wanting  in  the  following 
veins,  viz.,  a,  those  of  the  maternal  part  of  the  placenta  ;  b,  most  of  the  vein^ 
of  the  brain  and  pia  mater  ;  c.  the  veins  of  the  retina  ;  d,  the  venous  sinuses  of 
the  dura  mater  ;  e,  the  cancellar  veins  of  the  bones  ;  /,  the  venous  spaces  of  the 
coiTpora  cavernosa.  In  most  of  these  cases  the  veins  consist  merely  of  an  epithe- 
lioid layer  and  a  layer  or  laj-ers  of  connective  tissue  more  or  less  developed ;  in 
the  coi-pora  cavernosa  the  eiDithelium  is  applied  to  the  trabecular  tissue.  It  may 
be  added  that  in  the  thickness  of  their  coats  the  superficial  veins  surpass  the 
deep,  and  the  veins  of  the  lower  limbs  those  of  the  upper. 
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.Fig.    114.  —Diagrams     siiowiNa 
OF  Veins. 


Valves 


The  coats  of  the  veins  are  supplied  with  nutrient  vessels,  vasa 
vasorum,  in  the  same  manner  as  those  of  the  arteries.  Nerves  are 
distributed  to  them  in  the  same  manner  as  to  the  arteries,  but  in  far 
less  abundance. 

Vital  properties. — Veins,  -when  in  a  healthy  condition,  appear,  like  arteries,  to 
be  almost  devoid  of  sensibility.  They  possess  vital  contractility,  vi^hich  shows  itself 
in  the  same  manner  as  that  of  the  arteries,  but  is  greatly  inferior  in  degree,  and 
much  less  manifest.  The  muscular  parts  of  the  great  veins,  near  the  auricles  of 
fche  heart,  on  being  stimulated,  in  recently-killed  quadrupeds,  exhibit  quick  and 

decided  contractions,  somewhat  resemb- 

Fi^T,   114.  ling  those  of   the  auricles  themselves. 

"Whai-ton  Jones  discovered  a  rhythmic 

J^  '&  ^  pulsation  in  the  veins  of  the  bat's  wing, 

the  pulsation  occurring  from  ten  to 
twelve  times  in  a  minute  ;  and  it  is 
worthy  of  note  that  the  muscular  tissue 
of  these  vessels  is  non-striated  as  in 
other  veins. 

Yalves. — Most  of  the  veins  are 
provided  with  valves,  a  mechanical 
contrivance  beautifully  adapted  to 
prevent  the  reflux  of  the  blood. 
The  valves  are  formed  of  semi- 
lunar folds  of  the  internal  coat, 
strengthened  by  included  connec- 
tive tissue,  which  project  oblique- 
ly into  the  vein.  Most  commonly 
two  such  folds  or  flaps  are  placed 
opposite  each  other  (fig,  114,  A) ; 
the  convex  border  of  each  (which, 
according  to  Haller,  forms  a  para- 
bolic curve)  is  connected  with  the 
side  of  the  vein;  the  other  edge 
is  free,  and  points  towards  the  heart,  or  at  least  in  the  natural 
direction  of  the  cuiTent  of  the  blood  along  the  vessel,  and  the  two 
flaps  obliquely  incline  towards  each  other  in  this  direction.  More- 
over the  wall  of  the  vein  immediately  above  (or  nearer  the  heart  than) 
the  curved  line  of  attachment  of  the  valves,  is  dilated  into  a  pouch  or 
sinus  on  each  side  (fig.  114,  b),  so  that,  when  distended  with  blood  or 
l3y  artificial  injection,  the  vessel  bulges  out  on  each  side,  and  thus  gives 
rise  to  the  appearance  of  a  knot  or  swelling  wherever  a  valve  is  placed 
(as  in  fig.  114,  c).  From  the  above  description,  it  is  plain  that  the  valves 
are  so  directed  as  to  offer  no  obstacle  to  the  blood  in  its  onward  flow, 
but  that,  when  from  pressure  or  any  other  cause  it  is  driven  backwards, 
the  refluent  blood,  getting  between  the  dilated  wall  of  the  vein,  and  the 
flaps  of  the  valve,  will  press  them  inwards  until  their  edges  meet  in  the 
middle  of  the  channel  and  close  it  up. 

The  valvular  folds  are  usually  placed  in  pairs  as  above  described  ;  in  the  veins 
■of  the  horse  and  other  large  quadrupeds  three  are  often  found  ranged  round  the 
inside  of  the  vessel ;  but  this  rarely  occui's  in  the  human  body.  On  the  other 
hand,  the  valves  are  placed  singly  in  some  of  the  smaller  veins,  and  in  large 
-veins  single  valves  are  not  unfrequently  placed  over  the  openings  of  smaller 
entering  branches  ;  also  in  the  right  auricular  sinus  of  the  heart  there  is  a  single 


A.  Part  of  a  vein  laid  open  and  spread 
out,  with  two  pairs  of  valves.  B.  Longitu- 
dinal section  of  a  vein,  showing  the  apposi- 
tion of  the  edges  of  the  valves  in  their  closed 
state.  C.  Portion  of  a  distended  vein,  ex- 
hibiting a  swelling  in  the  situation  of  a  pair 
of  valves. 
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crescentic  fold  at  the  orifice  of  the  vena  cava  inferior,  and  another  more  com- 
pletely covering  the  opening  of  the  principal  coronary  vein. 

Many  veins  are  destitute  of  valves.  Those  which  measure  less  than  a  line  in 
diameter  rarely,  if  ever,  have  them.  In  man,  valves  are  wanting  in  the  trunks  of 
the  superior  and  inferior  venas  cavaj,  in  the  trunk  and  branches  of  the  portal 
vein,  in  the  hepatic,  renal,  and  uterine  veins  ;  also  in  the  spermatic  (ovarian) 
veins  of  the  female.  In  the  male,  these  last-mentioned  veins  have  valves  in 
their  course,  and  in  each  sex  a  little  valve  is  occasionally  found  in  the  renal  vein, 
placed  over  the  entrance  of  the  spermatic.  The  pulmonary  veins,  those  within 
the  cranium  and  vertebral  canal,  and  those  of  the  cancellated  textm-e  of  bone,  as 
well  as  the  trunk  and  branches  of  the  mnbilical  vein,  are  without  valves.  Valves 
are  not  generally  found,  and  when  present  are  few  in  number,  in  the  azj'-gos  and 
intercostal  veins.  On  the  other  hand,  they  are  numerous  in  the  veins  of  the 
limbs  (and  especially  of  the  lower  limbs),  which  are  much  exposed  to  pressiu'e  in 
the  muscular  movements  or  from  other  causes,  and  have  often  to  support  the 
blood  against  the  direction  of  gravity.  No  valves  are  met  with  in  the  "^^eias  of 
reptiles  and  fishes,  and  not  many  in  those  of  birds. 


Fig.  115. 


SMALLER    ARTERIES    AND    VEINS    AND    CAPILLARIES. 

That  the  blood  passes  from  the  arteries  into  the  veins  was  of  course 
a  necessary  part  of  the  doctrine  of  the  circulation,  as  demonstrated  bj 
Harvey;  but  the  mode  in  which  the  passage  takes  place  was  not 
ascertained  until  some  time  after  the  date  of  his  great  discovery.  The 
discovery  of  the  capillary  vessels,  and  of  the  course  of  the  blood  through 
them,  was  destined  to  be  one  of  the  first  fruits  of  the  use  of  the  micro- 
scope in  anatomv  and  physiology,  and  was  reserved  for  Malpighi  (in 
1661). 

When  the  web  of  a  frog's  foot  is  viewed  through  a  microscope  of 
moderate  power  (as  in  fig.  115),  the  blood  is  seen  passing  rapidly  along 
the  small  arteries,  and  thence  more  slowly 
through  a  network  of  finer  channels,  by 
which  it  is  conducted  into  the  veins. 
These  small  vessels,  interposed  between 
the  finest  branches  of  the  arteries  and  the 
commencing  veins,  are  the  capillary  vessels. 
They  may  be  seen  also  in  the  lungs  or 
mesentery  of  the  frog  and  other  batra- 
chians,  and  in  the  tail  and  gills  of  their 
larva3  :  also  in  the  tail  of  small  fishes  ; 
in  the  mesentery  of  mice  or  other  small 
quadrupeds  ;  and  generally,  in  short,  in 
the  transparent  vascular  parts  of  animals 
which  can  readily  be  brought  under  the 
microscope.  These  vessels  can  also  be 
demonstrated  by  means  of  fine  injections 
of  coloured  material,  not  only  in  mem- 
branous parts,  such  as  those  above  men- 
tioned, but  also  in  more  thick  and  opaque 
tissues,  which  can  be  subsequently  rendered 
transparent. 

The  capillary  vessels  of  a  part  are  most 
commonly   arranged  in   a  network,    the    branches   of  which   are   of 
tolerably  uniform  size,  though  not  all  strictly  equal  ;  and  thus  they 
do  not  divide  into  smaller  branches  like  the  arteries,  or  unite  into 


Fig.    115. 
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Capillary  Blood- 
w  THE  Web  of  a 
Frog's  Foot  as  seen  with  the 
Microscope  (after  Allen  Thom- 
son). 

The  arrows  indicate  the  course 
of  the  blood. 
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"larger  ones  like  the  veins  ;  but  the  diameter  of  the  tubes,  as  well  as 
the  shape  and  size  of  the  reticular  meshes  which  they  form,  differs 
in  different  textures.  Their  prevalent  size  in  the  human  body  may, 
speaking-  generally,  be  stated  at  from  -j-ioo  to  -^-^\^  of  an  inch,  as 
measured  when  naturally  filled  with  blood.  But  they  are  said  to  be 
in  some  parts  considerably  smaller,  and  in  others  larger  than  this 
standard :  thus,  Weber  has  measured  injected  capillaries  in  the 
brain,  which  he  found  to  be  not  wider  than  ttoo  of  an  inch,  and 
Henle  has  observed  some  still  smaller, — in  both  cases  apparently 
smaller  than  the  natural  diameter  of  the  blood-corpuscles.  The 
capillaries,  however,  when  deprived  of  blood,  probably  shrink  in 
calibre  immediately  after  death ;  and  this  consideration,  together 
with  the  fact  that  their  distension  by  artificial  injection  may  exceed 
or  fall  short  of  what  is  natural,  should  make  us  hesitate  on  such 
evidence  to  admit  the  existence  of  vessels  incapable  of  receiving  the  red 
particles  of  the  blood.  The  diameter  of  the  capillaries  of  the  marrow, 
or  of  the  medullary  membrane,  is  stated  as  high  as  ttVo  of  an  inch. 
In  other  parts,  their  size  varies  between  these  extremes  :  it  is  small  in 
the  lungs,  small  also  in  muscle  ;  larger  in  the  skin  and  mucous  mem- 
branes. The  extreme  branches  of  the  arteries  and  the  commencing  veins 
in  certain  parts  of  the  synovial  membranes  are  connected  by  capillary 
loops,  which  are  considerably  dilated  at  their  point  of  flexure. 

There  are  differences  also  in  the  size  or  width  of  the  meshes  of  the 
capillary  network  in  different  parts,  and  consequently  in  the  number  of 
vessels  distributed  in  a  given  space,  and  the  amount  of  blood  supplied 
to  the  tissue.  The  network  is  very  close  in  the  lungs  and  in  the  choroid 
coat  of  the  eye,  close  also  in  muscle,  in  the  skin,  and  in  most  mucous 


Fi-.  116. 


Fig.  117. 


Fig.  116. — Injected  Capillary  A'essels   of  Muscle,   seen  with  a  low  magniftincj 

POWER. 

Fig.  117. — Network  op  Capillary  Vessels  of  the  Air-Cells  of  the  Horse's  Lrifcj, 

magnified. 

a,   a,   capillaries  proceeding  from  b,   h,  terminal  branches  of  the  pulmonary  artery- 
after  Frey). 


membranes,  in  glands  and  secreting  structures,  and  in  the  grey  part 
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of  the  brain  and  spinal  cord.  On  the  other  hand,  it  has  wide  meshes 
and  comparatively  few  vessels  in  the  ligaments,  tendons,  and  otlier 
allied  textnres.  In  infants  and  young  persons,  the  tissues  are  more 
vascular  than  in  after-life  ;  growing  parts,  too,  are  more  abundantly 
supplied  with  vessels  than  those  which  are  stationary. 

The  figure  of  the  capillary  network  is  not  the  same  in  all  textures. 
In  many  cases  the  shape  of  the  meshes  seems  accommodated  to  the 
arrangement  of  the  elements  of  the  tissue  in  which  they  lie.  Thus  in 
muscle,  nerve,  and  tendon,  the  meshes  are  long  and  comparatively 
narrow,  and  run  conformably  with  the  fibres  and  fasciculi  of  these 
textures  (fig.  116).  In  other  parts  the  meshes  are  rounded  or  poly- 
gonal, with  no  one  dimension  greatly  predominating  (fig.  117).  In 
the  smaller-sized  papillge  of  the  skin  and  mucous  membranes,  the 
vessels  of  the  network  are  often  drawn  out  into  prominent  loops. 

Structure  of  the  Smaller-sized  Vessels  and  Capillaries. — The 
smallest  arteries  and  veins  pass  by  gradual  transition  into  the  capil- 
lary vessels,  and  their  finest  offsets  approach  very  near  to  these  in  struc- 
ture ;   they  may  therefore  be  con- 
veniently considered  together. 

The  wall  of  the  capillaries  proper 
is  formed  entirely  of  a  simple 
epithelioid  layer,  composed  of  flat- 
tened lanceolate  cells  joined  edge  to 
edge,  and  continuous  with  the  cor- 
responding layer  which  lines  the 
arteries  and  veins.  The  outlines  of 
the  cells  or  their  lines  of  junction 
one  with  another  may  be  made  ap- 
parent by  nitrate  of  silver  ;  after 
which  the  nuclei  may  be  brought 
into  view  by  logwood  or  carmine 
(fig.  118).  Commonly  there  are  not 
more  than  two  or  three  such  cells 
in  the  cross  section  of  a  capillary, 
but  there  may  be  four  or  five.  At 
the  points  of  junction  of  the  capil- 
laries the  cells  are  much  broader 
and  not  spindle-shaped,  but  radiate, 
with  tlu'ee  or  four  pointed  branches 
fitting  in  between  the  cells  of  the 
three  or  four  adjoining  vessels  which 
meet  at  the  spot  (fig.  118  c). 


Chrzonszcze'wsky. ) 


Tlie  outlines  of  tlie  cells  are  stained  by 
nitrate  of  silver. 


A  protrasion  of  processes  from  the  capillary  waU  has  been  observed,  not  only 
in  the  progress  of  development,  in  the  manner  to  be  afterwards  detailed,  bnt  also 
in  the  fully-developed  capillaries  of  the  frog's  hyaloid  membrane  (Strieker)  : 
for  this  and  other  reasons  the  cells  which  compose  these  vessels  are  regarded 
as  of  a  protoplasmic  nature. 

Branched  cells  of  the  surrounding  connective  tissue  are  sometimes  found  con- 
nected more  or  less  intimately  with  those  foiining  the  capillary  wall ;  this  is 
more  esiDecially  the  case  in  parts  which  are  pervaded  by  a  supporting  network  of 
retiform  connective  tissue,  such  as  the  substance  of  the  lymphatic  glands,  the 
solitary  and  agminated  intestinal  glands  and  adjacent  mucous  membrane, 
where  the  smaU  vessels  and  capillaries  may  even  obtain  a  continuous  covering 
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from  the  reticulatinof  processes  of  the  cells.    This  coating  has   been  named  by 
His,  the  adventitia  cajiillaris. 

In  vessels  one  or  two  degrees  larger  (small  arteries  and  veins),  there 
is  added  outside  the  epithelioid  layer  (fig.  119,  a,  a),  a  layer  of  plain 

Fig.  119. 


Hf 


Fig.   119. — A  Small   Artery  A,  and  vein  V,  from  the   Subcutaneous  Connective 
Tissue  of  the  Rat.     Treated  with  Nitrate  op  Silver.     175  Diameters. 

a,  a!,  epitheHoid  cells  with  6,  V,  their  nuclei  ;  on,  in,  transverse  markings  due  to 
staining  of  substance  between  the  muscular  fibre-cells ;  c,  c,  nuclei  of  connective  tissue 
corpuscles  attached  to  exterior  of  vessel. 

muscular  tissue,  in  form  of  the  usual  oblong  contractile  fibre-cells, 
"which  are  directed  across  the  length  of  the  vessel  (fig.  119,  m,  m). 
The  elongated  nuclei  of  these  cells  may  be  brought  into  view  by 
means  of  acetic  acid,  as  shown  in  fig.  120.  This  layer  corresponds 
with  the  middle  or  muscular  coat  of  the  arteries.  In  the  smallest 
vessels  in  which  it  appears  the  muscular  cells  are  few  and  apart^  and  a 
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single  long  cell  may  turn  spirally  round  the  tube  (Lister) ;  in  larger 
vessels,  especially  those  of  the  arterial  system,  they  are  of  course  more 
densely  laid  on.  Outside  the  muscular  coat  is  the  areolar  or  connectiye 
tissue  coat,  containing  fibres  and  connective  tissue  corpuscles,  with 
longitudinally  placed  nuclei. 

In  vessels  of  Jg  of  an  inch  in  diameter,  or  even  less,  the  elastic  layers 
of  the  inner  coat  may  be    discovered  (fig.    120,   a,    d),  in  the   form 

Fiff.  120. 


Kg.  120. — A  Small  Artery  A,  with  a  correspondins  vein  B,  treated  with  Acetic 
Acid,  and  magnified  350  Diameters  (after  Kolliker). 

a,  external  coat  witli  elongated  nnclei ;  $,  nuclei  of  the  transverse  muscular  tissue  of  the 
middle  coat  (when  seen  endwise,  as  at  the  sides  of  the  vessel,  their  outline  is  circular)  ; 
y,  nuclei  of  the  epithelium-cells  ;  5,  elastic  layers  of  the  inner  coat. 


generally  of  homogeneous  or  fenestrated  membrane,  more  rarely  of 
longitudinal  reticulating  elastic  fibres.  The  small  veins,  but  two  or 
three  removes  from  the  capillaries,  differ  from  arteries  of  corresponding 
size,  chiefly  in  the  inferior  development  of  their  muscular  tissue  ;  the 
lining  cells  of  the  arteries  also  are  very  much  longer  and  narrower  than 
those  of  the  veins.  These  differences,  as  well  as  the  comparative  size  of 
corresponding  vessels,  are  well  shown  in  the  accompanying  figures. 

Termination  of  Arteries.— The  only  known  termination  of  arteries  is  in  veins, 
and  this  takes  place  by  means  of  capillary  vessels  as  above  described,  unless  in 
the  maternal  pari;  of  the  placenta  and  in  the  interior  of  erectile  organs,  in  which 
it  has  been  supposed  that  small  ai-teries  open  into  wide  venous  cavities  Vvdthout 
the  intervention  of  capillaries.  Moreover,  in  the  spleen,  the  arterial  capillaries 
do  not  at  once  unite  into  the  commencements  of  the  veins,  but  open  into  the 
interstices  of  the  organ,  from  which  the  minute  veins  collect  the  blood. 

It  is  said  that  in  certain  pai-ts  small  arteries  may  pass  into  small  veins  "ndthout 
the  intervention  of  true  capillaries  (Sucquet,  Hoyer). 

N  2 
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Erectile,  or  cavernous  tissue. — By  this  term  is  -understood  a  peculiar  structure, 
forming  tlie  principal  part  of  certain  organs  which  are  capable  of  being  rendered 
turgid,  or  erected,  by  distension  Tvdth  blood.  It  consists  of  dilated  and  freely 
intercommunicating  branches  of  veins,  into  which  arteries  pom.-  their  blood, 
occiT^jying  the  areola3  of  a  network  fonned  by  fibrous,  elastic,  and  probably  con- 
tractile bands,  named  trabeculas,  and  enclosed  in  a  distensible  fibrous  envelope. 
This  peculiar  arrangement  of  the  blood-vessels  scarcely  deserves  to  be  regarded  as 
constituting  a  distinct  texture,  though  reckoned  as  such  by  some  writers  ;  it  is 
restricted  to  a  very  few  parts  of  the  body,  and  in  these  is  not  altogether  uniform 
in  character  ;  the  details  of  its  structure  will,  therefore,  be  considered  with  the 
special  description  of  the  organs  in  which  it  occurs. 
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The  first  vessels  which  appear  are  formed  within  the  ovum,  in  the 
germinal  membrane,  and  the  process  subsequently  goes  on  in  growing 
parts  of  the  animal  body.     New  vessels,  also,  are  formed  in  the  healing 

of  wounds    and   sores,   in 
Fig.  121.  the  organisation  of  eflFused 

lymph,  in  the  restoration  of 
lost  parts,  and  in  the  pro- 
duction of  adventitious 
growths.  The  process  is  in 
every  case  essentially  the 
same,  although  more  or  less 
modified  according  to  cir- 
cumstances. 

The  first  vessels  of  the 
embryo  chick,  those,  namely, 
which  produce  the  vascular 
area,  originate  fi'om  nu- 
cleated cells  belonging  to 
the  middle  germinal  layer. 
"Within  these  cells  vacuoles 
are  formed  and,  increasing 
in  size,  a  cavity  filled  with 
fluid  is  in  this  way  produced 
in  the  interior  of  the  cell 
(fig.  121,  a).  Blood-corpus- 
cles (d)  are  found  at  an  early  period  within  the  cavity  :  the  mode  in 
which  they  become  developed  has  been  already  described  (p.  41).  The 
cells,  whilst  these  changes  are  going  on,  increase  largely  in  size  so  as  to 
form  vesicles,  visible  to  the  naked  eye  as  minute  reddish  specks,  which 
have  been  known  since  the  time  of  Pander  as  "  blood-islands."  They 
are  at  first  isolated,  as  the  name  implies,  but  after  a  time  send  out  pro- 
cesses which  unite  with  those  of  neighbouring  cells,  and  the  cavities 
becoming  extended  into  these  processes  a  network  of  vessels  is  by 
this  means  produced.* 

The  \vall(&)  of  these  primary  vessels  is  therefore  composed  at  first 
merely  of  the  protoplasm  of  the  original  embryonic  cells  with  a  few 

We  are  here  mainly  folio-wing  Klein's  description  (Wiener  Sitznngsb.,  Ixiv.  1870), 
but  according  to  the  more  recent  accoimt  given  by  Balfour  (Quarterly  Journal  of 
Micioscopic  Science,  July,  1873),  the  cells  first  unite  by  means  of  processes  into  a  proto- 
plasmic net-work,  -within  the  substance  of  -which,  by  the  multiplication  of  the  cell-nuclei, 
blood-corpuscles  subsequently  become  developed. 


Fig.  121. — Cells  from  Middle  Later  op  Chick's 
Elastoderm  undergoing  development  into 
Blood-Vessels.     Magnified. 

cZ,  blood-corpuscles  (from  Klein). 
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nuclei,  derived  by  division  from  the  original  nuclei  of  those  cells, 
imbedded  in  it  here  and  there.  Subsequently  the  protoplasm  spreads 
cut  and  becomes  differentiated  around  the  nuclei  into  the  flattened  cells 
vrhich  compose  the  v?all  of  the  capillaries,  and  which  form  the  lining 
membrane  of  the  arteries  and  veins.  The  remaining  coats  of  the  larger 
vessels  are  developed  later  from  cells  which  come  to  apply  themselves  to 
the  exterior  of  the  previously  simple  tubes  and  produce  the  plain 
muscular  and  other  tissues  of  which  those  coats  consist. 

The  process  of  formation  of  the  blood-vessels  has  not  been  so  com- 
pletely traced  within  the  body  of  the  embryo  chick,  but  there  is  no 
doubt  that  it  is  in  all  respects  similar.  In  mammalia  they  are  pro- 
duced in  like  manner  from  vacuolated  cells  belonging  to  the  con- 
nective tissue.  The  most  favourable  object  for  the  study  of  the 
development  of  the  blood-vessels  and  their  contained  blood-corpuscles 
is  afforded  by  the  subcutaneous  tissue  of  the  new-born  rat,  especially 
those  parts  in  which  fat  is  being  deposited. 

Here  we  observe  that  many  of  the  connective  tissue  corpuscles 
are  excessively  vacuolated  (fig.  122,  v),  and  the  protoplasm  of  some 

Fig.  122. 


Fig.  122. — Developjient  op  Blood-vessels  and  Blood-Corpuscles  in  the  Connective 
Tissue.  Froji  the  Subcutaneous  Tissue  of  the  new-born  Rat,  examined  in 
Salt-solution  (^  per  cent.),  and  magnified  about  350  Diameters. 

n,  n',  n",  n'",  cells  containing  blood-corpuscles  in  various  stages  of  development  ;  in 
n"",  the  reddish  matter  is  mainly  in  two  large  roundish  ill-defined  patches  ;  in  oi,  the 
hsemoglobin  globules  are  of  nearly  equal  size,  and  fill  the  cell  ;  a  little  above  this  cell 
another  is  seen  with  three  such  globules  ;  the  nucleus  is  also  apparent  ;  n',  and  n", 
exhibit  in  addition  a  number  of  vacuoles  ;  v,  vacuolated  cell  without  blood  cori^uscles, 
applied  to  another  cell  the  vacuoles  of  which  have  united  to  form  a  cavity  in  which  two 
fully-developed  corpuscles  are  observed  ;  this  cell  is  joined  to  the  end  of  the  developing 
capillary  vessel  c' ;  c,  portion  of  a  fully-developed  capillary  ;  /,  /',  cells  in  which  fat  is 
being  deposited  ;  another  is  seen  to  the  right  of  the  capillary,  between  it  and  fbr,  fibril- 
lated  cell  of  the  connective  tissue  ;  g,  granular  connective  tissue  corpuscle  ;  I,  leucocyte. 


of  them  presents  a  decided  reddish  tinge.     In  others  the  red  matter 
has  become  condensed  in  the  form  of  globules  within  the  cells  {)i,  n. 
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&c.),  varying  in  size  from  minute  specks  to  spheroids  of  the  diameter 
of  a  blood-corpuscle,  or  more.  At  some  parts  the  tissue  is  completely 
studded  with  these  cells,  each  containing  a  number  of  such  spheroids, 
and  forming,  as  it  were,  "  nests  "  of  blood-corpuscles  or  minute  "  blood- 
islands."  After  a  time  the  cells,  previously  rounded,  become  elongated 
and  pointed  at  their  ends,  sending  out  processes  also  to  unite  with 

neighbourinsr  cells.   At  the  same 


Fig.  123. 


Fig.  123. — Capillary  Blood-Vessels  op 
THE  Tail  of  a  very  Young  Frog  Larva, 
MAGNIFIED  350  DiAiiETERS  (after  K61- 
liker). 

a,  capillaries  permeable  to  blood ;  5, 
granules,  attached  to  the  walls  of  the  vessels 
and  concealing  nuclei ;  c,  hollow  prolongation 
of  a  capillary,  ending  in  a  point  ;  d,  a 
branched  cell,  containing  a  nucleus  and 
granules,  and  communicating  by  three 
branches  with  prolongations  of  capillaiies 
already  formed  ;  e,  blood -corpuscles. 

pervious  and  gradually  widen,  blood 
begins  to  pass  through,  them,  and  the  capillary  network  acquires  a  tolerably 
uniform  calibre.    The  original  vascular  network  may  become  closer  by  the  forma- 

*  A  formation  of  blood-corpuscles  and  vessels  from  cartUage-ceUs  has  been  described 
by  Heitzmann  as  occurring  in  ossifying  cartilage. 


time  the  vacuoles  in  their  interior 
become  enlarged,  and  coalesce  to 
form  a  cavity  within  the  cell,  in 
which  the  reddish  globules,  which 
are  now  becoming  disk-shaped, 
are  found.  Finally  the  cavity 
extends  through  the  cell  processes 
into  those  of  neighbouring  cells 
and  into  those  sent  out  from  pre- 
existing capillaries  {c).  Young 
capillaries  do  not  exliibit  the 
well-known  silver  lines  when 
treated  with  that  reagent,  for  the 
differentiation  of  the  hollowed 
cells  and  cell-processes  into  flat- 
tened cellular  elements  is  usually 
a  subsequent  process. 

The  mode  of  extension  of  the 
vascular  system  in  growing  parts, 
as  well  as  in  pathological  new 
formations,  is  quite  similar  to 
that  here  described,  except  that 
blood-corpuscles  are  not  as  a 
rule  previously  developed  within 
the  cells  which  are  to  form  the 
blood-vessels.* 

In  the  tail  of  batracliian  larvse  the 
process  has  long  been  studied  and  is 
represented  in  the  adjoining  figure 
(fig.  123)  by  KoUiker,  in  which  the 
processes  of  a  stellate  cell  are  seen  to 
meet  and  join  A^dth  similar  pointed 
processes  which  shoot  out  from  the 
sides  of  neighbouring-  capillary  vessels, 
and  in  this  manner  the  new  vessels 
are  adopted  into  the  existing  system. 
The  junctions  of  the  cells  with  each 
other  or  with  capUlary  vessels  are,  at 
first,  of  great  tenuity,  and  contrast 
strongly  with  the  central  and  wider 
parts  of  the  cells  ;  they  appear  then  to 
be  solid,  but  they  afterwards  become 
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tion  of  new  vessels  in  its  interstices,  and  this  is  effected  by  similarly  metamor- 
phosed cells,  arising  in  the  areolae  and  joiaing  at  various  points  with  the 
surrounding  vessels,  and  also  simply  by  pointed  offshoots  from  the  existing 
capillaries  stretching  across  the  intervals  and  meeting  from  opposite  sides,  so  as 
when  enlarged  to  form  new  connecting  arches. 

The  blood-vessels  may  be  said  to  increase  in  size  and  capacity  in  proportion  to 
the  demands  made  on  their  service.  Thus,  as  the  uterus  enlarges  in  pregnancy, 
its  vessels  become  enlarged,  and  when  the  main  artery  of  a  limb  is  tied,  or 
otherwise  permanently  obstructed,  collateral  branches,  origiaally  small  and  insig- 
nificant, augment  greatly  in  size,  to  afford  passage  to  the  increased  share  of  blood 
which  they  are  requii'ed  to  transmit,  and  by  this  admirable  adaptation  of  them 
to  the  exigency,  the  circulation  is  restored.  In  such  cases,  an  increase  takes  place 
in  length,  as  weU  as  tu  diameter,  and  accordingly  the  vessels  very  commonly 
become  tortuoxis. 


LYMPHATIC     SYSTEM. 

Under  this  head  we  include  not  only  the  vessels  specially  called 
lymphatics  or  absorbents,  together  with  the  glands  belonging  to  them, 
but  also  those  named  lacteal  or  chyliferous,  which  form  part  of  the  same 
system,  and  differ  in  no  respect  from  the  former,  save  that  they  not 
only  carry  lymph  like  the  rest,  but  are  also  employed  to  take  up  the 
chyle  from  the  intestines  during  the  process  of  digestion  and  convey  it 
into  the  blood.  An  introductory  outline  of  the  lymphatic  system  has 
already  been  given  at  page  37. 

A  system  of  lymphatic  vessels  is  superadded  to  the  sanguiferous  in 
all  classes  of  vertebrated  animals,  but  such  is  not  the  case  in  the  inver- 
tebrata;  in  many  of  these,  the  sanguiferous  vessels  convey  a  colourless 
or  nearly  colourless  blood,  but  no  additional  class  of  vessels  is  provided 
for  conveying  lymph  or  chyle,  at  least  none  such  has  hitherto  been 
detected. 

Distribution. — In  man  and  those  animals  in  which  they  are  present, 
the  lymphatic  vessels  are  found  in  nearly  all  the  textures  and  organs 
which  receive  blood  ;  the  exceptions  are  few,  and  with  the  progress  of 
discovery  may  yet  possibly  disappear.  It  is,  however,  with  the  con- 
nective tissue  of  the  several  textures  and  organs  that  the  lymphatics 
are  most  intimately  associated ;  indeed,  as  we  shall  immediately  have 
occasion  to  notice,  these  vessels  may  be  said  to  take  origin  in  spaces  in 
that  tissue.  The  larger  lymphatic  trunks  usually  accompany  the 
deeply-seated  blood-vessels ;  they  convey  the  lymph  from  the  plexuses 
or  sinuses  of  origin  towards  the  thoracic  duct.  The  principal  lymph- 
atic vessels  of  a  part  exceed  the  veins  in  number  but  fall  short  of  them 
in  size;  they  also  anastomose  or  intercommunicate  much  more  fre- 
quently than  the  veins  alongside  of  which  they  run. 

It  not  unfrequently  happens  that  a  lymphatic  vessel  may  ensheath  an 
artery  or  vein  either  partially  or  wholly.  In  the  latter  case  the  lymph- 
atic is  termed  "  perivascular." 

Origin. — Two  modes  of  origin  of  lymphatic  vessels  are  described, 
-iiz.,  the  jjlexiform  and  the  lacunar. 

Plexiform.  In  this  mode  of  origin,  which  is  by  far  the  most  general, 
and  is  met  with  in  its  most  typical  form  on  the  sm'face  of  aponeurotic 
structures  such  as  the  central  tendon  of  the  diaphragm  (fig.  124),  the 
vessels  begin  in  form  of  irregular  networks  or  plexuses  which  are  at 
various  points  in  connection  with  the  cell-spaces  of  the  connective 
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tissuo  in  -vvhicli  they  lie.  The  manner  of  this  connection  v^iW  be 
more  fully  considered  after  the  structure  of  these  "  lymphatic  capil- 
laries "  (as  the  vessels  forming  the  plexuses  of  origin  are  termed)  has 


Fig.  124. 


Fig.  124.— Lymphatic  PLEXug  of  Central  Tendon  op  Diaphragm  op  Rabbit,  Pleural 
Side  (Klein).     Magnified. 

a,  iii-ger  vessels  with  lanceolate  cells  and  numerous  valves  ;  h,  c,  lymphatics  of  origin, 
with  wavy-bordered  cells.     Here  and  there  an  isolated  patch  of  similar  cells. 

been  explained.     Oat  of  these  plexuses  larger  vessels  emerge  at  various 
points  and  proceed  to  enter  lymphatic  glands  or  to  form  larger  lym- 
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phatic  trunks.     In  certain  structures,  such  as  the  skin,  the  plexuses 

consist  of  several  strata,  becoming  finer  as  they  approach  the  surface, 

in  respect  both  of  the  calibre  of  the  vessels  and  the  closeness  of  their 

reticulation,  as  is  shown  in  figure  125.      But  even  the  most  superficial 

and  finest  network   is  composed  of  vessels 

which    are    larger    than  the    sanguiferous  Fig-  125. 

capillaries. 

The  short  anastomosing  branches  of  these 
plexuses  are  often  of  very  unequal  size,  even  in 
the  same  stratum,  some  being  dilated  and 
almost  saccular,  whilst  others  immediately 
communicating  with  these  are  narrow,  so 
that  the  network  may  assume  a  varicose 
character  (see  fig.  124).  In  some  situations 
the  plexuses  have  much  the  appearance  of    ^.    ,„„     ^  „ 
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strata  of  intercommunicatmg  cavities,  and  a  '^^^  ^^^  ^^^^  ^^  ^-^^ 
characteristic  example  of  this  appearance  is  Breast  injected  (after 
afforded  by  the  intestine  of  the  turtle  after  Breschet). 
its  lymphatics  have  been  injected  with  mer-  ^^  superficial,  and  b,  deeper 
cury  ;  these  vessels  are  then  seen  to  emerge  plexus ;  c,  a  lymphatic  vessel, 
from  what  has  all  the  appearance  of  a  dense  which  proceeded  to  the  axil- 
stratum  of  small  rounded  saccules  filled  lary  glands. 
with  mercury  and  lying  beneath  the  surface  of 

the  mucous  coat.    This  appearance,  however,  is  produced  by  the  short 
distended  branches  of  a  very  close  lymphatic  network. 

Here  and  there  vessels  are  seen  joining  the  plexuses  of  origin  which 
arise  in  the  tissue  by  a  blind  and  often  irregular  extremity.  A  long- 
known  and  well-marked  example  of  such  a  mode  of  commencement  is  to 
be  found  in  the  lacteals  of  the  intestinal  villi,  which,  although  they  form 
networks  in  the  larger  and  broader  villi,  arise  in  others  by  a  single 
vessel  beginning  with  a  blind  or  closed  extremity  at  the  fi'ee  end  of  the 
villus,  whence  it  sinks  down  to  join  the  general  plexus  of  the  intestinal 
membrane. 

Lacimar. — In  the  lacunar  mode  of  origin  of  the  lymphatics,  which 
was  shown  to  exist  in  the  testis  by  Ludwig  and  Tomsa,  and  has  since 
been  described  in  some  other  glandular  organs,  the  lymphatic  vessels 
proceed  from  irregular  or  shapeless  spaces  in  the  internal  parts  ;  the 
spaces,  that  is,  which  intervene  between  the  several  structures  of  which 
the  organ  is  composed.  Thus,  in  a  gland,  they  are  the  spaces  which 
lie  between  or  surround  the  blood-vessels,  secreting  tubes  or  saccules, 
partitioning  or  inclosing  membranes,  and  the  like.  Though  shapeless, 
or  at  least  of  no  regular  form,  these  anfractuous  cavities  are  limited  and 
defined  by  a  layer  of  flattened  epithelioid  cells,  agreeing  in  character 
with  those  of  the  lymphatic  vessels.  It  may  be  presumed  that  their 
opposite  sides  are  in  apposition  or  in  near  proximity,  as  in  serous  mem- 
branes, for  the  lymph  deposited  in  these  recesses  is  not  suffered  to 
accumulate,  but  is  drained  off  by  the  lymphatic  vessels  which  lead  out 
of  them. 

Indeed,  as  will  be  pointed  out  further  on,  the  serous  cavities  them- 
selves may  in  a  certain  sense  be  looked  upon  as  large  lymph  lacunae, 
for  it  has  been  shown  that  in  various  parts  they  communicate  directly 
with  lymphatics  by  means  of  definite  apertures. 

In  some  of  the  lower  animals  the  lacunar  condition  of  lymphatics  has  been 
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lOnger  known.  Rtisconi  found  that  the  aorta  and  mesenteric  arteries  of  amphibian 
reptiles  are  inclosed  in  large  Ijanphatic  spaces.  Johannes  Midler  recognised  the 
spaces  which  so  extensively  separate  the  frog's  skin  from  the  subjacent  muscles 
as  belonging  to  the  lymphatic  system,  and  Von  Recklinghausen  has  shown  that 
the  subcutaneous  lymph-spaces  of  the  frog's  leg  communicate  with  lymphatic 
vessels  which  envelope  the  blood-vessels  of  the  foot  ;  also  that  milk  injected  into 
these  spaces  finds  its  way  into  the  blood.  The  lymphatic  system,  in  being  thus 
partly  constituted  by  lacunse  or  insterstitial  receptacles,  so  far  agrees  with  the 
sanguiferous  system  of  crustaceans  and  insects. 

It  has  been  sometimes  maintained  that  the  lymphatics  of  glandular  organs 
communicate  at  their  origin  with  the  ducts  ;  but,  although  it  is  no  uncommon 
thing  for  matters  artificially  uijected  into  the  ducts  of  glands,  as,  for  instance, 
those  of  the  liver  and  testicle,  to  pass  into  the  lymphatics,  a  careful  examination 
of  such  cases  leads  to  the  conclusion  that  the  injected  material  does  not  find  its 
way  fi-om  the  ducts  into  the  lymphatics  by  any  naturally  existing  communication, 
but  by  accidental  mptui-e  of  contig-uous  walls  of  the  two  classes  of  vessels. 

Structure. — In  structure  the  larger  lymphatic  vessels  much  resemble 
the  veins,  ouly  their  coats  are  thinner,  so  thin  and  transparent  indeed 
that  the  contained  fluid  can  be  readily  seen  through  them.  When 
lymphatics  have  passed  out  from  the  commencing  plexuses  and  lacunae, 
they  are  found  to  have  three  coats.  The  internal  coat  is  covered  with 
an  epithelioid  lining,  consisting  of  a  single  layer  of  flattened  nucleated 
cells,  which  have  mostly  an  oblong  or  lanceolate  figure,  with  an  indented 
or  bluntly  serrated  border,  by  Avhich  the  adjacent  cells  fit  to  each  other 
(fig.  124,  a).  Beneath  the  epithelioid  layer  .the  innei  coat  is  formed  of 
a  layer  or  layers  of  longitudinal  elastic  fibres.  The  middle  coat  consists 
of  plain  muscular  tissue  disposed  circularly,  mixed  with  finely  reticu- 
lating elastic  fibres  taking  the  same  direction.  The  external  coat  is 
composed  mainly  of  white  connective  tissue  with  a  sparing  intermix- 
ture of  longitudinal  elastic  fibres,  and  some  longitudinal  and  oblique 
bundles  of  plain  muscular  tissue.  In  the  thoracic  duct  there  is  a 
subepithelial  layer  (as  in  the  arteries) ;  and  in  the  middle  coat  there 
is  a  longitudinal  layer  of  white  connective  tissue  with  elastic  fibres, 
immediately  within  the  muscular  layer. 

The  larger  lymphatics  receive  vasa  vasorum,  which  ramify  in  their 
outer  and  middle  coats  :  nerves  distributed  to  them  have  not  yet  been 
discovered,  although  their  existence  is  inferred  on  physiological  grounds. 

That  the  lymphatics  are  endowed  with  vital  contractility  is  shown  by 
the  effect  of  mechanical  irritation  applied  to  the  thoracic  duct,  as  well 
as  by  the  general  shrinking  and  emptying  of  the  lacteal  and  lymphatic 
vessels  on  their  exposure  to  the  contact  of  cold  air,  in  the  bodies  of 
animals  opened  immediately  after  death. 

The  commencing  lymphatics  or  "  lymphatics  of  origin,"  whether  in 
plexuses  or  single  (as  in  the  villi),  have  a  much  simpler  structure,  their 
wall  being  entirely  formed  of  a  layer  of  flattened  epithelioid  cells  either 
similar  in  form  to  those  lining  the  larger  vessels  or  (more  frequently) 
presenting  a  characteristic  waved  border  like  the  epidermic  cells  of 
grasses  and  some  other  plants  (figs.  124,  l,  126,  a).  The  outlines  of 
the  cells  are  brought  into  view  by  staining  with  nitrate  of  silver,  after 
which  the  nuclei  may  be  made  to  appear  by  means  of  carmine  or 
h^ematoxylin. 

Sielation  of  the  lymphatics  of  origin  to  the  cells  and  cell-spaces 
of  the  connective  tissue. — It  has  been  already  stated  (p.  57)  that 
the  cells  of  the  connective  tissue  lie  in  spaces  in  the  ground-substance 
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which  they  more  or  less  completely  fill.  These  cells  and  cell-spaces 
form  in  many  parts  an  intercommunicating  network  of  varying  fineness 
extending  throughout  the  substance  of  the  tissue  (fig.  126,  d,  d),  whilst 


Fig.  126. 


Fig.  126. — Nitrate  of  Silver  peeparation  Fsoii  Kabbit's  Omentuii  (Klein). 

Magnified. 

a,  Lymphatic  vessel  ;  h,  artery ;  c,  capillaries  ;  d,  branclied  cells  of  the  tissue  which 
are  seen  to  be  connected  both  with  the  capillary  walls,  and,  as  at  e,  with  the  lymphatic. 

in  other  parts  the  cells  acquire  a  broad  flattened  form,  and  joining  edge  to 
edge  with  other  similar  cells  may  in  this  way  form  an  epithelioid  patch 
in  the  ground-substance.  Not  unfrequently  the  cells  in  such  a  patch 
take  on  the  wavy  border  described  above  as  met  with  in  the  lymphatics 
of  origin  (see  fig.  124).  Further,  the  flattened  cells  which  form  the 
walls  of  the  latter  vessels  are  connected  here  and  there  both  with  the 
more  isolated  cells  of  the  tissue  (fig.  126  e)  and  with  those  which  form 
the  epithelioid  patches,  and  in  silvered  preparations  they  appear  to  be 
continuous  with  one  another.  The  epithelioid  patches  look  in  fact 
like  a  part  of  the  lymphatic,  and  are  commonly  regarded  as  such :  it 
must  be  understood,  however,  that  the  spaces  here  spoken  of,  whether 
containing  single  cells  or  groups,  are  not  true  vessels,  but  merely  vacui- 
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ties  in  the  ground-substance  of  the  tissue  containing  flattened  cells, 
which  do  not  form  a  continuous  vascular  wall.  And  although  the 
spaces  present  a  very  close  relation  to  the  lymphatic  vessels,  they  can 
hardly  be  considered  as  actually  opening  into  them  by  patent  orifices, 
for  the  lymphatics  proper  have  a  complete  wall  of  flattened  cells 
united  by  a  small  amount  of  intercellular  substance  :  at  the  same  time 
this  thin  film  can  offer  but  a  very  slight  resistance  to  the  passage  of 
fluid  from  the  tissue  into  the  vessel,  or  even  to  the  passage  of  leuco- 
cytes or  migrating  cells,  which,  as  is  well  known,  penetrate  the  at  least 
equally  closed  wall  of  the  blood-vessels. 

It  has  been  a  question  whether  the  cell-spaces  of  the  connective  tissue  are  in 
every  case  and  completely  filled  by  the  cells,  or  whether  they  (the  spaces)  may 
in  some  cases  be  either  devoid  of  ceUs  altogether,  or  but  partially  occupied  by 
them  :  so  that  room  is  left  for  the  free  passage  of  fluid.  On  this  point  we  would 
remark  that  in  many  cases  it  is  impossible  to  observe  a  difference  between  the 
forms  of  the  cclh  as  shown  by  the  gold  method,  and  those  of  the  sjuiccs  as  shown 
by  treatment  with  solution  of  nitrate  of  silver,  so  that  in  these,  at  least,  no  open 
lymph-passage  can  be  said  to  exist ;  but  in  other  cases  the  spaces  are  relatively 
larger,  and  here,  no  doubt,  the  part  unoccupied  by  the  contained  cell  may  be  filled 
by  fluid.  In  cedematous  conditions  of  the  tissue,  the  cell-spaces  become  somewhat 
distended  with  serous  fluid,  and  then  in  all  cases  they  appear  distinctly  larger  than 
tlie  cells.  So  that  we  may  conclude  that  the  so-called  saft-canalchen-  or  lymphatic- 
canalicular-system  is  in  many  cases  rather  potential  than  actual ;  that  is,  where 
the  saft-canalchen  or  lymphatic  canaliculi  (which  correspond  with  the  ceU-spaces) 
are  completely  filled  by  protoplasmic  cells.  Still,  lymph  can  readily  find  its  way 
between  the  cells  and  the  ground-substance  by  which  they  are  closely  sur- 
rounded. In  other  cases  the  cells  incompletely  fiU  the  cavities,  so  as  to  leave  a 
freer  passage  for  both  fluid  and  migratory  corpuscles. 

Valves.— The  lymphatic  and  lacteal  vessels  are  furnished  with 
valves  serving  the  same  oflice  as  those  of  the  veins,  and  for  the  most 
part  constructed  after  the  same  fashion.  They  generally  consist  of  two 
semilunar  folds  arranged  in  the  same  way  as  in  the  valves  of  veins 
already  described,  but  deviations  from  the  usual  structure  here  and 
there  occur. 

Valves  are  not  present  in  all  lymphatics,  but  where  they  exist  they 
follow  one  another  at  much  shorter  intervals  than  those  of  the  veins, 
and  give  to  the  lymphatics,  when  much  distended,  a  beaded  or  jointed 
appearance.  Valves  are  placed  at  the  entrance  of  the  lymphatic  trunks 
into  the  great  veins  of  the  neck.  They  are  generally  wanting  in  the 
reticularly  arranged  vessels  which  compose  the  plexuses  of  origin 
already  spoken  of  ;  so  that  fluid  injected  into  one  of  these  vessels  runs 
in  all  directions,  so  as  to  fill  a  greater  or  a  less  extent  of  the  plexus, 
and  passes  along  the  separate  vessels  which  issue  from  it. 

The  lymphatics  of  fish  and  naked  amphibia  are,  generally  speaking, 
destitute  of  valves,  and  may  therefore  be  injected  from  the  trunks  ;  in 
the  turtle  a  few  valves  are  seen  on  the  larger  lacteals  which  pass  along 
the  mesentery,  but  none  on  those  upon  the  coats  of  the  intestine  ;  and 
valves  are  much  less  numerous  in  the  lymphatics  and  lacteals  of  birds 
than  in  those  of  mammiferous  animals. 

Orifices. — It  was  at  one  time  a  prevalent  opinion  among  anatomists 
that  the  lymphatic  and  lacteal  vessels  begin  on  various  surfaces  by 
open  mouths,  through  which  extraneous  matters  are  absorbed.  This 
was  especially  insisted  on  as  regards  the  commencing  lacteals  in  the 
intestinal  villi.      That  opinion  has  been  since  given  up  ;   but   more 
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recently  satisfactoiy  evidence  of  openings  in  the  lymphatics  on  the  sur- 
face of  the  serous  membranes  has  been  obtained.  Recklinghausen 
stretched  the  tendinous  centre  of  the  diaphragm,  excised  from  a 
rabbit,  over  a  ring  of  cork,  covered  it  with  a  film  of  milk,  and  then, 
watching  it  with  the  microscope,  saw  the  milk-globules  at  various 
points  drawn  down  as  if  in  a  vortex,  and  disappearing.      He  then 


Fig.   127. — Small  portion  op  Peritoneal  Stjrvace  of  Diaphragm  of  Rabbit  (Klein). 

ilAS^'IFIED. 

I,  lymph  channel  below  the  surface,  lying  between  tendon  bundles,  t,  t,  and  over  which 
the  surface-cells  are  seen  to  be  relatively  smaller,  and  to  exliibit  five  stomata,  S,  S', 
leading  into  the  lymphatic.  The  epithelioid  cells  of  the  IjTnphatic  channel  are  not 
represented. 


found  they  had  passed  into  the  lymphatics  of  the  peritoneal  covering  of 
the  diaphragm,  by  small  openings,  not  more  than  twice  the  diameter  of 
a  blood-corpuscle,  over  which  the  epithelioid  layer  of  the  peritoneum 
was  similarly  perforated.  Observations  in  confirmation  of  these  were 
made  in  the  Physiological  Institute  of  Leipsic,  under  the  direction 
of  Professor  Ludwig,  by  Dybkowski,  who  found  apertures  (answer- 
ing very  nearly  to  those  described  by  von  Recklinghausen)  on  the 
dog's  pleura,  by  Avhich  the  superficial  lymphatics  open  on  the  surface 
of  the  membrane ;  he  also  found  that  fine  particles  of  colouring 
matter  could,  under  certain  conditions,  be  made  to  pass  from  the 
cavity  of  the  pleura  into  the  lymphatics,  and  apparently  by  the  open- 
ings in  question.  Similar  communications  were  found  by  Schweigger- 
Seidel  and  Dogiel  between  the  frog's  peritoneum  and  the  great  lymph- 
sac  (cisterna  magna)  behind  it. 

These  apertures,  or  stomata,  have  been  more  recently  investi- 
gated by  Klein,*  who  has  further  found  them  in  the  omentum  of 
mammals.      They    are    surrounded    by    a    ring    of    small    granular 

*  The  Lymphatic  System,  Part  I.  :  The  Anatomy  of  Serous  Membranes.  London,  1873. 
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cubical  cells,  and  the  larger  flattened  epithelioid  cells  of  the 
serous  membrane  are  arranged  in  a  somewhat  radiated  manner  in  the 
neighbourhood  of  the  orifice.  When  the  lymphatic  is  superficial,  it 
may  communicate  directly  with  the  surface  of  the  membrane ;  in  other 
cases  a  short  straight  canal,  lined  with  cells  similar  to  those  bounding 
the  orifice,  leads  from  the  vessel  to  the  surface.  A  curious  fact  has 
been  pointed  out  by  the  same  observer,  viz.,  that  in  female  fi'ogs  and 
toads  the  cells  lining  these  short  lymphatic  canals  are  furnished  with 
vibratile  cilia. 

Termination. — The  absorbent  system  discharges  its  contents  into 
the  veins  at  two  points,  namely,  at  the  junction  of  the  subclavian  and 
internal  jugular  veins  of  the  left  side  by  the  thoracic  duct,  and  at 
the  corresponding  part  of  the  veins  of  the  right  side  by  the  right 
lymphatic  trunk.  The  openings,  as  already  remarked,  are  guarded 
by  valves.  It  sometimes  happens  that  the  thoracic  duct  divides,  near 
its  termination,  into  two  or  three  short  branches,  which  open  separately, 
but  near  each  other  ;  more  rarely,  a  branch  opens  into  the  vena 
azygos — indeed  the  main  vessel  has  been  seen  terminating  in  that 
vein.  Again  it  is  not  uncommon  for  larger  branches,  which  usually 
join  the  thoracic  duct,  to  open  independently  in  the  vicinity  of  the 
main  termination  ;  and  this  is  more  apt  to  happen  with  the  branches 
which  usually  unite  to  form  the  right  lymphatic  trunk.  By  such 
variations  the  terminations  in  the  great  veins  are  multiplied,  but  still 
they  are  confined  in  man  to  the  region  of  the  neck  ;  in  birds,  reptiles, 
and  fish,  on  the  other  hand,  communications  take  place  between  the 
lymphatics  of  the  pelvis,  posterior  extremities  and  tail,  and  the  sciatic 
or  other  considerable  veins  of  the  abdomen  or  pelvis. 

The  alleged  terminations  of  lymphatics  in  various  veins  of  the  abdomen,  de- 
scribed by  Lippi  as  occurring  in  man  and  mammalia,  have  not  been  met  with  by 
those  who  have  since  been  most  engaged  in  the  prosecution  of  this  department 
of  anatomical  research,  and  accordingly  his  observations  have  generally  been 
either  rejected  as  erroneous,  or  held  to  refer  to  deviations  from  the  normal ' 
condition.  Nuhn,  of  Heidelberg,  affirms  the  regular  existence  of  these  abdo- 
minal terminations,  and  refers  to  three  instances  which  he  met  with  himself. 
In  two  of  these  the  lymphatics  opened  into  the  renal  veins,  and  in  the  other 
into  the  vena  cava.* 

Lympliatic  hearts. — Miiller  and  Panizza,  nearly  about  the  same  time,  but  in- 
dependently of  each  other,  discovered  that  the  lyniphatic  system  of  reptiles  is 
furnished,  at  its  principal  terminations  in  the  venous  system,  with  pulsatile 
muscular  sacs,  which  serve  to  discharge  the  lymph  into  the  veins.  These  organs, 
which  are  named  lymph-hearts,  have  now  been  found  in  all  the  different  orders 
of  reptiles.  In  frogs  and  toads  two  pairs  have  been  discovered,  a  posterior 
pair,  situated  in  the  sciatic  region,  which  pour  their  lymph  into  a  branch  of  the 
sciatic  or  of  some  other  neighbouring  vein,  and  an  anterior  more  deeply-seated 
pair,  placed  over  the  transverse  process  of  the  third  vertebra,  and  opening  into 
a  branch  of  the  jugular  vein.  The  parietes  of  these  sacs  are  thin  and  trans- 
parent, but  contain  muscular  tissue,  which  here  and  there  appears  obscurely 
striated,  decussating  in  different  layers,  as  in  the  blood-heart.  In  their  pulsations 
they  are  quite  independent  of  the  latter  organ,  and  are  not  even  synchronous 
with  each  other.  In  salamanders,  lizards,  serpents,  tortoises,  and  turtles,  only 
a  posterior  pair  have  been  discovered,  which,  however,  agree  in  all  essential  points 
with  those  of  the  frog.  In  the  goose,  and  in  other  species  of  birds  belonging 
to  different  orders,  Panizza  discovered  a  pair  of  lymph-sacs  opening  into  the 
sacral  veins,  and  Stannius  has  since  found  that  these  sacs  have  striated  muscu].ar 

*  Miiller's  Arcliiv,'lS4S,  p.  173« 
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fibres  in  their  parietes.  Nerve-fibres,  both,  dark-bordered  and  pale,  have  been 
observed  in  the  lymph-hearts  of  the  frog,  and  also  nerve-cells  in  those  of  the 
common  tortoise  (Waldeyer). 

Development  of  lymphatic  vessels.  — The  deyelopment  of  lymph- 
atic capillaries  has  been  studied  by  Klein  in  the  serous  membranes, 
both  normal  and  chronically  inflamed.  He  finds  that  the  process  is 
similar  to  that  of  the  development  of  blood-vessels  as  described  by  him 
in  the  chick.  A  vacuole  is  formed  within  one  of  the  cells  of  the  con- 
nective tissue,  and  becomes  larger  and  larger,  so  as  to  produce  a  cavity 
filled  with  fluid,  and  with  the  protoplasm  of  the  cell  thinned  out  to 
form  the  wall  of  the  vesicle  thus  formed.  From  this  protoplasmic 
wall  portions  bud  inwards  into  the  cavity,  eventually  becoming  de- 
tached as  lymph-corpuscles.  Meanwhile  the  nucleus  of  the  cell  has 
become  multiplied,  and  the  resulting  nuclei  are  regularly  arranged 
in  the  protoplasmic  wall,  which  now  exhibits,  on  treatment  with 
nitrate  of  silver,  the  well-known  epithelioid  marking  characteristic 
of  the  lymphatic  capillaries.  To  form  vessels,  these  vesicles  become 
connected  with  one  another  by  means  of  processes  into  which  their 
cavities  extend.* 

Kolliker  has  observed  the  formation  of  lymphatics  from  ramified  cells  in  the 
tails  of  young  salamander-larvse.  He  states  that  the  process  takes  place  nearly 
in  the  same  manner  as  in  the  case  of  sanguiferous  capillaries  ;  the  only  notable 
difference  being,  that  whilst  the  growing  lymphatics  join  the  ramified  cells,  and 
thus  extend  themselves,  their  branches  very  rarely  anastomose  or  become  con- 
nected by  communicating  arches. 

LYMPHATIC    GLANDS. 

Lyinphatic  glands,  named  also  conglobate,  glands,  and  by  modern 

French  writers  lymphatic  ganglions,  are  small  solid  bodies  placed  in  the 
course  of  the  lymphatics  and  lacteals,  through  which  the  contents  of  these 
vessels  have  to  pass  in  their  progress  towards  the  thoracic  or  the  right 
lymphatic  duct.  These  bodies  are  collected  in  numbers  along  the  course 
of  the  great  vessels  of  the  neck,  also  in  the  thorax  and  abdomen,  espe- 
cially in  the  mesentery  and  alongside  the  aorta,  vena  cava  inferior,  and 
iliac  vessels.  A  few,  usually  of  small  size,  are  found  on  the  external 
parts  of  the  head,  and  considerable  groups  are  situated  in  the  axilla  and 
groin.  Some  three  or  four  lie  on  the  popliteal  vessels,  and  usually  one 
is  placed  a  little  below  the  knee,  but  none  farther  down.  In  the  arm 
they  are  found  as  low  as  the  elbow  joint. 

Lymphatic  vessels  may  pass  through  two,  three,  or  even  more  lym- 
phatic glands  in  their  course,  whilst,  on  the  other  hand,  there  are 
lymphatics  which  reach  the  thoracic  duct  without  encountering  any 
gland  in  their  way. 

The  size  of  these  bodies  is  very  various,  some  being  not  much  bigger 
than  a  hempseed,  and  others  as  large  or  larger  than  an  almond  or  a  kidney 
bean.  In  shape,  too,  they  present  differences,  but  most  of  them  are 
round  or  oval. 

*  The  cells  lining  these  lymphatic  vesicles,  "wMch  are  common  in  the  mesogastrium  o£ 
the  frog  and  toad  in  the  mnter  season  (owing  to  the  existence  of  slight  chronic  inflam- 
mation, a  condition  exceedingly  prone  to  further  the  development  of  the  lymphatic  tissues), 
bear,  in  the  female  of  those  animals,  cilia  directed  inwards  towards  the  cavity  of  the 
vesicles.  As  the  develoiDment  into  vessels  proceeds,  the  cilia  disappear  (Klein).  Remak 
who  first  noticed  these  ciliated  vesicles,  took  them  for  cysts  in  the  membrane. 
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The  lymphatics  or  lacteals  which  enter  a  gland  are  named  inferent  or 
afferent  vessels  [vasa  inferentia  sen  ajferentia),  and  those  which  issue 
from  it  efferent  vessels  {vasa  efferenUa).     The  afferent  vessels  (fig.  128, 


Fi?.  123. 


a.l. 


Fig.  123. — DiAGKAiijiATic   Section  op  Lymphatic  Gland. 

a,  I,  afferent  ;  e,  I,  efferent  lymphatics.  C,  cortical  substance.  M,  reticulating  cords 
of  medullary  substance.  I,  s,  lympli-sinus ;  c,  fibrous  coat  sending  trabeculaj,  tr,  into 
tlie  substance  of  tlie  dand. 


a,  I),  on  approaching  a  gland,  divide  into  many  small  branches,  which 
enter  the  gland  ;  the  efferent  vessels  commonly  leave  the  gland  in 
form  of  small  branches,  and  at  a  little  distance  beyond  it,  or  sometimes 
even  before  issuing  from  it,  unite  into  one  or  more  trunks  (e,  I),  usually 
larger  in  size  but  fewer  in  number  than  those  of  the  afferent  vessels. 

The  internal  structure  of  lymphatic  glands  has  been  long  a  subject 
of  inquiry.  Hewson  considered  that  a  lymphatic  gland  essentially  con- 
sists of  a  network  of  finely-divided  lymphatic  vessels,  on  and  between 
which  capillary  blood-vessels  are  ramified  ;  the  whole  being  gathered 
up  and  compacted  into  a  comparatively  dense  mass  by  connective  tissue, 
which  at  the  surface  of  the  gland  forms  for  it  an  enclosing  capsule.  The 
afferent  and  efferent  vessels  are,  according  to  Hewson,  continuous  with 
each  other  within  the  gland,  and  the  cellular  cavities  described  as  inter- 
vening between  them  and  serving  as  the  medium  of  their  communication, 
were  held  by  him  to  be  nothing  more  than  partial  dilatations  of  some 
branches  of  the  common  connecting  plexus. 

Hewson's  view  of  the  constitution  of  the  lymphatic  glands  was,  until 
lately,  accepted  by  most  anatomists  ;  but  modern  researches  have 
shown  that  the  structure  of  these  bodies  is  more  complex.     The  fol- 
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is   founded   chiefly   on  tho   descriptions  of  His   and 

coat  (fig.   128;  c, 


Fiff.  129. 


Fig.    129.  —  Section    of    a    Mesenteric 
Gland  frou  the  Ox,  slightly  jiagni- 

FIED. 

a,  liilus  ;  5,  medullary  substance ;  c, 
cortical  substance  with  indistinct  alveoli ; 
d,  capsule  (after  Kolliker). 


lowing  account 
Ivolliker. 

A  lymphatic  gland  is  covered  externally  with  a 
129,  iV)  composed  of  connective 
tissue,  mixed  in  certain  animals, 
with  muscular  fibre-cells.  This 
coat  or  capsule  is  complete,  except 
at  the  part  where  it  gives  passage 
to  the  efferent  lymphatics  and  the 
larger  blood-vessels  ;  and  this  part 
of  the  gland,  which  often  presents 
a  depression  or  fissure,  may  be 
named  the  liilus  (fig.  128,  129  a). 
The  proper  substance  of  the  gland 
consists  of  two  parts,  the  corti- 
cal (c),  and  withm  this  the  medul- 
lary. The  cortical  part  occupies  all 
the  superficial  part  of  the  gland, 
except  the  hilus,  and  in  the  larger 
glands  may  attain  a  thickness  of 
from  two  to  three  lines.  The  medul- 
lary portion  occupies  the  centre, 
and  extends  to  the  surface  at  the  hilus.  It  is  best  marked  in  the 
inwardly-seated  glands,  such  as  the  lumbar  and  mesenteric,  whilst  in 
the  subcutaneous  glands  it  is  more  or  less  encroached  upon  by  a  core 
of  connective  tissue  {hiliis-sfroma,  His),  which  enters  with  the  larger 
blood-vessels  at  the  hilus,  and  surrounds  them,  together  with  the  lymph- 
vessels,  in  the  centre  of  the  gland,  so  that  the  medullary  part  is  reduced 
to  a  layer  of  no  great  thickness  bounding  inwardly  the  cortical  part. 

Throughout  both  its  cortical  and  medullary  part  the  gland  is  pervaded 
by  a  trabecular  fi-ame-work  which  incloses  and  supports  the  proper 
glandular  substance.  The  trabecular  pass  inwards  from  the  capsule 
(fig.  128).  They  consist,  in  the  ox,  chiefly  of  plain  muscular  tissue  ; 
in  man,  of  connective  tissue,  sparingly  intermixed  with  muscular 
fibre-cells.  In  the  cortical  part  they  are  mostly  lamellar  in  form,  and 
divide  the  space  into  small  compartments,  alveoli,  from  -^-^  to  -^-^  of  an 
inch  wide,  which  communicate  laterally  with  each  other  through  openings 
in  the  imperfect  partitions  between  them  (fig.  130  a).  On  reaching 
the  medullary  part  the  trabecule  take  the  form  of  flattened  bands  or 
cords,  and  by  their  conjunction  and  reticulation  form  a  freely  intercom- 
municating meshwork  throughout  the  interior.  (In  the  figures  they  are 
represented  mostly  as  cut  across.)  In  these  alveoles  and  meshes  is 
included  the  proper  glandular  substance,  which  appears  as  a  tolerably 
firm  pulp  or  parenchyma,  agreeing  in  nature  with  lymphoid  tissue.  In 
the  alveoli  of  the  cortical  part  this  forms  rounded  nodules  (fig.  128  c, 
130  A  d) ;  in  the  trabecular  meshes  of  the  medullary  part  it  takes  the 
shape  of  rounded  cords  {lymplioid  cords)  joining  in  a  corresponding 
network  (figs.  128,  M;  130,  b,  d)  ;  and,  as  the  containing  meshes 
communicate,  so  the  contained  gland-pulp  is  continuous  throughout. 
But  both  in  the  cortical  alveoles  and  the  medullary  trabecular  meshes,  a 
narrow  space,  left  white  in  the  figs.  (128  /,  s  ;  130, 1,  I)  is  left  all  round 
the  gland-pulp,  between  it  and  the  alveolar  partitions  and  trabecular 
bands,  like  what  would  be  left  had  the  pulp  shrunk  away  from  the 
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inside  of  a  mould  in  which  it  had  been  cast.     This  space  is  both  a 
receptacle  and  a  channel  of  passage  for  the  lymph  tliat  goes  through  the 

Fi?.  130. 


Fig.  130. — Section  of  a  Mesenteric  Gland  of  the  Ox  (magnified  12  diameters). 

The  section  includes  a  portion  of  tlie  cortical  part-,  A,  in  its  wliole  depth,  and  a  smaller 
portion  of  the  adjoining  medullary  part,  B  ;  c,  c,  outer  coat  or  capsule  sending  partitions 
into  the  cortical  part  to  form  alveoli,  and  trabeculee,  t,  t,  which  are  seen  mostly  cut  across ; 
d,  d,  the  glandular  substance  forming  nodules  in  the  cortical  p)art,  A,  and  reticulating 
cords  in  the  medullary  part,  B  ;  ?,  Z,  lymph-sinus  or  lymph-channel,  left  white  (after  His). 

gland  ;  it  is  the  lymph-sinus  (His),  or  the  lymph-channel.  It  is  traversed 
by  retiform  connective  tissue  (fig.  131  c,  c),  in  vrhich  the  nuclei  of  the 
spindle-shaped  or  ramified  cells  are  mostly  apparent,  and  is  filled  with 
fluid  lymph,  containing  many  lymph -corpuscles,  which  maybe  washed 
out  from  sections  of  the  gland  with  a  hair  pencil,  so  as  to  show  the 
sinus,  while  the  firmer  gland-pulp,  which  the  sinus  surrounds,  keeps  its 
place.  The  latter,  the  proper  glandular  substance,  is  also  pervaded  and 
supported  by  retiform  tissue,  mostly  non-nucleated  (fig.  131,  a),  com- 
municating with  that  of  the  surrounding  lymph-sinus,  but  marked  off 
from  it  by  somewhat  closer  reticulation  at  their  mutual  boundary,  not 
so  close,  however,  as  to  prevent  fluids,  or  even  solid  corpuscles,  from 
jDassing  from  the  one  to  the  other.  This  glandular  pulp  is  made  up  of 
densely  packed  lymph-corpuscles,  occupying  the  interstices  of  its  sup- 
porting retiform  tissue,  and  is  traversed  by  an  abundant  network  of 
capillary  blood-vessels  (c?,  d),  which  runs  throughout  the  proper  gland- 
ular pulp,  both  cortical  and  medullary,  but  does  not  pass  into  the 
surrounding  lymph-sinus.  The  stellate  cells  of  the  retiform  tissue  of 
the  lymph-sinus  often  contain  a  considerable  number  of  pigment 
granules.  Arteries  enter  and  veins  leave  the  gland  at  the  hilus,  sur- 
rounded, in  some  glands,  as  already  said,  with  a  dense  inclosure  of 
connective  tissue.  The  arterial  branches  go  in  part  directly  to  the 
glandular  substance,  but  partly  run  along  the  trabeculge.  The  former 
end  in  the  glandular  capillary  network  above-mentioned,  from  which 
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tho  veins  begin,  and  tend  to  the  liilus  alongside  the  arteries.     The 
branches  which  run  along  the  trabecute  are  in  part  conducted  to  the 


'Fig.  131. — Section    of   the   Medullary   Substance    op    a   Lymphatic  Gland  (Ox). 
300  Diameters.     (Von  Recklinghausen). 

a,  a,  a,  follicular  or  lymphoid  cords  ;  c,  lymph-sinus  ;  5,  i,  trabecule  ;  d,  d,  blood- 
Tessels. 


'Coat  of  the  gland  to  be  there  distributed  ;  some  of  their  branches 
pass  across  the  lymph-sinus  to  reach  the  glandular  substance.  The 
blood-vessels  of  the  gland  pulp  are  supported  by  its  pervading  retiform 
tissue,  which  is  not  only  connected  to  them,  but  forms  an  additional 
or  adventitious  coat  round  their  small  branches,  and  even  on  some  of 
the  capillaries  (page  178). 

As  to  the  lymphatics  of  the  gland,  it  seems  to  be  tolerably  well  made 
out,  that  the  afferent  vessels,  after  branching  out  upon  and  in  the  tissue 
of  the  capsule,  send  their  branches  through  it  to  open  into  the  lymph- 
sinuses  of  the  cortical  alveoli,  and  that  the  efferent  lymphatics  begin  by 
fine  branches  leading  from  the  lymph-sinuses  of  the  medullary  part, 
and  forming  at  the  hilus  a  dense  plexus  of  tortuous  and  varicose-looking 
vessels,  from  which  branches  proceed  to  join  the  larger  efferent  trunks. 
The  lymph-sinus,  therefore,  forms  a  channel  for  the  passage  of  the  lymph, 
interposed  between  the  afferent  and  efferent  lymphatics,  communi- 
cating with  both,  and  maintaining  the  contniuity  of  the  lymph-stream. 
The  afferent  and  efferent  vessels,  where  they  open  into  the  lymph-sinus, 
lay  aside  all  their  coats,  except  the  epithelioid  lining,  which  is  continued 
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over  the  trabecule  ;  covering  these,  like  the  walls  of  the  commencing' 
lymph-lacimse  elsewhere,  with  a  layer  of  flattened  cells. 

It  is  not  unreasonable  to  presume  that,  in  the  proper  glandular  substance,  there 
is  a  continual  production  of  lymph-corpiiscles,  most  probably  by  fissiparous  multi- 
plication, which  pass  into  the  lymph-siaus,  and  that  fresh  corpuscles  are  thus 
added  to  the  lymph  as  it  passes  through  a  gland  ;  and  this  view  is  supported  by 
the  fact,  that  the  corpuscles  are  found  to  be  more  abundant  in  the  lymph  or 
chyle  after  it  has  passed  through  the  glands.  It  has  been  alleged,  moreover,  that 
the  lymph,  after  passing  the  glands,  is  richer  in  fibrin,  and  therefore  coagulates 
more  fixmly.  In  any  case,  it  is  plain  that  the  numerous  blood-capillaries  distri- 
buted in  a  gland  must  bring  the  blood  into  near  relation  with  the  elements  of 
the  lymph  ;  and  the  latter  fluid,  as  it  must  move  very  slowly  through  the  rela- 
tively wide  space  within  the  gland,  is  thus  placed  in  a  most  favourable  condition 
for  some  not  improbable  interchange  of  material  with  the  blood. 


SEROUS    MEMBBAM-ES. 

The  serous  membranes  are  so  named  from  the  apparent  natm'e  of  the 
fluid  with  which  their  surface  is  moistened.  They  line  cavities  of  the 
body  which  have  no  outlet,  and  the  chief  examples  of  them  are,  the 
peritoneum,  the  largest  of  all,  lining  the  cavity  of  the  abdomen  ;  the 
two  pleurae  and  pericardium  in  the  chest ;  the  arachnoid  membrane  in 
the  cranium  and  vertebral  canal ;  and  the  tunica  vaginalis  surrounding 
each  of  the  testicles  within  the  scrotum. 

Form  and  arrangement. — In  all  these  cases  the  serous  membrane 
has  the  form  of  a  closed  sac,  one  part  of  which  is  applied  to  the  walls  of 
the  cavity  which  it  lines,  the  parietal  portion  ;  whilst  the  other  is  re- 
flected over  the  surface  of  the  organ  or  organs  contained  in  the  cavity, 
and  is  therefore  named  the  7'eflected  or  visceral  portion  of  the  membrane. 
Hence  the  viscera  in  such  cavities  are  not  contained  within  the  sac  of 
the  Berous  membrane,  but  are  really  placed  behind  or  outside  of  it ;. 
merely  pushing  inwards,  as  it  were,  the  part  of  the  membrane  which 
immediately  covers  them,  some  organs  receiving  in  this  way  a  complete, 
and  others  but  a  partial  and  sometimes  very  scanty  investment. 

In  passing  from  one  part  to  another,  the  membrane  frequently  forms 
folds  which  in  general  receive  the  appellation  of  ligaments,  as,  for 
example,  the  folds  of  peritoneum  jiassing  between  the  liver  and  the 
parietes  of  the  abdomen,  but  which  are  sometimes  designated  by 
special  names,  as  in  the  instances  of  the  mesentery,  meso-colon,  and 
omentum. 

The  peritoneum,  in  the  female  sex,  is  an  exception  to  the  rule  that 
serous  membranes  are  j)erfectly  closed  sacs,  inasmuch  as  it  has  two 
openings  by  which  the  Fallopian  tubes  communicate  with  its  cavity. 

A  serous  membrane  sometimes  lines  a  fibrous  membrane,  as  where 
the  arachnoid  lines  the  dura  mater,  or  where  the  serous  layer  of  the  peri- 
cardium adheres  to  its  outer  or  fibrous  part.  Such  a  combination  is 
often  named  a  fihro-serous  membrane. 

The  inner  surface  of  a  serous  membrane  is  free,  smooth,  and  polished; 
and,  as  would  occur  with  an  empty  bladder,  the  inner  surface  of  one 
part  of  the  sac  is  applied  to  the  corresponding  surface  of  some  other 
part ;  a  small  quantity  of  fluid,  usually  not  more  than  merely  moistens 
the _  contiguous  surfaces,  being  intei-posed.  The  parts  situated  in  a 
cavity  lined  by  serous  membrane  can  thus  glide  easily  against  its 
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parietes  or  upon  each  other,  and  their  motion  is  rendered  smoother  by 
the  hibricating  fluid. 

The  outer  surface  most  commonly  adheres  to  the  parts  which  it  lines 
or  covers,  the  connection  being  effected  by  means  of  areolar  tissue, 
named  therefore  "  subserous,"  which,  when  the  membrane  is  detached, 
gives  to  its  outer  and  previously  adherent  surface  a  flocculent  aspect. 
The  degree  of  firmness  of  the  connection  is  very  various  :  in  some  parts, 
the  membrane  can  scarcely  be  separated  ;  in  others,  its  attachment  is  so 
lax  as  to  permit  easy  displacement.  The  latter  is  the  case  in  the 
neighbourhood  of  the  openings  through  which  abdominal  hernife  pass  ; 
and  accordingly,  when  such  protrusions  of  the  viscera  happen  to  take 
place,  they  usually  push  the  peritoneum  before  them  in  form  of  a 
hernial  sac. 

The  visceral  portion  of  the  arachnoid  membrane  is  in  some  measure 
an  exception  to  the  rule  of  the  outer  surface  being  everywhere  adherent : 
for,  in  the  greater  part  of  its  extent,  it  is  thrown  loosely  round  the  parts 
which  it  covers,  a  few  fine  fibrous  bands  being  the  sole  bond  of  con- 
nection ;  and  a  quantity  of  pellucid  fluid  is  interposed,  especially  in  the 
vertebral  canal  and  base  of  the  cranium,  between  the  arachnoid  and  the 
pia  mater,  which  is  the  membrane  immediately  investing  the  brain  and 
spinal  cord. 

Structure  and  properties. — Serous  membranes  are  thin  and  trans- 
23arent,  so  that  the  colour  of  subjacent  parts  shines  through  them.  They 
are  tolerably  strong,  with  a  moderate  degree  of  extensibility  and  elasti- 
city. They  are  lined  on  the  inner  surface  by  a  simple  epithelioid  layer  of 
flattened  cells  (fig.  132),  each  of  which  contains  a  clear,  round  or  oval 
nucleus  with  one  or  two  nucleoli.     The  outlines  of  the  cells  may  readil}' 

Fig.  ]32. 


Fig.  132. — Portion  op  Epithelioid  Layer  of  Peritoneum  from  Diaphragm  of  Raebit 

(Klein.) 

a,  larger  cells     i,  smaller  ones,  witli  here  and  there  a  pseudostoma  between. 


i38  SEEOUS   MEMBEANES. 

be  brought  into  vieAV  by  treatment  with  nitrate  of  silver.  The  lines  of 
junction  of  the  cells  which  are  thus  made  eYident,  may  be  straight  and 
even,  but  are  most  commonly  slightly  jagged  or  sinuous.  Here  and 
there  between  the  cells  apertures  are  to  be  seen,  which  are  of  two 
kinds.  The  smaller  of  these,  which  are  also  the  more  numerous,  are 
occupied  by  processes  which  are  sent  up  to  the  surface  of  the  mem- 
brane from  deeper  lying  cells  (pseudostomata,  fig.  132)  :  the  larger,  on 
the  other  hand;  the  stomata,  are  true  apertures,  which  are  surrounded 
by  a  ring  of  small  cubical  cells  (fig.  127  s,  s',  page  189),  and  open  into 
a  subjacent  lymphatic  vessel,  either  directly  or  by  the  medium  of  a 
short  canal  lined  with  similar  cells,  as  already  mentioned  in  treating 
of  lymphatics.  The  surface  cells  of  the  serous  membrane  are  not 
everywhere  uniform  in  size  (see  figs.  127  and  132),  but  patches  are 
here  and  there  met  with  in  which  they  are  smaller  and  more  granular 
in  appearance.  It  is  not  unfrequent  also  to  find  evidences  of  prolifera- 
tion, especially  in  the  neighbourhood  of  the  stomata  and  pseudostomata, 
cells  being  met  with  containing  two  or  even  many  nuclei  (Klein). 

The  substance  of  the  membrane  underneath  the  epithelioid  layer  is 
composed  of  a  connective  tissue  ground  substance  in  which  are  a 
variable  amount  of  fibres,  both  white  and  elastic  ;  the  former,  when 
there  are  two  or  more  strata,  take  a  different  direction  in  the  different 
planes ;  the  latter  unite  into  a  network,  and,  in  many  serous  mem- 
branes, as  remarked  by  Henle,  are  principally  collected  into  a  reticular 
layer  near  the  surface.  The  ground  substance  contains  the  blood- 
A^essels  and  lymphatics  of  the  membrane,  as  well  as  a  large  number 
of  flattened  connective  tissue  corpuscles  with  their  corresponding  cell- 
spaces  (fig.  133),  which  are  often  collected  into  epithelioid  patches. 
In  parts  of  the  membrane  in  which  these  corpuscles  are  more  thinly 
scattered,  tliey  possess  branching  processes,  some  of  which  intercom- 
municate with  those  of  neighbouring  cells,  whilst  others,  as  before 
said,  pass  up  to  the  surface  of  the  membrane  (pseudostomata),  and 
others  again,  become  connected  to  the  walls  of  the  lymphatics  and  blood- 
vessels (see  fig.  126,  p.  187). 

Blood-vessels  ending  in  a  capillary  network  with  comparatively 
wide  meshes  pervade  the  subserous  tissue  and  the  tissue  of  the  serous 
membrane. 

The  lympliatics  of  the  serous  membranes  are  exceedingly  abundant. 
Their  relation  both  to  the  cell-s]3aces  of  the  tissue  and  to  the  surface 
of  the  membrane,  as  well  as  their  general  arrangement,  has  been 
already  noticed  (pp.  18G — 191).  They  are  sometimes  met  with  ensheath- 
ing  the  blood-vessels. 

Nodules  occur  here  and  there  in  the  substance  of  the  serous  mem- 
branes which  consist  of  a  close  network  of  branched  connective  tissue- 
cells  amongst  which  are  a  number  of  lymphoid  cells  or  leucocytes, 
similar  to  the  pale  corpuscles  of  the  blood.  These  nodules,  the 
larger  of  which  have  a  rich  supply  of  blood-vessels,  are  developed  in 
connection  with  the  lymphatics,  being  formed  either  around  those 
vessels,  or  actually  within  them,  in  which  case  the  cells  forming  the 
walls  of  the  lymphatic  vessel  exhibit  processes  which  project  into  the 
interior  and  join  with  the  enclosed  retiform  tissue.  The  cells  of  this 
tissue  are  in  fact  developed  by  a  proliferation  of  the  flattened  cells  of  the 
lymphatic,  which  is  of  course  considerably  enlarged  at  these  spots. 
These  lymphatic  nodules  (peri  and  endo-lymphangial  nodules  of  Klein) 
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possess,  as  do  the  stomata  of  the  surface,  both  true  and  false,  consider- 
able importance  in  a  pathological  point  of  view,  for  it  is  in  connection 


Fig,  133. 


Fig.  133.  —  Portion  op  Serous  Membrane  op  Diaphragm  ^Pleural)  prom  the 
Rabbit,  treated  with  Nitrate  op  Silver  apter  Removal  op  Superpicial  Epi- 
thelioid Later.     (Recklinghausen.) 

c,  c,  cell-spaces  of  tissue  ;  d,  d,  commencing  lymphatic  vessels  connected  at  h,  h,  with 
the  cell-spaces. 

with  them  that  proliferation  is  apt  to  occur  in  chronic  inflammation  of 
the  serous  membranes. 

The  nerves  of  the  serous  membranes  are  destined  chiefly  for  the 
blood-vessels,  and  for  the  most  part  accompany  these  in  their  course. 
A  few  pale  fibres,  however,  are  distributed  to  the  substance  of  the 
membrane,  in  which  they  form  a  plexus  with  large  meshes  :  from  the 
branches  of  this,  fibrils  may  be  traced  which  unite  into  a  somewhat 
finer  plexus  near  the  surface. 

Fluid. — The  internal  surface  of  serous  cavities  is  moistened  and  lubricated  with 
a  transparent  and  nearly  colourless  iiuid,  which  in  health  exists  only  in  a  veiy 
small  quantity.  This  fluid,  which  is  doubtless  derived  from  the  blood-vessels  of 
the  membrane,  has  been  commonly  represented  as  similar  in  constitution  to  the 
serum  of  the  blood.  But  it  was  long  since  remarked  by  Hewson  (and  a  similar 
opinion  seems  to  have  been  held  by  Haller  and  Monro),  that  the  fluid  obtataed 
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from  the  serous  cavities  of  recently  killed  animals  coagulates  spontaneonsly,  and 
thus  resembles  the  lymph  of  the  lymphatic  vessels,  and,  we  may  add,  the  liquor 
Danguinis  or  plasma  of  the  blood,  the  coagulation  being-,  of  course,  due  to  the 
presence  of  fibrin,  or  of  its  two  constituents  fibrinogen  and  para-globulin.  Hewson, 
who  regarded  the  fluid  as  lymi^h,  found  that  the  coagulability  diminished  as  the 
quantity  increased.  Hewson  made  his  observations  on  the  fluid  of  the  peritoneum, 
pleura  and  pericardium,  in  various  animals,  viz.,  bullocks,  dogs,  geese  and 
rabbits. 

"When  the  fluid  gathers  in  unusual  quantity  as  in  dropsies,  it  rarely  coagulates 
spontaneously  on  being  let  out ;  but  will  often  yield  a  coagulum  on  the  addition 
of  para-globulin  as  already  stated.  From  this  it  may  be  inferred  that  fibrinogen 
is  present,  but  not  the  para-globulia  requisite  to  generate  fibrin. 

The  identity  in  character  of  the  fluid  of  serous  cavities  and  the  lymph-plasma 
is,  it  need  scarcely  be  remarked,  in  keeping  with  the  notion  of  their  being  great 
lymph-spaces  in  open  connection  "nath  lymphatic  vessels.  But  this  view  is  quite 
reconcilable  with  the  mechanical  purpose  commonly  ascribed  to  these  membranes, 
of  lubricating  and  facilitatmg  the  movement  of  mutually  opposed  surfaces. 

Wlien  a  serous  membrane  is  inflamed,  it  has  a  great  tendency  to  throw  out 
coagulable  lymph  (or  fibrin)  and  serum,  the  two  constituents  of  the  blood-plasma, 
the  former  chiefly  adliering  to  the  inner  surface  of  the  membrane,  whilst  the 
latter  gathers  in  its  cavity.  The  coagulable  lymph  spread  over  the  surface,  in 
form  of  a  "  false  membrane,"  as  it  is  called,  or  agglutinating  the  opposed  surfaces 
of  the  serous  sac  and  causing  adliesion,  becomes  perv'aded  by  blood-vessels,  and  in 
process  of  time  converted  into  areolar  tissue. 

Breaches  of  continuity  in  these  membranes  are  readily  repaired,  and  the  newly 
formed  portion  acquires  all  the  characters  of  the  original  tissue. 

SYIJ'OVIAL   MSMBRAK"ES. 

Resembling  serous  membranes  in  some  respects,  the  synovial  mem- 
branes are  distinguished  by  the  nature  of  their  secretion,  for  this  is  a 
Tiscid  glairy  iiuid  resembling  the  white  of  an  egg,  named  synovia. 

These  membranes  surround  the  cavities  of  joints,  and  are  found  in  con- 
nection with  moving  parts  in  certain  other  situations  ;  their  secretion 
being  in  all  cases  intended  to  lessen  friction,  and  thereby  facilitate  motion. 

The  different  synovial  membranes  of  the  body  are  referred  to  three 
classes,  -^iz.,  articular,  vesicular,  and-va/jinal 

1.  Articular  synovial  membranes,  or  Synovial  cajisitUs  of 
joints. — These  by  their  synovial  secretion  lubricate  the  cavities  of  the 
diarthrodial  articulations,  that  is,  those  articulations  in  which  the 
opposed  surfaces  glide  on  each  other.  In  these  cases  the  membrane 
may  be  readily  seen  covering  internally  the  surface  of  the  capsular  and 
other  ligaments  which  bound  the  cavity  of  the  joint,  and  affording  also 
an  investment  to  the  tendons  or  ligaments  which  happen  to  pass  through 
the  articular  cavity,  as  in  the  instance  of  the  long  tendon  of  the  biceps 
muscle  in  the  shoulder-joint.  On  approaching  the  articular  cartilages 
the  membrane  does  not  pass  over  these,  but  terminates  after  advancing 
but  a  little  way  on  their  surface,  with  which  it  is  here  firmly  adherent. 
So  that,  it  will  be  seen,  the  synovial  membranes  do  not  form  closed 
bags  lying  between  the  articular  cartilages  as  was  supposed  by  the  older 
anatomists,  for  the  main  part  of  the'snrfaces  of  the  joints  are  not 
covered  at  all  by  the  membrane,  nor  even  by  a  layer  of  epithelioid  cells, 
prolonged  from  the  membrane,  as  some  have  supposed. 

In  seA^eral  of  the  joints,  folds  of  the  synovial  membrane,  often  containing  more 
or  less  fat,  pass  across  the  cavity  ;  these  have  been  called  synovial  or  mucous 
ligaments.     Other  processes  of  the  membrane  simply  project  into  the  cavity  at 
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various  points.  Tliese  are  .very  generally  cleft  into  fringes  at  tlieir  free  border, 
upon  which,  their  blood-vessels,  which  are  numerous,  are  densely  distributed. 
They  often  contain  fat,  and  then,  when  of  tolerable  size,  are  sufficiently  obvious  ; 
but  many  of  them  are  very  small  and  inconspicuous.  The  fringed  vascular  folds 
of  the  synovial  membrane  were  described,  by  Dr.  Clopton  Havers  (1691).  under 
the  name  of  the  mucUaglnom  glands,  and  he  regarded  them  as  an  apparatus  for 
secreting  synovia.  Subsequent  anatomists,  while  admitting  that,  as  so  many 
extensions  of  the  secreting  membrane,  these  folds  must  contribute  to  increase  the 
secretion,  have,  for  the  most  part,  denied  them  the  special  character  of  glands, 
considering  them  rather  in  the  light  of  a  mechanical  i^rovision  for  occupying 
spaces  which  would  other-ndse  be  left  void  in  the  motion  of  the  joints,  and  this 
view  is  no  doubt  right  as  regards  the  larger,  fat-inclosing  folds.  The  smaller  and 
less  obvious  fringes  have,  however,  been  found,  on  investigation  by  Rainey,  to  be 
most  probably  secreting  organs  as  originally  supposed  by  Havers.  Rainey  found 
that  the  processes  in  question  exist  in  the  bursal  and  vaginal  synovial  membranes 
as  well  as  in  those  of  joints,  wherever,  in  short,  syno%-ia  is  secreted.  He  states 
that  their  blood-vessels  have  a  peculiar  convoluted  arrangement,  differing  from 
that  of  the  vessels  of  fat,  and  that  the  layer  of  cells  covering  them,  '•  besides  in- 
closing separately  each  packet  of  convoluted  vessels,  sends  off  from  each  tubular 
sheath  secondary  processes  of  various  shapes,  into  which  no  blood-vessels  enter."* 

2.  Vesicular  or  Bursal  ssruovial  membranes,  Synovial  lursm, 
BurscG  mucosa. — In  these  the  membrane  has  the  form  of  a  simple  sac, 
interposed,  so  as  to  prevent  friction,  between  two  surfaces  which  move 
upon  each  other.  The  synovial  sac  in  such  cases  is  flattened  and  has 
its  two  opposite  sides  in  apposition  by  their  inner  surface,  which  is 
free  and  lubricated  with  synovia,  whilst  the  outer  surface  is  attached  by 
areolar  tissue  to  the  moving  parts  between  which  the  sac  is  placed. 

In  point  of  situation,  the  bursas  may  be  either  deep-seated  or  subcu- 
taneous. The  former  are  for  the  most  part  placed  between  a  muscle  or 
its  tendon  and  a  bone  or  the  exterior  of  a  joint,  less  commonly  between 
two  muscles  or  tendons :  certain  of  the  bursse  situated  in  the  neigh- 
bourhood of  joints  not  unfrequently  open  into  them.  The  subcutaneous 
bursEe  lie  immediately  under  the  skin,  and  are  found  in  various  regions 
of  the  body  interposed  between  the  skin  and  some  firm  prominence 
beneath  it.  The  large  bursa  situated  over  the  patella  is  a  well-known 
example  of  this  class,  but  similar  though  smaller  bursee  are  found  also 
over  the  olecranon,  the  malleoli,  the  knuckles,  and  various  other  pro- 
minent parts.  It  must,  however,  be  observed  that,  among  these  subcu- 
taneous bursas,  some  are  reckoned  which  do  not  always  present  the 
characters  of  true  synovial  sacs,  but  look  more  like  mere  recesses  in  the 
subcutaneous  areolar  tissue,  larger  and  more  defined  than  the  neigh- 
bouring areolEe,  but  still  not  bounded  by  an  evident  synovial  membrane. 
These  may  be  looked  on  as  examples  of  less  developed  structure, 
forming  a  transition  between  the  areolar  tissue  and  perfect  synovial 
membrane. 

3.  Vaginal  synovial  membranes  or  Synovial,  sheaths. — These  are 
intended  to  facilitate  the  motion  of  tendons  as  they  glide  in  the  fibrous 
sheaths  which  bind  them  down  against  the  bones  in  various  situations. 
The  best-marked  examples  of  such  fibrous  sheaths  are  to  be  seen  in  the 
hand  and  foot,  and  especially  on  the  palmar  aspect  of  the  digital  pha- 
langes, where  they  confine  the  long  tendons  of  the  flexor  muscles.  In 
such  instances  one  part  of  the  synovial  membrane  forms  a  lining  to  the 
osseo-fibrous  tube  in  which  the  tendon  runs,  and  another  part  affords  a 

*  Proceedings  of  the  Royal  Society,  May  7th,  1846, 
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close  investment  to  the  tendon.  The  space  between  these  portions  of 
the  membrane  is  lubricated  with  synovia  and  crossed  obliquely  by  one 
or  more  folds  or  duplications  of  the  membrane,  in  some  parts  inclosing 
elastic  tissue  (Marshall).  These  are  named  "  frteua/'  and  pass  from 
one  part  of  the  membrane  to  the  other. 

Structure  of  synovial  meinTbranes. — The  synovial  membranes 
are  composed  essentially  of  connective  tissue  with  blood-vessels  and 
nerves.  It  was  formerly  stated  that  they  were  lined  with  an  epithe- 
lioid layer  of  flattened  cells,  similar  to  those  lining  the  serous  mem- 
branes, but,  as  was  shown  by  Huter,  there  exists  on  the  synovial 
membranes  no  complete  lining  of  the  kind.  Patches  of  cells  may,  it 
is  true,  here  and  there  be  met  with  which  present  an  epithelioid 
appearance  (fig.  134,  e),  as,  indeed,  we  know  to  be  the  case  in  the  con- 
nective tissue  of  other  parts  ;  but  most  of  the  surface-cells  of  the 
synovial  membranes  are  of  the  irregularly-branched  type  (fig.  134,  s), 
the  surface  of  the  membrane  between  the  cells  and  sometimes  also  over 
them  beinij  formed  by  the  ground  substance  of  the  connective  tissue, 
whilst  here  and  there  small  blood-vessels  come  to  the  surface  from 

Fig,  135. 


Fi?.  134. 


Pig.  134. — Ceh-Spaces  from  Synovial  Surface  of  Tendon  (Human).    340  Diameters.  . 
e,  part  of  an  epithelioid  patch  ;  s,  more  isolated,  branclied  cell-spaces.     The  nuclei  of 
the  cells  are  faintly  indicated. 

Eig.   135. — Go:sNECTivE-TissuE  Corpuscles  from  Articular  Synovial  Membrane  oi? 
Ox.     Magnified  250  Diameters. 


the  subjacent  parts.  The  cells  and  cell-spaces  of  the  synovial  mem- 
brane are  at  many  places  considerably  smaller  than  those  of  the  connec- 
tive tissue  generally  :  this  is  owing  to  a  scantiness  in  the  amount  of 
protoplasm,  the  nuclei  being  of  the  usual  size  and  often  appearing 
almost  to  fill  the  body  of  the  cell.     Sometimes  the  cell-spaces  with 
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their  offsets  form  a  close  network  of  anastomosing  channels  which,  as 
Eeyher  has  proved,*  are  occupied  by  cell-protoplasm  (fig.  135).  Such 
networks  are  met  with  more  frequently  in  some  animals  (ox)  than  in 
man. 

The  cells  of  the  vaginal  synovial  membrane  are  often  slightly  elongated 
in  the  direction  of  the  axis  of  the  tendon. 

The   articular   synovial  membranes  pass,  as  before  said,  a  certain 


g.  136. 
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Fig.  136. — Tkajjsitiojj  op 
Carthage  Cells  into 
conkectiye  tissue  cor- 
puscles of  srnoyial 
Membrane.  About 

340  Diameters.  From 
Head  of  Metatarsal 
BoKE,  Human. 

a,  ordinary  cartilage 
cells  ;  6,  6,  with  branched 
processes. 


-  >  J        distance  over  the  car- 

^  tilages  of  the  joints. 

"  ^ ''  ''^^  They   do    not,    how- 

ever, end  abruptly,  but  shade  off  gradually  into  the  surface  layer  of 
cartilage,  the  fibrous  tissue  disappearing  and  the  cells  gradually  losing 
their  processes  and  becoming  transformed  into  cartilage  cells  (fig.  136), 
so  that  it  is  difficult  to  say  for  certain  where  the  one  begins  and  the 
other  ends.  This  portion  of  the  synovial  membrane,  which  overlies  the 
edge  of  the  cartilage,  is  known  as  the  "  marginal  zone  ; "  it  is  most 
marked  around  the  convex  heads  of  the  bones,  and  is  especially  well 
seen  near  the  lower  margin  of  the  patella  (Hiiter). 

The  Haversian  folds  and  fringes,  at  least  the  larger  ones,  agree  in 
general  structure  with  the  rest  of"  the  tissue  of  the  synovial  membrane, 
(except  that,  as  before  remarked,  some  of  them  contain  fat);  their  surface 
layer  contains  for  the  most  part  irregularly  stellate  cells,  except  over 
the  fat,  where  we  have  occasionally  observed  a  true  epithelioid  arrange- 
ment like  that  of  a  serous  membrane.  The  smaller  non-vascular 
secondary  fringes  of  Rainey  are  minute  finger-shaped  processes  pro- 
jecting from  the  margins  of  the  larger  ones,  and  consist  for  the  most 
part  of  small  rounded  cells  with  granular  protoplasm  and  but  little 
intercellular  substance  ;  some  of  them  may  contain  a  few  connective 
tissue  fibrils  or  even  one  or  two  cartilage-cells  (IvoUiker). 

Vessels. —  The  blood-vessels  in  and  immediately  underneath  the 
membrane  are  sufficiently  manifest  in  most  parts  of  the  joints.  They 
advance  but  a  little  way  upon  the  cartilages,  forming  a  vascular  zone 
around  the  margin  of  each,  named  "circulus  articuli  vasculosus"  (W. 
Hunter),  in  which  they  end  by  loops  of  vessels  dilated  at  the  bent 
part  greatly  beyond  the  diameter  of  ordinary  capillaries  (Toynbee). 
In  the  foetus,  these  vessels  advance  further  upon  the  surface  of  the 
cartilage. 

The  vessels  of  the  vaginal  synovial  membranes  are  less  numerous  than 
those  of  the  synovial  membranes  of  the  joints. 


*  Journal  of  Anatomy  and  Physiology,  May,  1874. 
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Lympliatic  vessels  have  not  hitherto  been  demonstrated  in  the 
synovial  membranes, 

"  i¥erves. — W.  Krause  describes  the  nerves  of  the  synovial  membranes 
(at  least  those  of  the  joints)  as  terminating  in  peculiar  corpuscles  allied 
to  end  bulbs.  Another  observer  (Nicoladoni)  has  traced  the  nerves  into 
a  plexus  of  pale  fibrils  lying  close  under  the  surface  of  the  membrane. 

Development. — Eeyiier  describes  the  development  of  tlie  synovial  mem- 
branes as  follows  : — At  the  time  of  the  formation  of  a  joint  the  surrounding 
tissue  becomes  changed,  so  that  while  its  outer  part  developes  into  the  fibrous 
capsule  of  the  joint,  its  inner  part  fonns  the  commencement  of  the  synovial 
membrane.  The  cartilage  cells  on  the  surfaces  of  the  newly  formed  joint  are  at 
first  placed  closely  together  without  matrix  or  intercellular  substance ;  after  a  time 
this  ap23ears  in  fine  lines  between  the  cells,  so  that  these,  in  silvered  jDreparations, 
now  present  an  epithelioid  appearance.  By  a  fuiiiher  development  of  intercellu- 
lar substance  the  superficial  cells  become  more  separated  from  one  another,  and 
now  possess  an  irregularly  branched  shape  with  communicating  processes.  Near 
the  edge  of  the  cai-tilage  this  condition  is  permanent,  so  that  the  marginal  zone 
of  the  synovia]  membrane  is  formed  here  iti  situ  from  what  was  originally  cai-ti- 
lage.  More  towards  the  centre  of  the  articular  surface,  however,  a  further 
change  takes  place  in  the  progress  of  development,  for  in  these  parts  the  cells 
lose  their  processes  and  acquire  the  characters  of  ordinary  cai-tilage  cells,  whilst 
at  the  same  time  the  matrix  becomes  much  increased  between  them,  and  forms 
also  a  thin  layer  covering  their  surface. 

Synovia. — As  already  stated,  this  is  a  viscid  transparent  fluid  ;  it  has  a  yellowish 
or  faintly  reddish  tint,  and  a  slightly  saline  taste.  According  to  Freiichs,  the 
synovia  of  the  ox  consists  of  94"85  water,  0".56  mucus  and  cells,  0'07  fat, 
3'51  albumin  and  extractive  matter,  and  0'99  salts.  If  a  drop  of  synovial  fluid 
be  examined  microscopically,  it  is  found  to  contain  (in  addition  to  fat-molecules) 
a  few  amoeboid  corpuscles,  as  well  as  cells  similar  to  those  which  occur  on  the 
surface  of  the  membrane. 

MUCOUS    MEMBRANES. 

These  membranes,  unlike  the  serous,  line  internal  passages,  and  other 
cavities  which  open  on  the  surface  of  the  body,  as  well  as  various  re- 
cesses, sinuses,  gland-ducts  and  receptacles  of  secretion,  which  open 
into  such  passages.  They  are  habitually  subject  to  the  contact  of 
foreign  substances  introduced  into  the  body,  such  as  air  and  aliment, 
or  of  various  secreted  or  excreted  matters,  and  hence  their  surface  is 
coated  over  and  protected  by  mucus,  a  fluid  of  a  more  consistent  and 
tenacious  character  than  that  which  moistens  the  serous  membranes. 

Bistribiitiosx. — The  mucous  membranes  of  several  different  or 
even  distant  parts  are  continuous,  and  they  may  all,  or  nearly 
all,  be  reduced  to  two  great  divisions,  namely  the  gasiro-pneumonk 
and  genito-urinary.  The  former  covers  the  inside  of  the  alimentary 
and  air-passages  as  well  as  the  less  considerable  cavities  com- 
municating with  them.  It  may  be  described  as  commencing  at 
the  edges  of  the  lips  and  nostrils,  where  it  is  continuous  with 
the  skin,  and  proceeding  through  the  nose  and  mouth  to  the 
throat,  whence  it  is  continued  throughout  the  whole  length  of  the  ali- 
mentary canal  to  the  termination  of  the  intestine,  there  again  meeting- 
the  skin,  and  also  along  the  windpipe  and  its  numerous  divisions  as  far 
as  the  air-cells  of  the  lungs,  to  which  it  affords  alining.  From  the 
nose  the  membrane  may  be  said  to  be  prolonged  into  the  lachrymal 
passages,  extending  up  the  nasal  duct  into  the  lachrymal  sac  and  along 
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the  lachrymal  canals  until,  under  the  name  of  the  conjunctival  mem- 
brane, it  spreads  over  the  fore  part  of  the  eyeball  and  inside  of  the 
eyelids,  on  the  edges  of  ■which  it  encounters  the  skin.  Other  offsets 
from  the  nasal  part  of  the  membrane  line  the  frontal,  ethmoidal,  sphe- 
noidal and  maxillary  sinuses,  and  from  the  upper  part  of  the  pharynx  a 
prolongation  extends  on  each  side  along  the  Eustachian  tube  to  line 
that  passage  and  the  tympanum  of  the  ear.  Besides  these  there  are 
offsets  from  the  alimentary  membrane  to  line  the  salivary,  pancreatic, 
and  biliary  ducts,  and  the  gall-bladder.  The  genito-urinary  membrane 
invests  the  inside  of  the  urinary  bladder  and  the  whole  tract 
of  the  urine  in  both  sexes,  from  the  interior  of  the  kidneys  to  the 
orifice  of  the  urethra,  also  the  seminal  ducts  and  vesicles  in  the  male, 
and  the  vagina,  uterus,  and  Fallopian  tubes  in  the  female. 

Attachment. — The  mucous  membranes  are  attached  by  one  surface 
to  the  parts  which  they  line  or  cover  by  means  of  areolar  tissue,  named 
"  submucous,"  which  differs  greatly  in  quantity  as  well  as  in  consistency 
in  different  parts.  The  connection  is  in  some  cases  close  and  firm,  as  in 
the  cavity  of  the  nose  and  its  adjoining  sinuses ;  in  other  instances, 
especially  in  cavities  subject  to  frequent  variation  in  capacity,  like  the 
gullet  and  stomach,  it  is  lax'  and  allows  some  degree  of  shifting  of 
the  connected  surfaces.  In  such  cases  as  the  last-mentioned  the  mucous 
membrane  is  accordingly  thrown  into  folds  when  the  cavity  is  narrowed 
by  contraction  of  the  exterior  coats  of  the  organ,  and  of  course  these 
folds,  or  rugcn,  as  they  are  named,  are  effaced  by  distension.  But  in 
certain  parts  the  mucous  membrane  forms  permanent  folds,  not  capable 
of  being  thus  effaced,  which  project  conspicuously  into  the  cavity  which 
it  lines.  The  best-marked  example  of  these  is  presented  by  the  valvules 
cGnnivenfes  seen  in  the  small  intestine.  These,  as  is  more  fully  de- 
scribed in  the  special  anatomy  of  the  intestines,  are  crescent-shaped 
duplicatures  of  the  membrane,  with  connecting  areolar  tissue  between 
their  lamina,  which  are  placed  transversely  and  foUow  one  another  at 
very  short  intervals  along  a  great  part  of  the  intestinal  tract.  The 
chief  purpose  of  the  valvule  conniventes  is  doubtless  to  increase  the 
surface  of  the  absorbing  mucous  membrane  within  the  cavity,  and  it 
has  also  been  supposed  that  they  serve  mechanically  to  delay  the  ali- 
mentary mass  in  its  progress  downwards.  A  mechanical  office  has  also 
been  assigned  to  a  series  of  oblique  folds  of  a  similar  permanent  kind, 
though  on  a  smaller  scale,  which  exist  within  the  cystic  duct. 

Physical  properties. — In  most  situations  the  mucous  membranes 
are  nearly  opaque  or  but  slightly  translucent.  They  possess  no  great 
degree  of  tenacity  and  but  little  elasticity,  and  hence  are  readily  torn 
by  a  moderate  force.  As  to  colour,  they  cannot  be  said  intrinsically  to 
have  any,  and  when  perfectly  deprived  of  blood  they  accordingly  appear 
white  or  at  most  somewhat  grey.  The  redness  which  they  commonly 
exhibit  during  life,  and  retain  in  greater  or  less  degree  in  various  parts 
after  death,  is  due  to  the  blood  contained  in  their  vessels,  although  it 
is  true  that,  after  decomposition  has  set  in,  the  red  matter  of  the  blood, 
becoming  dissolved,  transudes  through  the  coats  of  the  vessels,  and 
gives  a  general  red  tinge  to  the  rest  of  the  tissue.  The  degree  of 
redness  exhibited  by  the  mucous  membranes  after  death  is  greater  in 
the  foetus  and  infant  than  in  the  adult.  It  is  greater  too  in  certain 
situations ;  thus,  of  the  different  parts  of  tbr  alimentary  canal,  it  is 
most  marked  in  the  stomach,  pharynx,  and  rectum.    Again,  the  intensity 
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of  the  tint,  as  well  as  its  extent,  is  influenced  by  circumstances  accom- 
panying or  immediately  preceding  death.  Thus  the  state  of  inflam- 
raation,  or  the  local  application  of  stimuli  to  the  membrane,  such  as 
irritant  poisons,  or  even  food  in  the  stomach,  is  apt  to  produce  increased 
redness ;  and  all  the  mucous  membranes  are  liable  to  be  congested  with 
blood  and  suffused  with  redness  when  death  is  immediately  preceded 
by  obstruction  to  the  circulation,  as  in  cases  of  asphyxia,  and  in  many 
diseases  of  the  heart. 

Striicttire. — A  mucous  membrane  is  composed  of  corium  and  epithe- 
lium. The  epithelium  covers  the  surface  ;  it  may  be  scaly  and  stratified 
as  in  the  mouth  and  throat,  columnar  as  in  the  intestine,  or  ciliated  as 
in  the  respiratory  tract  and  uterus.  The  membrane  which  remains 
after  removal  of  the  epithelium  is  named  the  corium,  as  in  the  analogous 
instance  of  the  true  skin.  The  corium  may  be  said  to  consist  of  a 
fibro-vascular  layer,  of  variable  thickness,  bounded  superficially  or  next 
the  epithelium  by  an  extremely  fine  transparent  lamella,  named  lase- 
ment-inemhrane  by  Bowman,  and  primanj  memirane,  limitary  memlrane, 
and  memhrana  propria  by  others  who  have  described  it. 

The  iasement-memhrane  is  best  seen  in  parts  where  the  mucous 
membrane  is  raised  into  villous  processes,  or  where  it  forms  secreting 
crypts  or  minute  glandular  recesses,  such  as  those  which  abound  in  the 
stomach  and  intestinal  canal  (fig.  137,  &).  On  teasing  out  a  portion  of 
the  gastric  or  intestinal  mucous  membrane  under  the  microscope,  some 
of  the  tubular  glands  are  here  and  there  discovered  which  are  tolerably 
well  cleared  from  the  surrounding  tissue,  and  their  parietes  are  seen  to 
be  formed  of  a  thin  pellucid  film,  which  is  detached  from  the  adjoining 
fibro-vascular  layer,  the  epithelium  perhaps  still  remaining  in  the  inside 
of  the  tube  or  having  escaped,  as  the  case  may  be.  The  fine  film 
referred  to  is  the  basement-membrane.  It  may  by  careful  search  be  seen 
too  on  the  part  of  the  corium  situated  between  the  orifices  of  the  glands, 
and  on  the  villi,  when  the  epithelium  is  detached,  although  it  cannot  be 
there  so  readily  separated  from  the  vascular  layer.  In  these  parts  it 
manifestly  forms  a  superficial  boundary  to  the  corium,  passing  continu- 
ously over  its  eminences  and  into  its  recesses,  defining  its  surface,  and 
supporting  the  epithelium.  In  other  parts  where  villi  and  tubular 
glands  are  wanting,  and  especially  where  the  mucous  membrane,  more 
simply  arranged,  ]3resents  an  even  surface,  as  in  the  tympanum  and 
nasal  sinuses,  the  basement-membrane  is  absent,  or  at  least  not  demon- 
strated. 

The  basement-membrane,  as  already  said,  forms  the  peripheral 
boundary  of  the  corium ;  it  is  in  immediate  connection  with  the  epi- 
thelium. By  its  under  surface  it  closely  adjoins  the  fibro-vascular 
layer,  with  the  retiform  tissue,  d.  of  wj.iich  it  is  in  connection.  The 
vessels  of  the  corium  advance  close  up  to  the  basement-membrane,  but 
nowhere  penetrate  it.  In  structure  the  membrane  in  question  seems  at 
first  sight  perfectly  homogeneous,  but  treatment  with  nitrate  of  silver 
brings  to  view  the  outlines  of  flattened  epithelioid  connective  tissue 
cells,  of  which  it  is  in  reality  composed.* 

T\\Q  fih-o-vascular  layer  of  the  corium  is  composed  of  vessels  both 
sanguiferous  and  lymphatic,  with  connective  tissue — areolar  and  reti- 

In  the  large  intestine  of  the  frog,  and  perhaps  also  in  some  other  parts,  these  cells, 
instead  of  adhering  bj'  their  edges,  intercommunicate  by  processes,  so  as  to  form  a  close 
network  instead  of  a  continuous  membrane. 
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form— and,  in  many  parts,  non-striated  muscular  tissue,  variously 
disposed.  The  nerves  also  which  belong  to  the  mucous  membrane  are 
distributed  in  this  part  of  its  structure  ;  in  some  parts,  the  palate  and 
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Fig.    137. — Tubular   Gland  with  adjacent   Lymphoid   Tissue,  from  Intestine    of 
Rabbit  (Verson).     HiGHLr  magnified. 

K,  lumen  of  gland  ;  a,  a,  epitlielium  with  thickened  striated  border  ;  d,  lymphoid 
tissue,  from  which  most  of  the  corpuscles  'have  been  removed.  Betvveen  this  and  the 
epithelium  is  seen  the  basement-membrane,  b,  in  section.  T,  more  condensed  connective- 
tissue  of  the  mucous  membrane. 

vagina  for  instance,  minute  branches  of  the  nerves  have  also  been  traced 
extending  between  and  amongst  the  epithelium  cells. 

The  vessels  exist  almost  universally  in  mucous  membranes.  The 
branches  of  the  arteries  and  veins,  dividing  in  the  submucous  tissue, 
send  smaller  branches  into  the  corinm,  which  at  length  form  a  network 
of  capillaries  in  the  fibro-vascular  layer.  This  capillary  network  lies 
immediately  beneath  the  epithelium,  or  the  basement-membrane  when 
this  is  present,  advancing  with  that  membrane  into  the  villi  and 
papillas  to  be  presently  described,  and  surrounding  the  tubes  and  other 
glandular  recesses.  The  lymphatics  also  form  networks,  which  com- 
municate with  plexuses  of  larger  vessels  in  the  submucous  tissue  ; 
their  arrangement  generally,  as  well  as  in  the  villi,  has  been  already 
noticed. 

The  fibres  of  connective  tissue  which  enter  into  the  formation  of  the 
corium  are  both  the  white  and  the  elastic.  The  former  are  arranged  in 
interlacing  bundles,  the  elastic  commonly  in  networks  ;  but  the  amount 
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of  both  is  very  different  in  different  parts.  In  some  situations,  as  in  the 
gullet,  windpipe,  bladder,  and  vagina,  the  filamentous  connective  tissue 
is  abundant,  and  extends  throughout  the  whole  thickness  of  the  fibro- 
vascnlar  layer,  forming  a  continuous  and  tolerably  compact  web,  and 
rendering  the  mucous  membrane  of  those  parts  comparatively  stout  and 
tough.  In  the  stomach  and  intestines,  on  the  other  hand,  where  the 
membrane  is  more  complex,  and  at  the  same  time  weaker  in  structure, 
the  elastic  fibres  are  wanting  and  the  white  connective  tissue  is  in  small 
proportion  ;  its  principal  bundles  follow  and  support  the  blood-vessels, 
deserting,  however,  their  finer  and  finest  branches  which  lie  next  the 
basement-membrane  ;  and  accordingly  there  exists,  for  some  depth 
below  this  membrane,  a  stratum  of  the  corium  in  which  very  few  if  any 
filaments  of  the  common  areolar  tissue  are  seen.  In  this  stratum  of 
the  gastro-enteric  mucous  membrane,  the  tubular  glands  with  their 
lining  epithelium  are  set,  and  between  and  around  them  the  numerous 
sanguiferous  capillaries  and  lymphatic  vessels  are  distributed  ;  but  the 
substance  of  the  membrane  in  Avhich  these  parts  lie  is  constructed  of 
retiform  connective  tissue,  which  is  formed  of  ramified  and  reticularly 
connected  corpuscles,  with  or  without  nuclei  persistent  at  the  points 
whence  the  branches  divaricate ;  and  in  the  meshes  of  this  tissne 
is  contained  a  profusion  of  granular  corpuscles,  like  those  in  the 

lymphatic  glands.  This  strncture 
Cfig.  137  aiid  138  f?),  which  prevails  in 
the  mucous  membrane  of  the  stomach 
and  intestines,  both  large  and  small,  as 
well  as  in  some  other  parts,  is  named 
lymplioid  tissue  from  its  resemblance 
to  the  interior  tissue  of  the  lymphatic 
glands,  and  of  other  bodies  belonging 
to  or  supposed  to  belong  to  the  lym- 
phatic system,  and  especially  those 
known  as  the  solitary  and  agminated 
glands  of  the  alimentary  mucous  mem- 
brane. The  tissue  forming  the  last- 
named  bodies,  indeed,  is  often  con- 
tinuous with  the  lymphoid  tissue  in 
their  vicinity. 

The  deepest  layer  of  the  mucous 
membrane  is  formed  usually  by  non- 
striated  muscnlar  tissue,  and  is  named 
muscularis  mucoscc.  This  lies  next  to 
the  submucous  tissue,  and  consists  of 
bundles  running  in  many  parts  both 
longitudinally  and  circularly,  in  others 
in  one  of  these  directions  only.  Pro- 
longations from  it  pass  up  between  the 
glands  to  be  distributed  in  the  villi. 

PapillEe  and  villi. — The  free  sur- 
face of  the  mucous  membranes  is  in 
some  parts  plain,  but  in  others  is  beset  with  little  eminences  named  pap illas 
and  villi.  The  papillw  are  best  seen  on  the  tongue  ;  they  are  small  pro- 
cesses of  the  corium,  mostly  of  a  conical  or  cylindrical  figure,  containing 
blood-vessels  and  nerves,  and  covered  with  epithelium.    Some  are  small 


Fig.  138. — Lymphoid  ok  Retiform 
Tissue  of  the  Iktestiival  Mucous 
Membrane  of  the  Sheep  (from  Frey). 
Magnified  400  Diameters. 

Cross  section  of  a  small  fragment  of 
the  mncons  membrane,  including  one 
entire  crypt  of  Lieberkiilin  and  jjarts  of 
several  others  :  a,  cavity  of  the  tubular 
glands  or  crypts  ;  i,  one  of  the  lining 
epithelial  cells  ;  c,  the  lymphoid  or  reti- 
form spaces,  of  which  some  are  empty, 
and  others  occupied  by  lymph-cells  as 
at  d. 
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and  simple,  others  larger  and  compound  or  cleft  into  secondary  papillse. 
They  serve  various  purposes  ;  some  of  them  no  doubt  minister  to  the 
senses  of  taste  and  touch,  many  appear  to  have  chiefly  a  mechanical 
office,  while  others  would  seem  intended  to  give  greater  extension  to 
the  surface  of  the  corium  for  the  production  of  a  thick  coating  of 
epithelium.  The  villi  are  most  fully  developed  on  the  mucous  coat  of 
the  small  intestines.  Being  set  close  together  like  the  pile  of  velvet, 
they  give  to  the  parts  of  the  membrane  which  they  cover  the  aspect 
usually  denominated  "  villous."  They  are  in  reality  little  elevations  or 
23rocesses  of  the  superficial  part  of  the  corium,  covered  with  epithelium, 
and  containing  blood-vessels  and  lacteals,  which  are  thus  favourably 
disposed  for  absorbing  nutrient  matters  from  the  intestine.  The  more 
detailed  description  of  the  papillae  and  villi  belongs  to  the  special 
anatomy  of  the  parts  where  they  occur. 

In  some  few  portions  of  the  mucous  membrane  the  surface  is  marked 
with  fine  ridges  which  intersect  each  other  in  a  reticular  manner,  and 
thus  inclose  larger  and  smaller  polygonal  pits  or  recesses.  This 
peculiar  character  of  the  surface  of  the  membrane,  which  has  been 
termed  "■  alveolar,"  is  seen  very  distinctly  in  the  gall-bladder,  and  on  a 
finer  scale  in  the  vesiculse  seminales ;  still  more  minute  alveolar  recesses 
with  intervening  ridges  may  be  discovered 
with  a  lens  on  the  mucous  membrane  of  the 
stomach  (fig.  139). 

Glands  of  mucous  membranes. — Many, 
indeed  most,  of  the  glands  of  the  body  pour 
their  secretions  into  the  great  passages  lined 
by  mucous  membranes  ;  but  there  are  certain 
small  glands  which  may  be  said  to  belong 
to  the  membrane  itself,  inasmuch  as  they  are 
found  in  numbers  over  large  tracts  of  that 
membrane,  and  yield  mucus,  or  special  secre- 
tions known  to  be  derived  from  particular 
portions  of  the  membrane.  Omitting  local 
peculiarities  the  glands  referred  to  may  be 
described  as  of  three  kinds,  viz.  : — 

1.  Tubular  glands.  —  These  are  minute 
tubes    formed   by    recesses  or    inversions   of 

the  basement  membrane,  and  lined  with  epithelium.  They  are  usually 
placed  perpendicularly  to  the  surface,  and  often  very  close  together, 
and  they  constitute  the  chief  substance  of  the  mucous  membrane 
in  those  parts  where  they  abound,  its  apparent  thickness  depend- 
ing on  the  length  of  the  tubes,  which  differs  considerably  in  different 
regions.  The  tubes  open  by  one  end  on  the  surface  ;  the  other  end  is 
closed,  and  is  either  simple  or  cleft  into  two  or  more  branches.  The 
tubular  glands  are  abundant  in  the  stomach,  and  in  the  small  and 
large  intestines,  where  they  are  comparatively  short  and  known  as  the 
crypts  of  Lieberkiihn.  They  exist  also  in  considerable  numbers  in  the 
mucous  membrane  of  the  uterus. 

2.  Small  compound  glands. — Under  this  head  are  here  comprehended 
minute  but  still  true  compound  glands  of  the  racemose  kind,  with  single 
branched  ducts  of  various  lengths,  which  open  on  diflFerent  parts  of  the 
membrane.  Numbers  of  these,  yielding  a  mucous  secretion,  open  into 
the  mouth  and  windpipe.    To  the  naked  eye  they  have  the  appearance 


Fig.  139. — Portion  of  Mir- 
cors  Membrane  of  the 
Stomach,  slightly  mag- 
nified. Tte  alveolar  pits 
and  small  orifices  of  the 
tubular  glands  are  seen 
(after  Ecker). 


210  THE   MUCOUS   MEMBRANES 

of  small  solid  bodies,  often  of  a  flattened  lenticular  form,  but  varying' 
much  both  in  shape  and  size,  and  placed  at  different  depths  below  the 
mucous  membrane  on  Avhich  their  ducts  open.  The  glands  of  Brunner, 
which  form  a  dense  layer  in  the  commencing  part  of  the  duodenum,  are 
of  this  kind. 

3.  SolUarii  and  agminated  glands,  Conglolaie  glands  (Eenle),  foUkidar 
glands  (Kolliker),  Igmplwid  glands. — Found  in  various  parts  of  the 
alimentary  mucous  membrane.  They  may  be  single  {solitary 
glands),  or  in  patches  [agminated  glands),  and  commonly  extend 
down  into  the  submucous  tissue.  They  are  small  rounded  bodies  con- 
sisting of  fine  retiform  tissue,  supporting  radiating  blood-capillaries, 
with  lymph-corpuscles  in  the  meshes,  and  communicating  with  similar- 
tissue  (lymphoid  tissue)  diffused  in  the  adjacent  part  of  the  membrane. 
Several  of  these  follicles  are  sometimes  placed  round  a  recess  of  the- 
mucous  membrane  which  opens  on  the  surface,  and  Avhich  may  be 
simple,  as  in  certain  glands  at  the  root  of  the  tongue  and  in  the  pharynx,, 
or  complex  and  multilocular,  as  in  the  tonsils. 

These  Ijanplioid  follicles,  although  designated  as  glands,  pour  out  no  secretion- 
on  a  surface.  They  are  to  be  regarded  as  dependencies  of  the  lymphatic  system, 
and  as  probably  concerned  in  the  production  of  lymph  corpuscles.  At  all  events, 
the  lymphatics  are  extremely  abundant  in  their  immediate  neighbourhood,  and  iir 
some  places  form  a  kind  of  sinus  closely  surrounding  the  follicle. 

The  mucous  membranes  are  supplied  with  nerves,  and  endowed 
with  sensibility  ;  but  the  proportion  of  nerves  which  they  receive, 
as  well  as  the  degree  of  sensibility  which  they  possess,  differs  very 
greatly  in  different  parts.  The  mode  of  distribution  and  termination 
of  these  nerves  will  be  dealt  with  in  describing  the  special  anatomy  of 
the  parts  where  they  occur. 

Secretion. — Mucus  is  a  more  or  less  viscid,  transparent,  or  slightly  turbid  flluid,. 
of  variable  consistency.  It  is  somewhat  heavier  than  water,  though  expectorated 
mucus  is  generally  prevented  from  sinking  in  that  liqmd  by  entangled  air- 
bubbles.  Examined  with  the  microscope,  it  is  found  to  consist  of  a  fluid,  con- 
taining solid  particles  of  various  kinds,  viz.,  1.  Epithelium  particles  detached  by 
desquamation  ;    2.  Corpuscles  resembliag  the  pale  corpuscles  of  the  blood  ;    3. 

Granules  and  molecules  occasionally.     The  visci- 
Fig.  139*.  dity  of  mucus  depends  on  the  liquid  part,  which 

contains    a    peculiar    substance,    named    by   the- 
chemists  vnicin.     This  ingredient  is  precipitated 
and  the  mucus  rendered  turbid  by  the  addition  of 
water  or  a  weak  acid,  but  it  may  be  partly  redis- 
solved  in  an  excess  of  water,  and  completely  so  in. 
a  strong  acid.     This  mucin  is  soluble  in  alkalies, 
and  its    acid   solutions  are    not    precipitated  by 
ferrocyanide  of  potassium.     Little  can,  of  course, 
be  expected  fi'om  a  chemical  analysis  of  a  hetero- 
geneous and  inseparable  mixture  of  solid  particles- 
■with  a  liquid  solution,  such  as  v,-e  find  in  mucus. 
.Fig.  139*. — Goblet-Cells  FROM     which    is,   moreover,   subject    to    differences    of 
Trachea  of  Rabbit.   Highly      quality   according   to    the   part   of    the    mucous- 
Magnified  (Klein).  membrane  whence  it  is  derived.     Examined  thus, 

however,  nasal  mucus  has  been  found  to  yield, 
besides  water  and  mucin,  alcohol-extract  with  alkaline  lactates,  water-extract 
vith  traces  of   albumin  and  a  phosphate,  chlorides  of  sodium  and  potassium,, 
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and  soda.  Fat  lias  been  obtained  by  analysis  of  pulmonary  mucus,  reputed 
healthy. 

The  mucus  is  secreted  jDartly  by  the  general  surface  of  the  membrane,  partly 
hy  siaecial  racemose  and  tubular  glands.  It  is  i:)roduced  withm  the  epithelium- 
cells,  and  accumulates  in  them  during  the  inter\'als  of  secretion,  in  the  columnar 
epithelium  principally  near  the  free  extremity.  On  the  addition  of  \Yater  the 
mucus  swells  up,  and  may  eventually  burst  through  the  end  of  the  cell,  ajjijearing 
on  the  surface  as  a  pellucid  drop.  The  nucleus  and  the  greater  part  of  the  cell- 
protoplasm  are  usually  forced  towards  the  attached  extremity.  It  is  in  this 
manner  that  the  so-called  •'  goblet-cells  "  appear  to  be  produced  :  occasionally,  in 
the  process  of  preparing  a  mucous  membrane  for  microscopical  examination, 
large  numbers  of  the  cells  may  undergo  the  transformation  (fig.  139  *). 

Reg-eneration. — The  reparatory  process  is  active  in  the  mucous  membranes. 
Breaches  of  continuity  occasioned  by  sloughing,  ulceration,  or  other  causes, 
readily  heal.  The  steps  of  the  process  have  been  examined  with  most  care  in  the 
healing  of  ulcers  of  the  large  intestine,  and  in  such  cases  it  has  been  found  that 
the  resulting  cicatrix  becomes  covered  with  epithelium,  but  that  the  tubular 
glands  are  not  reproduced. 

The  mucous  membrane  of  the  uterus  becomes  disintegrated  and  cast  off  during 
each  menstrual  flow,  and  is  completely  regenerated  before  the  next  monthly 
period.  The  process  of  destruction  and  renovation  has  recently  been  carefully 
traced  and  described  by  Dr.  John  Williams  (Proceedings  of  the  Royal  Society, 
April,  1874). 

THE    SKIK. 

The  skin  consists  of  the  cutis  vera  or  corium,  and  the  cuticle  or 
epidermis. 

EPIDERMIS,     CUTICLE,     OB,     SCARF-SKIN. 

This  belongs  to  the  class  of  stratified  epithelia,  the  general  nature 
of  which  has  been  already  considered.  It  forms  a  protective  covei'- 
ing  over  every  part  of  the  true  skin,  and  is  itself  non-vascular.  The 
thickness  of  the  cuticle  varies  in  different  parts  of  the  surface, 
measuring  in  some  not  more  than  vioth,  and  in  others  from  -J^th 
to  ^Vth  of  an  inch.  It  is  thickest  in  the  palms  of  the  hands  and 
soles  of  the  feet,  where  the  skin  is  much  exposed  to  pressure,  and 
it  is  not  improbable  that  this  may  serve  to  stimulate  the  subjacent 
true  skin  to  a  more  active  formation  of  epidermis  ;  but  the  diiference 
does  not  depend  solely  on  external  causes,  for  it  is  well  marked  even  in 
the  foetus. 

Structure. — The  cuticle  is  made  up  of  cells  agglutinated  together  in 
many  irregular  layers.  The  deepest  cells  are  elongated  in  figure,  and 
placed  perpendicularly  on  the  surface  of  the  corium  (figs.  140  b  and  144) ; 
they  are  denticulate  at  their  lower  ends,  and  fit  into  corresponding  fine 
denticulations  of  the  corium  into  which  they  appear  to  send  processes 
(fig.  144).  The  perpendicular  cells  generally  form  one,  but  in  some 
places  two  or  three  strata ;  above  them  are  cells  of  a  more  rounded 
shape.  These,  as  first  shown  by  Max  Schultze  and  Yirchow,  are 
marked  on  their  surface  with  numerous  ridges  and  furrows  (in  some 
cases  with  minute  spines).  The  ridges  of  neighbouring  cells  do  not, 
however,  interlock  one  with  another  as  was  at  first  supposed,  but  on 
the  contrary,  meet  at  their  summits  so  as  to  leave  between  the  cells 
fine  channels  through  which  it  is  conceived  nutrient  plasma  may  be 
conducted  to  tlie  cells.  These  ridged  cells  form  several  strata  ;  above, 
they  become  gradually  more  flattened  conformably  to  the  surface  until 
a  layer  is  reached  in  which  it  becomes  difficult  in  sections  to  trace  the 
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outlines  of  the  individual  cells.  Immediately  above  this,  which  may- 
be looked  upon  as  the  commencement  of  the  horny  layer  of  the  epi- 
dermis (see  below),  is  a  stratum  of 
considerable  thickness  in  which  the 
cells  are  much  enlarged,  and  the 
nuclei  in  many  cases  no  longer 
visible  :  towards  the  surface  they 
pass  into  the  hard  flattened  scales 
which  are  to  be  thrown  off  by 
desquamation.  As  the  cells  change 
their  form,  they  undergo  chemical 
and  physical  changes  in  the  nature 
of  their  contents  ;  for  in  the  deeper 
layers  they  consist  of  a  soft,  granu- 
lar, protoplasmic  matter,  soluble  in 
acetic  acid,  whilst  the  superficial 
ones  are  transparent,  dry,  and  firm, 
and  are  not  affected  by  that  reagent. 
It  would  seem  as  if  their  contents 
were  converted  into  horny  matter, 
and  that  a  portion  of  this  substance 
is  employed  to  cement  them  to- 
gether. These  dry  hard  scales  may 
be  made  to  reassume  their  cellular 
form,  by  exposure  for  a  few  minutes 
to  a  solution  of  caustic  potash  or 
soda,  and  then  to  water.  Under 
this  treatment  they  are  softened 
by  the  alkali,  and  distended  by 
imbibition  of  water. 
The  more  firm  and  transparent  superficial  part,  or  horny  layer,  of  the 
epidermis,  d,  may  be  separated  after  maceration  from  the  deeper,  softer, 
more  opaque,  and  recently  formed  part,  which  constitutes  what  is  called 
the  Malpighian  layer,  or  rete  mucosum,  c. 

Many  of  the  cells  of  the  cuticle  contain  pigment  granules,  and  often 
give  the  membrance  more  or  less  of  a  tawny  colour,  even  in  the  white 
races  of  mankind  ;  the  blackness  of  the  skin  in  the  negro  depends 
entirely  on  the  cuticle.  The  pigment  is  contained  principally  in  the 
cells  of  the  deep  layer  or  rete  mucosum,  and  appears  to  fade  as  they 
approach  the  surface,  but  even  the  superficial  part  possesses  a  certain 
degree  of  colour.  More  special  details  respecting  the  pigment  have 
been  already  given  (page  51). 

Between  and  amongst  the  cells  of  the  Malpighian  layer  leucocytes 
are  occasionally  observed.  They  have  no  doubt  made  their  way  here 
from  the  corium. 

The  under  or  attached  surface  of  the  cuticle  is  moulded  on  the  adjoin- 
ing surface  of  the  corium,  and,  when  separated  by  maceration  or  pu- 
trefaction, presents  impressions  corresponding  exactly  with  the  papillary 
or  other  eminences,  and  the  furrows  or  deiDressions  of  the  true  skin ; 
the  more  prominent  inequalities  of  the  latter  are  marked  also  on  the 
outer  surface  of  the  cuticle,  but  less  accurately.  Fine  tubular  prolon- 
gations of  the  cuticle  sink  down  into  the  ducts  of  the  sweat-glands,  and 
are  often  partially  drawn  out  from  their  recesses  when  the  cuticle  is 


Fig.  140. — Skin  of  the  Negro,  vertical 
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(Kolliker). 

a,  a,  cutaneous  j)apillfe  ;  6,  under- 
most and  dark-coloured  layer  of  oblong 
Tertical  epidermis-cells  ;  c,  mucous  or 
Malpighian  layer  ;  d,  horny  layer. 
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detached,  appearing  then  like  threads  proceeding  from  its  under 
surface.  When  a  portion  of  the  cuticle  is  destroyed  by  a  blister,  or 
otherwise,  it  is  readily  regenerated. 

Ch.emical  composition. — The  cuticle  consists  principally  of  a  substance 
peculiar  to  the  epithelial  and  homy  tissues,  and  named  he  rat  In.  This  homy 
matter  is  insoluble  in  water  at  ordinary  temperatures,  and  also  in  alcohol. 
It  is  soluble  in  the  caustic  alkalies.  In  composition,  it  is  analogous  to  the 
albuminoid  principles,  but  with  a  somewhat  larger  proportion  of  oxgyen  ;  like 
these,  it  contains  sulphur.  Besides  keratin,  the  epidermis  yields,  on  analysis,  a 
small  amount  of  fat,  with  salts,  and  traces  of  the  oxides  of  iron  and  manganese. 
The  tissue  of  the  cuticle  readily  imbibes  water,  by  which  it  is  rendered  soft,  thick, 
and  opaque,  but  it  speedily  dries  again,  and  recovers  its  usual  characters. 

Development  and  gro-wth.  of  Epidermis. —  In  the  earliest  condition  of  the 
embryo  there  is  a  special  layer  of  cells,  derived  from  the  primitive  embryonic 
cells,  set  aside  for  the  production  of  the  epidermis  ;  and  it  is  quite  conceivable, 
and  by  some  histologists  considered  most  probable,  that  the  subsequent  generations  ' 
of  epidermic  and  epithelial  cells  by  which  the  tissue  is  throughout  life  maintained, 
are  derived  by  unbroken  descent  from  the  original  embryonic  stratum.  At  the 
same  time,  the  reproduction  of  epidermis  in  cicatrices  after  wide  and  deep  de- 
struction of  the  subjacent  skin,  implies  some  other  source  of  new  cells ;  unless 
indeed  it  be  supposed  that  the  new  cuticle  grows  exclusively  from  the  old  at  the 
circumference  of  the  sore.  Setting  aside  this  supposition .  we  might  conceive  the  new 
cells  to  come  from  the  connective  tissue  corpuscles,  or  at  least,  from  migratory  cells 
of  the  granulating  surface  of  the  new -growing  skin  ;  and  such  a  mode  of  reproduc- 
tion of  epidermis  has  been  described  as  actually  observed  ;  moreover,  it  may  be 
questioned  whether,  in  certain  situations,  this  may  not  be  the  regular  process  by 
which  the  growth  of  epithelium  is  maintained  :  the  readiness,  howev^,  with 
which  a  previously  obstinate  ulcer  will  often  become  covered  with  epidermis  if 
one  or  two  small  portions  of  that  tissue  are  transplanted  to  its  surface  from  some 
other  part,  would  indicate,  on  the  other  hand,  that  the  presence  of  some 
epithelial  cells  at  least  is  necessary  to  set  up  the  gro-n^th. 

"WTien  the  lowennost  cells  are  elongated  and  vertical,  it  is  difficult  to  conceive 
that  they  rise  up  as  such,  and  take  their  place  in  the  upper  strata  ;  for  the  cells 
next  above  them  are  spheroidal  in  shape  and  may  be  smaller  in  size.  It  seems 
more  likely  that  they  divide  into  or  produce  the  smaller  cells.  It  might  be 
supposed  that  an  oblong  vertical  cell,  by  division  of  its  nucleus  and  separation  of 
the  upper  portion  of  the  cell-body,  produces  a  new  and  smaller  cell,  which  rises 
up,  while  the  parent  cell  maintaias  its  place,  and  lengthens  out  again  for  a 
repetition  of  the  process. 

CORIUM. 

The  true  skin,  cutis  vera,  derma,  or  corium,  is  a  sentient  and 
vascular  texture.  It  is  covered  and  defended,  as  already  explained  by 
the  non-vascular  cuticle,  and  is  attached  to  the  parts  beneath  by  a 
layer  of  areolar  tissue,  named  "  subcutaneous,"  which,  excepting  in  a 
few  parts,  contains  fat,  and  has  therefore  been  called  also  the  "  panni- 
culus  adiposus  "  (fig.  155,  d).  The  connection  is  in  many  parts  loose 
and  movable,  in  others  close  and  firm,  as  on  the  palmar  surface  of  the 
hand  and  the  sole  of  the  foot,  where  the  skin  is  fixed  to  the  subjacent 
fascia  by  numerous  stout  fibrous  bands,  the  space  between  being  filled 
with  a  firm  padding  of  fat.  In  some  regions  of  the  body  the  skin  is 
moved  by  striated  muscular  fibres,  which  may  be  unconnected  to  fixed 
parts,  as  in  the  case  of  the  orbicular  muscle  of  the  mouth,  or  may  be 
attached  beneath  to  bones  or  fascise,  like  the  other  cutaneous  muscles 
of  the  face  and  neck,  and  the  short  palmar  muscle  of  the  hand. 

Structure. — The  corium  is  made  up  of  an  exceedingly  strong  and 
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tough  framework  of  interlaced  connective  tissue  fibres',  with  blood- 
vessels and  lymphatics.  The  fibres  are  chiefly  of  the  Avhite  variety,  such 
as  constitute  the  chief  part  of  the  fibrous  and  areolar  tissues,  and  are 
arranged  in  stout  interlacing  bundles,  except  at  and  near  the  surface, 
where  the  texture  of  the  corium  becomes  very  fine.*  With  these  are 
mixed  yellow  or  elastic  fibres,  which  vary  in  amount  in  different  parts, 
but  in  all  cases  are  present  in  smaller  proportion  than  the  former  kind ; 
also  connective  tissue  corpuscles,  fusiform  or  ramified,  and  for  the  most 
part  reticularly  anastomosing.  The  interlacement  becomes  much 
closer  and  finer  towards  the  free  surface  of  the  corium,  and  there  the 
fibres  can  be  discovered  only  by  teasing  out  the  tissue,  which  often 
acquires  an  almost  homogeneous  aspect.  Towards  the  attached  surface, 
on  the  other  hand,  the  texture  becomes  much  more  open,  with  larger 
and  larger  meshes,  in  which  lumps  of  fat  and  the  small  sudatory  glands 
are  lodged  ;  and  thus  the  fibrous  part  of  the  skin,  becoming  more  and 
more  lax  and  more  mixed  with  fat,  blends  gradually  with  the  subcu- 
taneous areolar  tissue,  to  which  it  is  allied  in  elementary  constitution. 
Bundles  of  plain  muscular  tissue  are  distributed  in  the  substance  of  the 
corium  wherever  hairs  occur  ;  and  their  connection  with  the  latter  will 
be  afterwards  explained.  Muscular  bundles  of  the  same  kind  are  found 
in  the  subcutaneous  tissue  of  the  scrotum,  penis,  perineum,  and  areola 
of  the  nipple,  as  well  as  in  the  nipple  itself.  They  join  to  form  reticular 
.superimposed  layers,  which  are  separated  from  the  parts  beneath  by 
a  stratum  of  simple  lax  areolar  tissue,  but  towards  the  surface  they 
are  immediately  applied  to  the  corium.  In  the  areola  they  are  disposed 
circularly. 

In  consequence  of  this  gradual  transition  of  the  corium  into  the  sub- 
jacent tissue,  its  thickness  cannot  be  assigned  Avith  perfect  precision. 
It  is  generally  said  to  measure  from  a  quarter  of  a  line  or  less  to  nearly 
a  line  and  a  half.  As  a  general  rule,  it  is  thicker  on  the  posterior 
aspect  of  the  head,  neck,  and  trunk,  than  in  front  ;  and  thicker  on  the 
outer  than  on  the  inner  side  of  the  limbs.  The  corium,  as  well  as  the 
cuticle,  is  remarkably  thick  on  the  soles  of  the  feet  and  palms  of  the 
hands.     The  skin  of  the  female  is  thinner  than  that  of  the  male. 

For  convenience  of  description  it  is  not  unusual  to  speak  of  the 
corium  as  consisting  of  two  layers,  the  "  reticular  "  and  the  "  papillary." 
The  former,  the  more  deeply  seated,  takes  no  part  in  the  construction  of 
the  papillge,  but  contains  in  its  meshes  hair  follicles,  cutaneous  glands, 
and  fat.  The  latter  is  divided  into  papilla;,  and  receives  only  the  upper 
portion  of  the  hair-follicles  and  glands,  together  with  the  terminal  ex- 
pansion of  the  vessels  and  nerves. 

The  free  surface  of  the  corium  is  marked  in  various  places  with  larger 
or  smaller  furrows,  which  also  affect  the  superjacent  cuticle.  The 
larger  of  them  are  seen  opposite  the  flexures  of  the  joints,  as  those  so 
well  known  in  the  palm  of  the  hand  and  at  the  joints  of  the  fingers. 
The  finer  furrows  intersect  each  other  at  various  angles,  and  may  be 
seen  almost  all  over  the  surface ;  they  are  very  conspicuous  on  the  back 
of  the  hands.  These  furrows  are  not  merely  the  consequence  of  the 
frequent  folding  of  the  skin  by  the  action  of  muscles  or  the  bending  of 
joints,  for  they  exist  in  the  foetus.     The  wrinkles  of  old  persons  are  of 

*  A  memhrana  pro]y!'ia,  or  basement-membrane,  is  sometimes  described  as  bounding  the 
corium  superficially,  like  that  found  in  the  mucous  membranes. 
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a  different  nature,  and  are  caused  by  the  wasting  of  the  soft  parts  which 
the  skin  covers.  Fine  curvilinear  ridges,  with  intervening  furrows, 
mark  the  skin  of  the  pahn  and  sole  ;  these  are  caused  by  ranges  of  the 
papilla3,  to  be  immediately  described. 

Papillae. — The  free  surface  of  the  corium  is  beset  with  small  emi- 
nences thus  named,  which  seem  chiefly  intended  to  contribute  to  the 


Fig.  141 


Fis.  142. 


Fig.  141.— Papillje,  as  seen  with  a  Microscope,  on  a  portion  of  the  True  Skin, 
FROM  which  the  Cuticle  HAS  BEEN  REMOVED  (after  Brescliet). 

Fig.  142. — Compound  Papill.e  from  the  Palm  of  the  Hand,  magnified  60  Diameters. 

a,  basis  of  a  papilla  ;  h,  h,  divisions  or  brandies  of  the  same  ;  c,  c,  branches  belonging 
to  pajpillfe  of  which  the  bases  are  hidden  from  view  (after  Kolliker). 


perfection  of  the  skin  as  an  organ  of  touch,  seeing  that  they  are  highly 
developed  where  the  sense  of  touch  is  exquisite,  and  vice  versa.  They 
serve  also  to  extend  the  surface  for  the  production  of  the  cuticular 
tissue,  and  hence  are  large-sized  and  numerous  under  the  nail.  The 
papilla  are  large,  and  in  close  array  on  the  palm  and  palmar  surface  of 
the  fingers,  and  on  the  corresponding  parts  of  the  foot  (fig.  142).  There 
they  are  ranged  in  lines  forming  the  curvilinear  ridges  seen  when  the 
skin  is  still  covered  with  its  thick  epidermis.  They  are  of  a  conical 
figure,  rounded  or  blunt  at  the  top,  and  sometimes  cleft  into  two  or  more 
points,  when  they  are  named  compound  papillae.  They  are  received  into 
corresponding  pits  on  the  under  surface  of  the  cuticle.  In  structure 
they  resemble  the  superficial  layer  of  the  corium  generally,  and  consist 
of  a  homogeneous  tissue,  presenting  only  faint  traces  of  fibrillation, 
together  Avith  a  few  fine  elastic  fibres.  On  the  palm,  sole,  and  nipple, 
where  they  are  mostly  of  the  compound  variet}^,  they  measure  from  -^^ 
^0  Too-  of  an  inch  in  height.  In  the  ridges,  the  larger  papillae  are 
placed  sometimes  in  single  but  more  commonly  in  double  rows,  with 
smaller  ones  between  them  (fig.  156),  that  is,  also  on  the  ridges,  for 
there  are  none  in  the  intervening  grooves.  These  ridges  are  marked  at 
short  and  tolerably  regular  intervals  with  notches,  or  short  transverse 
furrows,  in  each  of  which,  about  its  middle,  is  the  minute  funnel-shaped 
orifice  of  the  duct  of  a  sweat-gland  (fig.  143).  In  other  parts  of  the 
skin  endowed  with  less  sensibility,  the  papillte  are  smaller,  shorter, 
fewer  in  number,  and  irregularly  scattered.  On  the  face  they  are 
reduced  to  from  ^^^  to  -^  of  an  inch  ;  and  here  they  at  parts 
disappear  altogether,  or  are  replaced  by  slightly  elevated  reticular 
ridges.  In  parts  where  they  are  naturally  small,  they  often  become 
enlarged  by  chronic  inflammation  round  the  margin  of  sores  and  ulcers 
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of  long  standing,  and  are  then  much  more  conspicuous.  Fine  blood- 
vessels enter  most  of  the  papilla3,  forming  either  simple  capillary  loops 
in  each,  or  dividing  into  two  or  more  capil- 
lary branches,  according  to  the  size  of  the 
papilla  and  its  simple  or  composite  form,  which 
turn  round  in  form  of  loops  and  return  to  the 
veins.  Other  papillse  receive  nerves,  to  be 
presently  noticed. 

Blood-vessels  and  lymphatics. — The  blood- 
vessels divide  into  branches  in  the  subcutaneous 
tissue,  and,  as  they  enter  the  skin,  supply  cajjil- 
lary  plexuses  to  the  fat-clusters,  sweat-glands^ 
and  hair-follicles.  They  divide  and  anastomose 
still  further  as  they  approach  the  surface,  and 
at  length,  on  reaching  it,  form  a  dense  network 
of  capillaries,  with  rounded  polygonal  meshes. 
Fine  branches  are  seen  in  the  papillae,  a& 
abeady  mentioned.  The  lymphatics  are  abundant 
and  large  in  some  parts  of  the  skin,  as  on  the 
scrotum  and  round  the  nipple;  whether  they 
are  equally  so  in  all  parts  may  be  doubted. 
They  form  networks,  which  become  finer  as  they 
approach  the  surface,  and  communicate  under- 
neath with  straight  vessels,  and  these,  after  a 
longer  or  a  shorter  course,  join  larger  ones  or 
enter  lymphatic  glands.  The  finest  and  most 
superficial  network,  although  close  to  the  surface 
of  the  corium,  is  beneath  the  net  of  superficial 
blood-capillaries  ;  in  certain  parts  on  the  palm  and  sole,  lymphatics 
pass  into  the  papillse,  but  do  not  reach  their  summits.  Besides  these 
plexuses,  other  lymphatics  accompany  the  blood-vessels  to  which 
they  are  applied,  two  passing  commonly  to  each,  and  joining  and  anas- 
tomosing over  the  vessel. 

Nerves. — Nerves  are  supplied  in  very  different  proportions  to 
different  regions  of  the  skin,  and  according  to  the  degree  of  sensibility. 
They  pass  upwards  towards  the  papillary  surface,  where  they  form 
plexuses,  of  which  the  meshes  become  closer  as  they  approach  the  sur- 
face, and  the  constituent  branches  finer.  From  the  most  superficial  plexus 
which  lies  immediately  under  the  epithelium,  delicate  non-medullated 
fibrils  have  been  traced  passing  upwards  amongst  the  cells  of  the  Malpi- 
ghian  layer  of  the  cuticle,  where  they  end,  according  to  some  accounts,  in 
slightly  bulbous  free  extremities  ;  according  to  others,  in  a  plexus  of 
excessively  fine  fibrils.  A  large  share  of  the  cutaneous  nerves  is  distri- 
buted to  the  hair-follicles,  whilst  some  end  in  special  terminal  organs^ 
namely,  end-lulbs,  tactile  corpuscles,  and  Pacinian  hodies.  The  last- 
named  bodies  are  seated  in  the  subcutaneous  tissue.  End-bulbs  are 
found  on  the  glans  penis  and  glans  clitoridis,  and  in  some  of  the  papilige 
on  the  red  border  of  the  lips.  The  tactile  corpuscles  of  the  skin  are 
more  numerous ;  they  are  found  in  certain  papillse  of  the  palm  and 
sole,  more  sparingly  in  those  of  the  back  of  the  hand  and  foot,  the 
palmar  surface  of  the  fore-arm,  and  the  nipple.  Such  papillas  commonly 
contain  no  blood-vessels,  and  are  named  "tactile,"  (fig.  144,  h),  as  dis- 
tinguished from  the  "  vascular "  papillse  {a).     Sometimes,  however,  a 


Fig.  143.  —  Magnified 
View  of  four  of  thu 
eldges  of  the  epider- 
mis, carsed  by  rows  of 
Papilla  beneath,  with 
SHORT  Furrows  or 
Notches  across  them  : 
also  the  Openings 
of  the  Sudoriferous 
Ducts  (after  Brescliet). 
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tactile  and  a  vascular  papilla  may  spring  from  the  same  stem.     The 

Fig.  144. 


Fig.  144.- 


-Section  of  Skin  showing  two  PAPiiLiE  and  deeper  Layers  op  Epidermis. 
(Biesiadecki. ) 


a,  Vascular  papilla  with  capillary  loop  passing  from  subjacent  vessel  c  ;  6,  nerve  papilla 
■with' tactile  corpuscle,  t.  The  latter  exhibits  transverse  fibrous  markings  :  three  nerve- 
fibres,  d,  are  represented  as  passing  up  to  it  :  at  //  these  are  seen  in  optical  section. 

structure  of  these  different  terminal  corpuscles  has  been  already  described 
(pages  147  to  153). 

Chemical  composition. —The  corium  being-  composed  chiefly  of  white  fibrous 
tissue,  has  a  corresponding  chemical  composition.  It  is.  accordingly,  in  a  great 
measure,  resolved  into  gelatin  by  boiling-,  and  hence,  also,  its  conversion  into 
leather  by  the  tanning  process. 

Development  of  the  cutis. — The  cutis  consists  at  first  of  cells  which  may  be 
traced  back  to  the  fii'st  formative  cells  of  the  embryo.  Many  of  them  give  rise 
to  connective  tissue  ;  others  to  vessels  and  nerves  ;  and  a  third  portion  is  con- 
verted into  fat-cells.  The  mode  of  foi-mation  of  these  several  elementary  tissues 
has  been  aheady  described.  Progressive  development  takes  place  from  mthin 
outwards,  so  that  the  papillte  are  formed  latest. 

NAILS  AND   HAIES. 

The  nails  and  hairs  are  growths  of  the  epidermis,  agreeing  essentially 
in  nature  with  that  membrane ;  their  epidermic  tissue  is  destitute  of 
vessels  and  nerves,  and  separable  from  the  cutis. 

Nails. — The  posterior  part  of  the  nail  which  is  concealed  in  a  groove 
of  the  skin  is  named  its  "  root,"  the  uncovered  part  is  the  "  body,"  which 
terminates  in  front  by  the  "  free  edge."  A  small  portion  of  the  nail 
near  the  root,  named  from  its  shape  the  lunula,  is  whiter  than  the  rest. 
This  appearance  is  due  partly  to  some  degree  of  opacity  of  the  substance 
of  the  nail  at  this  point,  and  partly  to  the  skin  beneath  being  less  vas- 
cular than  in  front. 
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The  part  of  the  corium  to  Avhich  the  nail  is  attached,  and  by  which 
in  fact  it  is  secreted  or  generated,  is  named  the  matrix.  This  portion  of 
the  skin  is  highly  vascular  and  thickly  covered  with  large  vascular 
papillEe,  Posteriorly  the  matrix  forms  a  crescentic  groove  or  fold,  deep 
in  the  middle  but  getting  shallower  at  the  sides,  which  lodges  the  root 
of  the  nail ;  the  rest  of  the  matrix,  before  the  groove,  is  usually  named 
the  heel  of  the  nail.  The  small  lighter  coloured  part  of  the  matrix  next 
the  groove  and  corresponding  with  the  lunula  of  the  nail,  is  covered 
with  papillae  having  no  regular  arrangement,  but  the  whole  remaining 
surface  of  the  matrix  situated  in  front  of  this,  and  supporting  the  body 
of  the  nail,  is  marked  with  longitudinal  and  very  slightly  diverging 
ridges  cleft  at  their  summits  into  rows  of  papillae.  These  ridges,  or 
lamina;  as  they  are  sometimes,  and  perhaps  more  suitably,  named,  fit 
into  corresponding  furrows  on  the  under  surface  of  the  nail.  The 
cuticle,  advancing  from  the  back  of  the  finger,  becomes  attached  to  the 
upper  surface  of  the  nail  near  its  posterior  edge,  that  is,  all  round  the 
margin  of  the  groove  in  which  the  nail  is  lodged  ;  in  front  the  cuticle 
of  the  point  of  the  finger  becomes  continuous  with  the  under  surface  of 
the  nail  a  little  way  behind  its  free  edge. 

The  nail,  like  the  cuticle, 
is  made  up  of  epithelial 
cells.  The  oldest  and  most 
superficial  of  these  are  the 
broadest  and  hardest,  but 
at  the  same  time  very  thin, 
and  irregular,  and  so  inti- 
mately and  confusedly  con- 
nected together  that  their 
respective  limits  are  scarcely 
di  s  jernible.  They  form  the 
exterior,  horny  part  of  the 
nail,  and  cohere  together  ia 
irregular  layers,  so  as  to 
give  this  ^oxt  a  lamellar 
structure.  On  the  other 
hand,  the  youngest  cells, 
which  are  those  situated 
at  the  root  and  under  sur- 
face, are  softer  and  of  a 
rounded  or  polygonal  shape. 
The  deepest  layer  differs 
somewhat  from  the  others, 
in  having  its  cells  elon- 
gated, and  arranged  per- 
pendicularly, as  in  the  case 
of  the  epidermis.  Thus  the 
under  part  of  the  nail  (fig. 
145,  B)  corresponds  in 
nature  with  the  Malpi- 
ghian  or  mucous  layer  of 
the  epidermis,  and  the  upper  part  (c)  with  the  horny  layer.  As  in  the 
case  of  the  epidermis,  the  hardened  scales  may  be  made  to  reassume 
their   cellular  character  by  treatment  with   caustic  alkali,  and   after- 


-  ^  ...(^ 
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Fig.  145. — Vertical  Teansverse  Section  through 

A    SMALL     PORTION     OF     THE     NaIL     AND     MATRIX, 
HIGHLY    MAGNIFIED  (Kolliker). 

A,  corium  of  the  nail-bed,  raised  into  ridges  or 
laminae,  a,  fitting  in  between  corresponding  laminas, 
l),  of  the  nail ;  I!,  Malpighian,  and  C,  horny  layer  ; 
d,  deepest  and  vertical  cells  ;  e,  upper  flattened  cells 
of  Malpighian  layer. 
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wards  with  water ;  and  then  it  is  seen  that  they  still  retain  their 
nuclei.  In  chemical  composition  the  nails  resemble  epidermis  ;  but, 
according  to  Mulder,  they  contain  a  somewhat  larger  proportion  of 
carbon  and  sulphur. 

The  growth  of  the  nail  is  effected  by  a  constant  generation  of  cells  at 
the  root  and  under  surface.  Each  successive  series  of  these  ceils  being 
followed  and  pushed  from  their  original  place  by  others,  they  become  flat- 
tened into  dry,  hard,  and  inseparably  coherent  scales.  By  the  addition 
of  new  cells  at  the  posterior  edge  the  nail  is  made  to  advance,  and  by 
the  apposition  of  similar  particles  to  its  under  surface  it  grows  in 
thickness ;  so  that  it  is  thicker  at  the  free  border  than  at  the  root. 
The  nail  being  thus  merely  an  exuberant  part  of  the  epidermis,  the 
question  at  one  time  raised,  whether  that  membrane  is  continued 
underneath  it,  loses  its  significance.  When  a  nail  is  thrown  off  by 
suppuration,  or  pulled  away  by  violence,  a  new  one  is  produced  in  its 
place,  provided  the  matrix  remains. 

Development  of  tlie  nails.- — In  the  tliird  month,  of  intra-uterine  life  the  part 
of  the  embryonic  corium  -vrhich  becomes  the  matrix  of  the  nail  is  marked  off  by 
the  commencing  curvilinear  groove,  which  limits  it  posteriorly  and  laterally. 
The  epideimis  on  the  matrix  then  begins  to  assume,  in  its  under  pai-t,  the  cha- 
racters of  a  nail,  which  might,  therefore,  be  said  to  be  at  first  covered  over  by 
the  embryonic  cuticle.  After  the  end  of  the  fifth  month  it  becomes  free  at  the 
anterior  border,  and  in  the  seventh  month  decidedly  begins  and  thenceforth  con- 
tinues to  grow  in  length.  At  birth  the  free  end  is  long  and  thin,  being  mani- 
festly the  earlier  formed  part  which  has  been  pushed  foi-ward.  This  breaks  or 
is  pared  off  after  birth,  and,  as  the  infantile  nail  continues  to  grow,  its  flattened 
cells,  at  fii'st  easily  se^Darable,  become  harder  and  more  coherent,  as  in  after-life. 

Rate  of  growth.. — The  average  rate  of  growth  of  the  nails  is  about  ^  of 
an  inch  per  week  (Benham).  Berthold  found  that  the  nails  grow  rather  faster 
in  summer  than  in  winter,  and  faster  in  the  right  hand  than  in  the  left.  He 
also  observed  a  difference  in  the  nails  of  different  fingers  :  thus  it  was  fastest  in 
the  middle  finger  and  slowest  in  the  thumb.  A  careful  series  of  expeiiments  by 
Mr.  H.  J.  Benham.  hitheii;o  unpublished.  confiiTa  generally  the  observations  of 
Berthold.  but  no  clear  difference  could  be  observed  between  the  two  hands,  and 
the  growth  appeared  to  be  slowest  in  the  little  finger.  In  some  individuals  these 
differences  were  not  observed. 

Hairs. — A  hair  consists  of  the  root,  which  is  fixed  in  the  skin,  the 
shaft  or  stem,  and  the  point.     The  stem  is  generally  cylindrical,  but 

Fig.   146. 


Fig.  146. — A,  Surface  of  a  White  Hair,  magnified  160  Diameters.  The  Waved 
Lines  mark  the  upper  or  free  edges  of  the  Cortical  Scales.  B,  Separated 
Scales,  magnified  350  Diameters  (after  Kolliker). 

often  more  or  less  flattened :  when  the  hair  is  entire,  it  becomes  gra- 
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dually  smaller  towards  the  point.  The  length  and  thickness  vary 
greatly  in  diflFerent  individuals  and  races  of  mankind  as  well  as  in 
different  regions  of  the  body.  Light-colonred  hair  is  usually  finer  than 
black. 

The  stem  is  covered  with  a  coating  of  finely  imbricated  scales,  the 
upwardly  projecting  edges  of  which  give  rise  to  a  series  of  fine  waved 
transverse  lines,  which  may  be  seen  with  the  microscope  on  the  surface 
of  the  hair  (fig.  146,  a).  Within  this-  scaly  covering,  by  some  called 
the  hair-cutide,  is  a  fibrous  substance  which  in  all  cases  constitutes 
the  chief  part  and  often  the  whole  of  the  stem  ;  but  in  many  hairs  the 
axis  is  occupied  by  a  substance  of  a  dififerent  nature,  called  the  medulla 
ovjnth,  for  which  reason  the  surrounding  fibrous  part  is  often  named 
"  cortical,"  although  this  term  is  more  properly  applied  to  the  super- 
ficial coating  of  scales  above  mentioned.  The  fibrous  substance  is 
translucent,  with  short  longitudinal  opaque  streaks  of  darker  colour 
intermixed.  It  may  be  broken  up  into  straight,  rigid,  longitudinal 
fibres,  which,  when  separated,  are  found  to  be  flattened,  broad  in  the 
middle  and  pointed  at  each  end,  with  dark  and  rough  edges.  The 
fibres  may  be  resolved  into  flattened  cells  of  a  fusiform  outline ;  these 
are  mostly  transparent,  or  marked  with  only  a  few  dark  specks.  The 
colour  of  the  fibrous  substance  is  caused  by  oblong  patches  of  pigment- 
granules,  and  generally  diffused  colouring  matter  of  less  intensity. 
Very  slender  elongated  nuclei  are  also  discovered  by  means  of  reagents, 
whilst  specks  or  marks  of  another  description  in  the  fibrous  substance 
are  occasioned  by  minute  irregularly  shaped  cavities  containing  air. 
These  air-lacunules  are  abundant  in  white  hairs,  and  in  very  dark  hairs 
may  be  altogether  wanting ;  they  are  best  seen  too  in  the  former,  in 
which  there  is  no  risk  of  deception  from  pigment-specks.  Viewed  by 
transmitted  light  they  are  dark,  but  brilliantly  white  by  reflected  light. 
When  a  white  hair  has  been  boiled  in  water,  ether,  or  oil  of  turpentine, 
these  cavities  become  filled  with  fluid,  and  are  then  quite  pellucid; 
but  when  a  hair  Avhich  has  been  thus  treated  is  dried,  the  air  quickly 
finds  its  way  again  into  the  lacunae,  and  they  resume  their  original  aspect. 

The  medulla  or  pith,  as  already  remarked,  does  not  exist  in  all  hairs. 
It  is  wanting  in  the  fine  hairs  over  the  general  surface  of  the  body,  and 
is  not  commonly  met  with  in  those  of  the  head  ;  nor  in  the  hairs  of 
children  under  five  years.  When  present  it  occupies  the  centre  of  the 
shaft  and  ceases  towards  the  point.  It  is  more  opaque  and  deep- 
coloured  than  the  fibrous  part ;  in  the  white  hairs  of  quadrupeds  it  is 
white,  but  opaque  and  dark  when  seen  by  transmitted  light.  It  seems 
to  be  composed  of  little  clusters  of  cells,  differing  in  shape,  but  gene- 
rally angular,  and  containing  minute  particles,  some  resembling  pigment- 
granules,  and  others  like  very  fine  fat  granules,  but  really  for  the  most 
part  air  particles,  aj^parently  included  in  some,  solidified  tenacious  sub- 
stance. The  whole  forms  a  continuous  dark  mass  along  the  middle  of 
the  stem,  interrupted  at  parts  for  a  gi-eater  or  less  extent.  In  the  latter 
case,  the  axis  of  the  stem  at  the  inteiTuptions  may  be  fibrous  like  the 
surrounding  parts,  or  these  intervals  may  be  occupied  by  a  clear  colour- 
less matter;  and,  according  to  Henle,  some  tairs  present  the  appear- 
ance of  a  sort  of  canal  running  along  the  axis  and  filled  in  certain  parts 
with  opaque  granular  matter,  and  in  others  with  a  homogeneous  trans- 
parent substance. 

The  root  of  the  hair  is  lighter  in  colour  and  softer  than  the  stem  ; 


STRUCTURE   OF    THE   HAIR-FOLLICLES. 


221 


it  swells  out  at  its  lower  end  into  a  bulbous  enlargement  or  knob 
(fig.  147  c),  and  is  received  into  a  recess  of  the  skin  named  the  Jiak- 
follide,  which,  when  the  hair  is  of  considerable  size,  reaches  down 
into  the  subcutaneous  fat. 

The  follicle,  which  receives  near  its  mouth  the  opening  ducts  of  one 
or  more  sebaceous  glands  (Jc,  Ic),  is  somewhat  dilated  at  the  bottom,  to 
correspond  with  the  bulging  of  the  root ;  it  consists  of  an  outer  coat 
continuous  with  the  corium  (fig.  147,  h  ;  148,  d,  d),  and  an  epidermic 

Fig.  147. 


Fiff. 


148. — Magnified  View  of  the   Root   of 
A  Hair,  (after  Kolilrauscli). 


Fig.  147. — Medium-sized  Hair 
IN  its  Follicle,  magnified 
50  Diameters  from  (Kolliker). 


a  stem  or  shaft  of  hair  cut  across  ;  &,  inner, 
and  c,  outer  layer  of  the  eijidermic  lining  of  the 
hair -follicle,  called  also  the  inner  and  outer  root- 
sheath  ;  d,  dermic  or  external  coat  of  the  hair- 
follicle,  shown  in  part  ;  e,  imbricated  scales  about 
to  form  a  cortical  layer  on  the  surface  of  the  hair. 
The  adjacent  cuticle  of  the  root-sheath  is  not  repre- 
sented, and  the  papilla  is  hidden  in  the  lower 
part  of  the  knob  where  that  is  represented  ligbter. 


lining  (fig.  147,  e,f;  148,  I,  c),  con- 
tinuous with  the  cuticle. 

The  outer  or  dermic  coat  of  tlie  fol- 
licle (fig.  149,  1  in  tranvsverse  section) 
is  thin'but  firm,  and  consists  of  three 
layers.  The  most  external  (fig.  149,  a) 
is  formed  of  connective  tissue  in  longi- 
tudinal bundles,  without  any  elastic 
fibres,  but  with  numerous  corpuscles. 
It  is  highly  vascular,  and  provided  with  nerves.  It  is  intimately  con- 
nected above  with  the  corium,  and  determines  the  form  of  the  follicle. 
The  most  internal  layer  (/ii/aline  layer,   Kolliker)   (fig.   149,  d)  is  a 


a,  stem  cut  short ;  6,  root ;  c, 
knob  ;  d,  hair- cuticle  ;  e,  internal 
and  /,  external  root-sheath  ;  ff,  h, 
dermic  coat  of  follicle  ;  i,  papilla  ; 
k,  k,  ducts  of  sebaceous  glands  ;  I, 
corium  ;  in,  mucous  layer,  and  /;, 
horny  layer  of  epidermis  ;  o,  upper 
limit  of  internal  root-sheath  (from 
Kolliker). 
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transparent  homogeneous  membrane,  marked  transversely  on  its  inner 
surface  with  some  raised  lines,  and  not  reaching  so  high  as  the  mouth 
of  the  follicle  ;  it  corresponds  with  the  membrana  propria  or  basement 
membrane  of  analogous  structures,  and,  like  that,  probablj'  consists  of 
flattened  cells.  Between  the  two  is  a  layer  extending  from  the  bottom 
of  the  follicle  as  high  as  the  entrance  of  the  sebaceous  glands,  com- 
posed of  an  indistinctly  fibrous  matrix,  tearing  transversely,  and  of 
transversely  disposed  connective  tissue  corpuscles,  with  oblong  nuclei, 
(fig.  149,  c).  This  layer,  which  seems  to  be  a  form  of  connective 
tissue,  receives  capillary  blood-vessels. 

The  epidermic  coat  (fig.  149,  2)  of  the  follicle  adheres  closely  to  tlie 
root  of  the  hair,  and  commonly  separates,  in  great  part,  from  the  follicle 
and  abides  by  the  hair  when  the  latter  is  pulled  out ;  hence  it  is  some- 
times named  the  "root-sheath."  It  consists  of  an  outer,  softer,  and 
more  opaque  stratum  (fig.  148,  c,  c  ;  149,  e),  next  to  the  dermic  coat  of 
the  follicle,  and  an  internal  more  transparent  layer  (fig.  148,  &,  b  ;  149, 
fg)  next  to  the  hair.     The  former,  named  also  the  oide7'  root-sheath,  and 

l)y  much  the  thicker  of  the  two,  corre- 
sponds with  the  mucous  or  Malpighian 
layer  of  the  epidermis  in  general,  and 
contains  soft  growing  cells,  including- 
pigment  granules  in  the  coloured  races, 
which  at  the  lower  part  form  a  much 
thinner  stratum  and  pass  continuously  into 
those  of  the  hair-knob  ;  the  internal  layer 
or  inner  root-sheath,  represents  the  super- 
ficial or  horny  layer  of  the  epidermis  ac- 
cording to  some  authorities  ;  but  others 
maintain  that  it  is  not  continuous  with 
that  part  of  the  skin,  but  ceases  abruptly 
a  little  below  tlie  orifices  of  the  sebaceous 
ducts.  Lining  the  root-sheath  internally 
is  a  layer  of  imbricated  downwardly  pro- 
jecting scales,  the  cuticle  of  the  root-sheath 
(fig.  149,  h),  which  is  applied  to  the 
cortical  scaly  cuticle  of  the  hair  proper, 
to  whose  upwardly  directed  scales  it  fits  like 
a  mould.  Its  scales,  as  well  as  those  of  the 
hair-cuticle,  pass,  at  the  bottom  of  the  fol- 
licle, into  the  round  cells  of  the  hair-knob. 
The  inner  root-sheath  itself  consists  of  two 
layers,  which  towards  the  bottom  of  the  fol- 
licle become  blended  into  one  (fig.  149,/^). 
The  innermost  (that  next  the  cuticula)  is 
known  as  Huxley's  layer ;  it  consists  of 
flattened  polygonal  nucleated  cells,  two  or 
even  three  deep.  The  outermost  is  com- 
posed of  oblong,  somewhat  flattened  cells 
without  nuclei,  in  which  fissures  and  holes 
are  liable  to  occur  from  accidental  laceration,  so  as  to  give  it  the  aspect 
of  a  perforated  or  fenestrated  membrane.  At  the  lower  part  both  layers 
pass  into  a  single  layer  of  large  polygonal  nucleated  cells  without  open- 
ings between  them. 


Fig.     149. — Section     op    Hair 
Follicle  (Biesiadecki). 

1,  Dermic  coat  of  follicle  ;  2, 
epidermic  coat  or  root-sheath  ;  a. 
Outer  layer  of  dermic  coat,  with 
blood-vessels,  b,  6,  cut  across  ;  c, 
middle  layer  ;  d,  inner  or  hyaline 
layer  ;  c,  outer  root-sheath  ;  /,  fj, 
inner  root-sheath  ;  h,  cuticle  of 
root-sheath  ;  I,  hair. 


MUSCULAE  FIBRES   OF   HAIIl-FOLLICLES.  223 

The  soft,  bulbous  enlargement  of  the  root  of  the  hair  is  attached 
by  its  base  to  the  bottom  of  the  follicle,  and  at  the  circumference  of 
this  attached  part  it  is  continuous  with  the  epidermic  lining.  At 
the  bottom  of  the  follicle  it,  in  fact,  takes  the  place  of  the  epidermis, 
of  which  it  is  a  growth  or  extension,  and  this  part  of  the  follicle  is  the 
true  matrix  of  the  hair,  being,  in  reality,  a  part  of  the  corium 
(though  sunk  below  the  general  surface),  which  supplies  material  for 

Fi<r.  150.  Fig.  151. 


Fig.  150. — Section  of  the  Skix  of  the  Heap,  -u-ith  two  Hair  Follicles,  slightly 

IMagnified  (Kolliker). 

a,  epidermis  ;  h,  corium  ;  c,  muscles  of  the  hair-follicles. 

Fig.  151. — Hair  Rudiment  from  an  Embryo  of  Six  Weeks,  magnified  350  Diameters 

(Kolliker). 

a,  horny,  and  h,  mucous  or  iMalpigliian  layer  of  cuticle  ;  /,  limitaiy  membrane  ;  m,  cells, 
some  of  which  are  assuming  an  oblong  figure,  which  chiefly  form  the  future  hair. 

the  production  of  the  hair.  From  the  bottom  of  this  follicle  rises  a 
small  vascular  papilla,  usually  ,of  a^ conical  form,  which  fits  into  a 
corresponding  excavation  of  the  hair-knob  ;  in  the  large  tactile  hairs 
on  the  snout  of  the  seal  and  some  other  animals  it  is  very  conspicuous. 
As  the  follicle,  in  short,  is  a  recess  of  the  corium,  so  the  hair-papilla 
is  a  cutaueous  papilla  rising  up  in  the  bottom  of  it.  The  papilla  is 
sometimes  of  an  ovoid  shape,  and  attached  to  the  bottom  of  the  follicle 
by  a  narrow  base,  or  a  sort  of  pedicle  (fig.  147,  i).  Nervous  branches 
enter  the  hair-follicles,  but  their  final  distribution  is  obscure.  In  the 
tactile  hairs  of  animals,  they  are  described  as  passing  upwards  over 
the  outer  root-sheath,  losing  their  white  substance  and  forming  a  close 
plexus  with  vertical  meshes  and  numerous  nuclei ;  finally  terminating 
in  an  annular  expansion,  which  encircles  the  hair  just  below  the  orifices 
of  the  sebaceous  glands,  and  is  in  immediate  connection  with  the  hyaline 
layer  of  the  follicle.  In  the  larger  tactile  hairs  the  bulb  is  surrounded 
by  cavernous  tissue,  which  lies  between  the  outer  and  middle  layers  of 
the  dermic  coat.* 

Slender  bundles  of  plain  muscular  tissue  are  connected  with  the  hair- 
follicles  (fig.  150).  They  arise  from  the  most  superficial  part  of  the 
corium,  and  pass  doAvn  obliquely  to  be  inserted  into  the  outside  of  the 
follicle  below  the  sebaceous  glands.  They  are  placed  on  the  side  to 
which  the  hair  slopes,  so  that  their  action  in  elevating  the  hair  is 
evident.  Some  anatomists  have  also  described  a  layer  of  circularly  dis- 
posed muscular  cells  as  applied  immediately  to  the  outside  of  the  follicle. 

*  See  papers  by  Leydig,  Stieda,  Schobl,  and  others. 
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Development  of  hair  in  the  foetus. — The  rudiments  of  the  hairs  may  be  dis- 
cerned at  the  end  of  the  third  or  beginning  of  the  fourth  month  of  intra-uterine 
life,  as  little  black  specks  beneath  the  cuticle.  They  at  first  appear  as  little  pits 
in  the  corium  (fig.  151),  filled  with  cells  of  precisely  the  same  nature  as  those  of 
the  Malpighian  or  mucous  layer  of  the  cuticle,  with  which  they  are  continuous  ; 
so  it  miight  correctly  be  said  that  the  hair-rudiments  are  formed  of  down-growths 
of  the  mucous  layer,  which  sink  into  the  corium.  A  homogeneous  limiting' 
membrane  next  appears  (7).  inclosing  the  collection  of  cells,  and  continuous 
above  with  a  similar  simple  film  which  at  this  time  lies  between  the  cuticle  and 
the  corium  ;  it  becomes  the  innermost  or  hyaline  layer  of  the  dermic  coat  of 
the  follicle.  The  hair-rudiments  next  lengthen  and  swell  out  at  the  bottom,  so 
as  to  assume  a  flask-shape  (fig.  1.52).  Cells  are  deposited  outside  the  limitary 
membrane,  which  eventually  give  rise  to  fibres,  corpuscles,  and  other  constituents 


Fig.  152. — A.  Rudiment  op  a  Hair  of  the  Eyebrow,  magnified  50  Diameters 

(Kolliker). 

The  cells  form  an  internal  cone  indicating  the  position  of  the  future  hair,  a,  horny 
layer  of  cuticle ;  h,  mucous  layer  ;  c,  external  layer  of  root-sheath  ;  i,  limitary  membrane  ; 
h,  papilla. 

B.— Hair-Eudiment   from   the   Eyebrow,    with   the   Young  Hair   not    yet    risen 

THROUGH    THE    CuTICLE. 

e,  hair-knob  ;  /,  stem,  and  (/,  point  of  the  hair  ;  d,  internal  layer  of  the  root-sheath, 
still  inclosing  the  hair  ;  n,  n,  commencing  sebaceous  follicles. 

C. — Hair-Follicle  from  the  Eyebrow  with  the  Hair  just  Protruded  ;    the  Inner 
Layer  op  the  Root-Sheath  rises  to  the  Mouth  of  the  Hair-Folliole. 

of  the  dei-mic  coat.  Wliile  this  is  going  on  outside,  the  cells  within  the  foUicle 
undergo  changes.  Those  in  the  middle  lengthen  out  conformably  v/ith  the  axis 
of  the  follicle,  and  give  rise  to  the  appearance  of  a  short  conical  miniature  hau% 
faintly  distinguishable  by  difference  of  shade  from  the  surrounding  mass  of 
cells,  Avhich  are  also  slightly  elongated,  but  across  the  direction  of  the  follicle. 
The  papilla  (fig.  1.52,  /;)  makes  its  appearance  at  the  swollen  root  of  the 
little  hair ;  and  the  residuary  cells  contained  within  the  rudimentary  follicle 
form  the  root-sheath,  the  inner  layer  of  which,  or  inner  root-sheath,  lying  next 
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to  the  hair  (fig.  152,  «'),  is  soon  distingnished  by  its  translucency  from  the  more 
opaque  outer  part  that  fiUs  up  the  rest  of  the  cavity.  The  young  hair  continuing 
to  grow,  at  last  perforates  the  cuticle  (fig.  152,  C.  o),  either  directly  or  after  fii-st 
slanting  up  for  some  way  between  the  mucous  and  homy  strata  :  it  is  often 
bent  lite  a  whip,  and  then  the  doubled  part  protrudes. 

The  first  hairs  produced  constitute  the  lanugo ;  their  eruption  takes  place 
about  the  fifth  month  of  intra-uterine  life,  but  part  of  them  are  shed  before 
birth,  and  are  found  floating  in  the  liquor  amnii.  Kolliker  afiirms  that  the 
infantile  hairs  are  entirely  shed  and  renewed  within  a  few  months  after  birth ; 
those  of  the  general  surface  fii-st,  and  afterwards  the  hairs  of  the  eyelashes  and 
head,  which  he  finds  in  process  of  change  in  infants  about  a  year  old. 

Regeneration. — The  new  hah's  are  generated  in  the  follicles  of  the  old  (figs.  153 
and  154).    An  increased  growth  of  cells  takes  place  in  the  soft  hair-knob,  and  in 


Fiff.  153. 


Fig.  154. 


Fig.  153. — Two  Eyelashes  of  as-  Infant,  pulled  out  froji  their  Follicles, 
MAGNIFIED  20  DiAJiETERS  (KoIliker). 

A,  the  new  ceU-growth  forming  a  cone,  m,  in  the  interior  (as  in  fig.  152,  a).  In  B,  the 
cone  has  separated  into  the  new  hair,  /,  g,  and  its  inner  root-sheath,  6 ;  a,  outer,  and 
6,  inner  root-sheath  of  new  hair  ;  c,  pit  for  papilla ;  d  and  e,  the  knob  and  stem  of  old 
hair  ;  /,  knob  ;  g,  stem  ;  and  h,  the  point  of  new  hah ;  i,  sebaceous  glands  ;  k,  k,  sweat- 
glands  here  opening  into  mouth  of  hair-follicle. 

Fig.  154. — Eyelash  of   an   Infant,  with  Young   Hair   come  forth,  magnified  20 
Diameters  (KoUiker). 

Z,  epidermis  continuous  with  outer  root-sheath  ;  other  letters  as  in  preceding  figures, 

the  adjoining  part  of  the  root-sheath  (the  outer  layer)  :  the  growing  mass  pushes  up 
the  hair  knob,  and  detaches  it  from  its  generative  papiUa.  The  newly-formed  mass 
of  cells  occupying  the  lower  part  of  the  fbUicle,  and  resting  on  the  papilla,  is 
gradually  converted  into  a  new  hair  with  its  root-sheath,  just  as  in  the  primitive 
process  of  formation  in  the  embryo  :  and  as  the  new  hair  lengthens  and  emerges 
from  the  follicle,  the  old  one,  separated  from  its  matrix  by  the  interposition  of  the 
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new  growth,  is  gradually  pushed  towards  the  opening,  and  at  last  falls  out,  its 
root-sheath  having  previously  undergone  partial  absorption.  When  a  hair  is 
pulled  out,  a  new  one  grows  in  its  place,  provided  the  follicle  (from  which  the 
growth  proceeds)  remains  entire. 

Growtli  of  hair. — On  the  sui-face  of  the  papilla  or  vascular  matrix,  at  the 
bottom  of  the  follicle,  there  is  a  growth  of  nucleated  cells.  The  cells  for  the 
most  part  lengthen  out  and  unite  into  the  flattened  fibres  which  compose  the 
iibrous  part  of  the  hair,  and  certain  of  them,  previously  getting  filled  with  pig- 
ment, give  rise  to  the  coloured  streaks  and  patches  in  that  tissue  ;  their  nuclei, 
at  first,  also  lengthen  in  the  same  manner,  but,  at  last,  partly  become  indistinct. 
The  cells  next  the  circumference  expand  into  the  scales  which  form  the  imbri- 
cated cuticular  layer.  The  medulla,  where  it  exists,  is  fonned  by  the  cells  nearest 
the  centre  ;  these  retain  their  primitive  figm-e  longer  than  the  rest ;  they  become 
coherent,  and  theii-  cavities  may  coalesce  by  destruction  of  their  mutually  adherent 
parietes,  whilst  collections  of  granular  particles  of  fat  or  pigment,  and  occa- 
sionally minute  air  globules  make  their  appearance  between  and  in  them  and 
around  their  nuclei,  forming  an  oimque  mass,  which  occupies  the  axis  of  the  hair. 

The  substance  of  the  hair,  of  epidermic  nature,  is,  like  the  epidermis  itself, 
quite  extravascular,  but,  like  that  structure  also,  it  is  organised  and  subject  to 
internal  organic  changes.  Thus,  in  the  progress  of  its  growth,  the  cells  change 
their  figure,  and  acquke  greater  consistency.  In  consequence  of  their  elongation, 
the  hair,  bulbous  at  the  commencement,  becomes  reduced  in  diameter,  and  cylin- 
drical above.  But  it  cannot  be  said  to  what  precise  distance  from  the  root' 
organic  changes  may  extend.  Some  have  imagined  that  the  hairs  are  slowly 
permeated  by  a  fluid  from  the  root  to  the  point,  but  this  has  not  been  proved. 
The  sudden  change  of  the  colour  of  the  hair  from  dark  to  gi'ey,  which  some- 
times happens,  has  never  been  satisfactorily  explained  :  it  appears,  in  some- 
instances  at  least,  to  be  due  to  the  development  of  air  between  and  among  the- 
cells  composing  the  hau-. 

Berthold  found  the  rate  of  grcwth  to  be  about  half-an-inch  per  month.^ 
This  was  in  the  hairs  of  the  head.  Erasmus  Wilson  states  that  in  the  beard 
the  rate  of  growth  is  -|  inch  per  week. 

Distribution  and  arrang-ement. — Hau's  are  found  on  all  parts  of  the  skin 
except  the  palms  of  the  hands  and  soles  of  the  feet,  the  dorsal  surface  of  the 
third  phalanges  of  the  fingers  and  toes,  the  upper  eyelids,  the  glans.  and  the  inner 
surface  of  the  prepuce.  On  the  scalp  they  are  set  in  groups,  on  the  rest  of  the 
skin  for  the  most  part  singly.  Except  those  of  the  eyelashes,  which  are  im- 
planted perpendicularly  to  the  surface,  they  have  usually  a  slanting  dii'ection,^ 
which  is  wonderfully  constant  in  the  same  parts. 

Cheniical  nature. —  The  chemical  composition  of  hair  has  been  investigated 
principally  by  Vauquelin,  Scherer,  and  Van  Laer.  AVhen  treated  with  boiling 
alcohol  and  with  ether,  it  jdelds  a  certain  amount  of  oily  fat,  which  is  red  or 
dark-coloured,  according  to  the  tint  of  the  hau\  The  animal  matter  of  the  hair 
thus  freed  from  fat,  is  supposed  to  consist  of  a  substance  jdelding  gelatine,  and  a, 
protein  compound  containing  a  large  proportion  of  srdphru-.  It  is  insoluble  in 
water,  unless  by  long  boiling  under  pressure,  by  which  it  is  reduced  into  a  viscid 
mass.  It  readily  and  completely  dissolves  in  caustic  alkalies.  By  calcination,  hair 
yields  from  1  to  1^  per  cent,  of  ash,  which  consists  of  the  following  ingredients 
— viz.,  peroxide  of  u'on,  and  according  to  Vauquelin,  traces  of  manganese,  silica, 
chlorides  of  sodium  and  potassium,  sulphates  of  lime  and  magnesia,  and  phosphate 
of  lime.  With  the  exception  of  the  bones  and  teeth,  no  tissue  of  the  body  -with- 
stands decay  after  death  so  long  as  the  hair,  and  hence  it  is  often  found  preserved 
in  sepulchres,  when  nothing  else  remains  but  the  skeleton. 

GLANDS     OF     THE     SKIN. 

Tlie  sudoriferous  glands  or  sweat-glands  (figs.  155  and  156). — 
These  are  seated  on  the  under  surface  of  the  cerium,  and  at  yariable 
depths  in  the  subcutaneous  adipose  tissue.  They  have  the  appearance 
of  Bmall  round  reddish  bodies,  each  of  which,  when  examined  with  the 
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microscope,  is  found  to  consist  of  a  fine  tube,  coiled  up  into  a  ball 
(though  sometimes  forming  an  irregular  or  flattened  figure) ;  from  -which 
the  tube  is  continued,  as  the  duct  of  the  gland,  upwards  through  the 


Fig.  156. 
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Fig.  155. —Vertical  Section  of    the  Skin  and  Subcutaneous  Tissue,  from  end  of 
THE  Thumb,  across  the  Ridges  and  Furrows,  magnified  20  Diameters  (Kolliker). 

a,  horny,  and  &,  mucons  layer  of  the  epidermis  ;  c,  corium  ;  rf,  panniculus  adiposiis  ; 
e,  papillae  on  the  ridges ;  /,  fat-clusters  ;  g,  sweat-glands ;  li,  sweat-dacts  ;  i,  their- 
oj)ening3  on  the  surface. 

Fig.   156. — Magnified  View  of  a  Sweat-G-land,  with  its  Duct  CWagner). 

a,  the  gland  surrounded  by  fat-cells  ;  5,  the  duct  passing  through  the  corium  ;  c,  its' 
continuation  tlirough  the  lower,  and  d,  through  the  upper  part  of  the  epidermis. 

true  skin  and  cuticle,  and  opens  on  the  surface  by  a  slightly  widened 
orifice.  The  duct,  as  it  passes  through  the  epidermis,  is  twisted  like  a 
corkscrew,  that  is,  in  parts  where  the  epidermis  is  sufilciently  thick  to 
give  room  for  this  ;  lower  down  it  is  but  slightly  curved.  Sometimes 
the  duct  is  formed  of  two  coiled-up  branches  which  join  at  a  short 
distance  from  the  gland,  as  happens  to  be  the  case  in  the  specimen  repre- 
sented in  fig.  156.  The  tube,  both  in  the  gland  and  where  it  forms 
the  excretory  duct,  consists  of  an  investment  of  connective  tissue,  con- 
tinuous with  the  corium,  and  reaching  no  higher  than  the  surface  of 
the  true  skin,  a  thin  membrana  propria  and  an  epithelial  lining,  con- 
sisting of  one  or  more  strata  of  cells  (often  containing  brownish 
pigment),  and  continuous  with  the  epidermis,  which  alone  forms  the 
twisted  part  of  the  duct.  The  larger  gland-ducts  in  the  axilla,  at 
the  root  of  the  penis,  on  the  labia  majora,  and  in  the  neighbour- 
hood of  the  anus,  contain  between  their  coats  a  layer  of  non-striated 
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muscular  fibre-cells  arranged  longitudinally.    In  the  larger  glands,  more- 
over,   the    duct    is    rarely    simple,    being    more    usually  parted    by 

repeated  dichotomous  division 
Fig.  157.  into  several  branches,  which 

before  ending  give  off  short 
csecal  processes  ;  in  rare  cases 
the  branches  anastomose.  On 
carefully  detaching  the  cuticle 
from  the  true  skin,  after  its 
connection  has  been  loosened 
/  '         -      ^  by    putrefaction,     it    usually 

happens  that  the  cuticular 
linings  of  the  sweat-ducts  get 
separated  from  their  interior 
to  a  certain  depth,  and  are 
drawn  out  in  form  of  short 
threads  attached  to  the  under 

T,.    ^  ,^     „  c-         n  TT  surface  of  the  epidermis.    The 

Fig.  lo7 — Section  OP  A  SwEAT-GrLAND.    Highly  .,         r?     ,i       ■'■  i       i  •    i 

MAGNIFIED  (Biesiadecki).  coils   of    the   gland-tube  are 

loosely  held  together  by  con- 

Tlie  tubules  are  seen  variously  cut.     a,   base-      nective  tissue  (fig.  157),  which 

ment-membrane  ;  o,    lining   cells  ;    c,   lumen  ot  ^  j.      j?  i 

tube  ;    d,    blood-vessels  and  uniting  connective      ^^^^7   lO™^    ^    ^ort  Ot     CapSUle 

tissue.  round  the  body  of  the  gland. 

Each  little  sweat-gland  is  sup- 
plied with  a  dense  cluster  of  capillary  blood-vessels. 

The  contents  of  the  smaller  sweat-glands  are  fluid,  without  any  formed  elements  ; 
but  in  the  larger  sweat-glands  of  the  axilla  the  contents  are  semi-fluid,  and 
abound  in  fine  pale  granules  and  nuclei  ;  or  their  secretion  is  extremely  viscid, 
with  a  varying  quantity  of  large,  opaque,  colourless,  or  yellow  granules,  with 
nuclei  and  cells,  similar  to  epithelium-cells  ;  and  in  both  cases  it  may  also  con- 
tain fat. 

Distribution. — Sweat-glands  exist  in  all  regions  of  the  skin,  and  attempts  have 
been  made  to  determine  their  relative  amount  in  different  parts,  for  they  are  not 
equally  abundant  everywhere ;  but,  while  it  is  easy  to  count  then'  numbers  in  a 
given  space  on  the  palm  and  sole,  the  numerical  proportion  assigned  to  them  in 
most  other  regions  must  be  taken  with  considerable  allowance.  According  to 
Krause,  nearly  2800  open  on  a  square  inch  of  the  palm  of  the  hand,  and  somewhat 
fewer  on  an  equal  extent  of  the  sole  of  the  foot.  He  assigns  rather  more  than 
half  this  number  to  a  square  inch  on  the  back  of  the  hand,  and  not  quite  so 
many  to  an  equal  portion  of  surface  on  the  forehead,  and  the  front  and  sides  of 
the  neck  ;  then  come  the  breast,  abdomen,  and  fore-arm,  where  he  reckons  about 
1100  to  the  inch,  and  lastly,  the  lower  limbs  and  the  back  part  of  the  neck  and 
trunk,  on  which  the  number  in  the  same  space  is  not  more  than  from  400  to  600. 

The  size  of  the  sweat-glands  also  varies.  According  to  the  observer  last  named, 
the  average  diameter  of  the  round-shaped  ones  is  about  one-sixth  of  a  line ;  but 
in  some  parts  they  are  larger  than  this — as,  for  example,  in  the  groin,  but 
especially  in  the  axilla.  In  this  last  situation  Ki-ause  found  the  greater  number 
to  measure  from  one-thii-d  of  a  line  to  a  line,  and  some  nearly  two  lines  in 
diameter. 

The  developm.ent  of  the  sweat-glands  has  been  carefully  studied  by  Kolliker. 
Their  rudiments,  when  first  discoverable  in  the  embryo,  have  much  the  same 
appearance  as  those  of  the  hairs,  and,  in  like  manner,  consist  of  processes  of  the 
mucous  layer  of  the  epidermis,  which  pass  down  and  are  received  iuto  corre- 
sponding recesses  of  the  corium.  They  are  formed  throughout  of  cells  collected  into 
a  solid  mass  of  an  elongated  pyriform,  or  rather  club  shape,  continuous  by  its  small 
end  with  the  soft  layer  of  the  cuticle,  and  elsewhere  sm-rounded  by  a  homo- 
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Fig.  15S. 


geneous  limiting'  membrane,  which,  is  prolonged  above  between  the  cerium 
and  cuticle.  The  subsequent  changes  consist  in  the  elongation  of  the  rudimentary 
gland,  the  formation  of  a  cavity  along  its 
axis — -at  hrst  without  an  outlet — the  prolonga- 
tion of  its  canal  through  the  epidermis  to  open 
on  the  surface,  and,  in  the  meantime,  the  coil- 
ing up  of  the  gradually  lengthening  gland- tube 
into  a  compact  ball,  and  the  twisting  of  the 
excretory  duct  as  it  proceeds  to  the  orifice.  The 
original  homogeneous  membrane  of  the  duct 
becomes  thickened  and  is  continuous  with  the 
surface  of  the  corium.  whilst  an  epithelium 
appears  within,  consisting  of  several  layers  of 
polyhedral  or  rounded  cells. 

The  ceruminous  glands  in  the  auditory 
passage  consist  of  a  tube  coiled  into  a 
ball,  like  the  sweat-glands ;  and  Kolliker's 
investigations  show  such  a  fui-ther  corre- 
spondence between  the  two,  in  structure  and 
mode  of  development  as  to  lead  him  to  regard 
the  ceruminous  glands  as  a  mere  local  variety 
of  the  sudoriferous,  which  present  sjoecialities 
both  of  structui'e  and  secretion  in  particular 
regions  of  the  body. 

The  sebaceous  glands  (fig.  158) 
pour  out  their  secretion  at  the  roots 
of  the  hairs,  for,  with  very  few  excep- 
tions, they  open  into  the  hair-follicles, 
and  are  found  wherever  there  are  hairs. 
Each  has  a  small  duct,  which  opens  at 
a  short  distance  within  the  mouth  of 
the  hair-follicle,  and  by  its  other  end, 
leads  to  a  cluster  of  small  rounded 
secreting  saccules,  which  as  well  as  the 
duct  are  lined  by  epithelium,  and 
usually  charged  with  the  fatty  secretion, 
mixed  with  detached  epithelium-par- 
ticles. The  number  of  saccular  recesses 
connected  with  the  duct  usually  varies 
from  four  or  five  to  twenty  ;  it  may 
be  reduced  to  two  or  three,  in  very 
small  glands,  or  even  to  one,  but  this 
is  rare.  These  glands  are  lodged  in  the 
substance  of  the  corium.     Several  may 

open  into  the  same  hair-follicle,  surrounding  it  on  all  sides,  and  their 
size  is  not  regulated  by  the  magnitude  of  the  hair.  Thus,  some  of  the 
largest  are  connected  with  the  fine  downy  hairs  on  the  alee  of  the  nose 
and  other  parts  of  the  face,  and  there  they  often  become  unduly  charged 
with  pent-up  secretion. 


Fig.  158. — Sebaceous  Gland  froit 
THE  Face  with  branched  duct, 

OPENING    INTO    A    HaIR-FoLLICLE, 
MAGNIFIED    50    DIAMETERS     (fl'Oni 

Kolliker). 

a,  epitheliuDi  contimious  with 
h,  the  mucous  layer  of  eijidermis  ; 
c,  contents  of  gland;  d,  d,  the 
groups  of  sacciiles  on  the  branches 
of  the  duct  ;  e,  hair -follicle ;  /, 
hair. 


Development  of  the  sebaceous  glands. — The  mdiments  of  the  sebaceous 
glands  sprout  like  little  buds  from  the  sides  of  the  hair-follicles  ;  they  are  at  first, 
in  fact,  excrescences  of  the  external  or  mucous  layer  of  the  root-sheath  (fig.  159), 
and  are  composed  entirely  of  nucleated  cells.  Each  little  process  soon  assumes 
a  flask  shape  and  is  at  first  solid  ;  but  in  due  time  a  group  of  cells  containing 
fat  particles   appears    in    its    centre,  and    gradually  extends   itself    along  the 
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Fig.  159. 
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axis  of  the  pedicle  until  it  penetrates  thi-ough  the  root-sheath,  and  the  fat-ceUs 

thus  escape  into  the  cavity  of  the  haii-- 
foUicle,  and  constitute  the  first  secretion 
of  the  sebaceous  gland.  They  are  soon 
succeeded  by  others  of  the  same  kind, 
and  the  little  gland  is  established  in  its 
cilice.  Additional  saccules  and  recesses,  by 
wliich  the  originally  simple  cavity  of  the 
gland  is  complicated,  are  formed  by  budding 
out  of  its  epithelium,  as  the  fii'st  was  pro- 
duced from  the  epithelial  root-sheath,  and 
are  excavated  in  a  similar  manner. 

It  would  thus  appear  that  the  rudiments 
of  the  hair-follicles,  sweat-glands,  and 
sebaceous  glands,  are  all  derived  from  the 
same  source.  They  all  originally  appear  as 
solid  bud-like  excrescences  of  the  soft 
Malpighian  or  mucous  layer  of  the  epidermis, 
(for  the  outer  stratum  of  the  root-sheath, 
must  be  regarded  as  such)  ;  these  grow 
down  into  the  corium,  in  which  recesses 
are  formed  to  receive  them,  and  which,  of 
course,  yields  the  material  required  both  for 
the  production  of  new  cells,  for  their  further 
growth,  and  for  the  maintenance  of  their 
secreting  function. 


B^^ 


Pig.  159. — Development  of  a  Se- 
baceous Gland  in  a  six  months' 
FcETus,  250  Diameters  (Kolliker). 

a,  hair  ;  6,  inner  root-sheath  ;  c, 
outer  root-sheath  of  hair-follicle  ;  d, 
rudiment  of  sebaceous  gland. 


Functions  and  vital  properties  of  the  skin.— The  skin  foiins  a  general  ex- 
ternal tegument  to  the  body,  defining  the  surface,  and  coining  into  relation  with 
foreign  matters  externally,  as  the  mucous  membrane,  with  which  it  is  continuous 
and  in  many  respects  analogous,  does  internally.  It  is  also  a  vast  emunctory,  by 
which  a  large  amount  of  fluid  is  eliminated  from  the  system,  in  this  also  resem- 
bling certain  parts  of  the  mucous  membrane.  Under  certain  conditions,  moreover, 
it  performs  the  office  of  an  absorbing  surface,  but  this  function  is  greatly  re- 
stricted by  the  epidermis.  Throughout  its  whole  extent  the  skin  is  endowed  with 
tactile  sensihUity,  but  in  very  different  degrees  in  different  parts.  On  the  skin  of 
the  palm  and  fingers,  which  is  largely  supplied  with  nerves  and  furnished  with 
numerous  prominent  papilla,  the  sense  attains  a  high  degree  of  acuteness  ;  and 
this  endowment,  together  with  other  conformable  arrangements  and  adaptations, 
invests  the  human  hand  with  the  character  of  a  special  organ  of  touch.  A  certain 
though  low  degree  of  vital  contractility,  depending  doubtless  on  the  muscular 
fibres  in  its  tissue,  also  belongs  to  the  skin.  This  shows  itself  in  the  general 
shrinking  of  the  skin  caused  by  naked  exposui-e  to  cold  and  by  certain  mental 
emotions,  and  producing  the  state  of  the  sui'face  named  "  cutis  anserina,"  in 
which  the  muscular  bundles  protiaide  the  hair-follicles  with  which  they  are  con- 
nected, whilst  they  retract  or  depress  the  intermediate  cutaneous  tissue  ;  and  this 
condition  of  the  skin  may  be  produced  locally  by  the  electric  stimulus  applied  by 
means  of  the  magneto-electric  apparatus.  The  scrotum,  as  is  well  known,  becomes 
shrank  and  coiTUgated  by  the  application  of  cold  or  mechanical  irritation  to  its 
surface  ;  but  in  this  case  the  contraction  takes  place  in  the  subcutaneous  tissue 
and  the  skin  is  puckered. 

Reproduction  of  skin. — "V^lien  a  considerable  portion  of  the  skin  is  lost,  the 
breach  is  repaired  partly  by  a  drawing  inwards  of  the  adjoining  skin,  and  partly 
by  the  foi-mation  of  a  dense  tissue,  less  vascular  than  the  natui-al  corium,  and  in 
which,  so  far  as  we  know,  hairs  and  glands  are  not  reproduced,  so  that  some  deny 
that  the  cutaneous  tissue  is  regenerated.  Still  the  new  part  becomes  covered  -with. 
epidermis,  and  its  substance  sufficiently  resembles  that  of  the  corium  to  warrant 
its  being  considered  as  cutaneous  tissue  regenerated  in  a  simple  form.  In  small 
breaches  of  continuity  from  cuts  inflicted  in  early  life,  the  uniting  part  sometimes 
acquires  furrows  similar  to  those  of  the  adjoining  surface. 
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The  term  gland  has  been  applied  to  various  objects,  differing  widely 
from  each  other  in  nature  and  office,  but  the  organs  of  which  it  is  pro- 
posed to  consider  generally  the  structure  in  the  present  chapter,  are 
those  devoted  to  the  function  of  secretion. 

By  secretion  is  meant  a  process  in  an  organised  body,  by  which 
various  matters,  derived  from  the  organism,  are  collected  and  discharged 
at  particular  parts,  in  order  to  be  further  employed  for  special  purposes 
in  the  economy,  or  to  be  simply  eliminated  as  redundant  material  or 
waste  products.  Of  the  former  case,  the  saliva  and  gastric  juice,  and  of 
the  latter,  which  by  way  of  distinction  is  often  called  "excretion,"  the 
urine  and  sweat  may  be  taken  as  examples. 

Secretion  is  very  closely  allied  to  nutrition.  In  the  one  process,  as  in 
the  other,  materials  are  selected  from  the  general  mass  of  blood  and 
appropriated  by  textures  and  organs  ;  but  in  the  function  of  nutrition 
Gv  assimilation,  the  appropriated  matter  is  destined,  for  a  time,  to  con- 
stitute part  of  the  texture  or  organ,  whereas  in  secretion  it  is  immediately 
discharged  at  a  free  surface.  The  resemblance  is  most  striking  in  those 
cases  in  which  the  waste  particles  of  the  texture  nourished  are  shed  or 
<;ast  off  at  its  surface,  as  in  the  cuticle  and  other  epithelial  tissues. 

In  man,  and  in  animals  which  possess  a  circulating  blood,  that  fluid 
is  the  source  whence  the  constituents  of  the  secretions  are  proximately 
derived  ;  and  it  is  further  ascertained,  that  some  secreted  matters  exist 
ready  formed  in  the  blood,  and  require  only  to  be  selected  and  separated 
irom  the  general  mass,  whilst  others  would  seem  to  be  prepared  from 
the  materials  of  the  blood,  by  the  agency  of  the  secreting  organ.  Among 
the  secreted  substances  belonging  to  the  former  category,  several,  such 
as  water,  common  salt,  and  albumen,  are  primary  constituents  of  the 
"blood ;  but  others,  as  urea,  uric  acid,  and  certain  salts,  are  the  result  of 
changes,  both  formative  and  destructive,  which  take  place  in  the  solid 
textures  and  in  the  blood  itself,  in  the  general  process  of  nutrition. 
Again,  as  regards  those  ingredients  of  the  secretions  which  are  prepared 
or  elaborated  in  the  secretory  apparatus,  it  is  to  be  observed,  that  the 
crude  material  may  undergo  changes  in  organic  form,  as  well  as  in 
chemical  composition.  Evidence  of  this  is  afforded  by  the  solid  cor- 
puscles found  in  many  secretions,  as  well  as  by  the  seminal  cells  and 
spermatozoa  produced  in  the  testicle. 

In  the  structural  adaptations  of  a  secreting  apparatus,  it  is  in  the  first 
place  provided  that  the  blood-vessels  approach  some  free  surface  from 
which  the  secretion  is  poured  out.  The  vessels,  however,  do  not  open 
upon  the  secreting  surface,  for  their  coats,  as  well  as  the  tissue  covering 
them,  are  permeable  to  liquids  ;  and  the  most  favourable  conditions  for 
the  discharge  of  fluid  are  ensured  by  the  division  of  the  vessels  into  their 
finest  or  capillary  branches,  and  by  the  arrangement  of  these  capillaries 
in  close  order,  as  near  as  possible  to  the  surface.  In  this  way,  their  coats 
are  reduced  to  the  greatest  degree  of  tenuity  and  simplicity,  and  the 
blood,  being  divided  into  minute  streams,  is  extensively  and  thoroughly 
brought  into  contact  with  the  permeable  parietes  of  its  containing  chan- 
nels, as  well  as  effectually  and,  by  reason  of  its  slow  motion,  for  a  long 
time  exposed  to  those  influences,  whether  operating  from  within  or  without 
the  vessels,  which  promote  transudation. 

Such  a  simple  arrangement  as  that  just  indicated  is  sufficient  for  the 
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separation  of  certain  substances  from  the  general  mass  of  the  blood  ;  for 
the  coats  of  the  vessels  and  tissue  superjacent  to  them  are  not  permeated 
with  equal  facility  by  all  its  constituents  ;  and  in  certain  cases  the 
elimination  of  fluid  in  the  animal  body  is  effected  without  the  necessary 
aid  of  any  more  complicated  apparatus.  Thus,  the  exhalation  of  car- 
bonic acid  and  watery  vapour  from  the  interior  of  the  lungs  and  air- 
passages,  is  probably  produced  in  this  simple  manner,  although  the 
structure  of  the  exhaling  membrane  is,  for  other  reasons,  complex  ;  and 
the  discharge  of  fluid  into  cavities  lined  by  serous  membranes,  which  is 
known  to  be  preternaturally  increased  by  artificial  or  morbid  obstruction 
in  the  veins,  may  be  a  case  of  the  same  kind. 

But  another  element  is  almost  always  introduced  into  the  secreting 
structure,  and  plays  an  important  part  in  the  secretory  process ;  this  is 
the  nucleated  cell.  A  series  of  these  cells,  which  are  usually  of  a  spheroidal, 
polyhedral,  or  columnar  figure,  is  spread  over  the  secreting  surface,  i-n 
form  of  an  epithelium,  which  rests  on  a  simple  membrane,  named  the 
basement-membrane,  or  membrana  propria.  This  membrane,  it-self 
extravascular,  limits  and  defines  the  vascular  secreting  surface  ;  it 
supports  and  connects  the  cells  by  one  of  its  surfaces,  whilst  the  other 
is  in  contact  with  the  blood-vessels,  and  it  may  very  possibly,  also, 
minister,  in  a  certain  degree,  to  the  process  of  secretion,  by  allowing 
some  constituents  of  the  blood  to  pass  through  it  more  readily  than 
others.  But  the  cells  are  the  great  agents  in  selecting  and  preparing 
the_  special  ingredients  of  the  secretions.  They  attract  and  imbibe  into 
their  interior  those  substances  which,  already  existing  in  the  blood, 
require  merely  to  be  segregated  from  the  common  store  and  concentrated 
in  the  secretion,  and  they,  in  certain  cases,  convert  the  matters  which 
they  liave  selected  into  new  chemical  compounds,  or  lead  them  to  assume 
organic  structure.  A  cell  thus  charged  with  its  selected  or  converted 
contents  yields  them  up  to  be  poured  out  with  the  rest  of  the  secretion 
— the  contained  substance  escaping  from  it  either  by  exudation  or  by 
bursting  and  destruction  of  the  cell  itself.  Cells  filled  with  secreted 
matter  may  also  be  detached,  and  carried  out  entire  with  the  fluid  part 
of  the  secretion  ;  and,  in  all  cases,  new  cells  speedily  take  the  place  of 
those  which  have  served  their  office.  The  fluid  effused  from  the  blood- 
vessels, no  doubt,  supplies  matter  for  the  nutrition  of  the  secreting 
structure,  besides  affording  the  materials  of  the  secretion,  the  residue, 
when  there  is  any,  being  absorbed. 

Examples  illustrative  of  the  secreting  agency  of  cells,  are  afforded  both 
by_ plants  and  animals.  Thus  cells  are  found  in  the  liver  of  various 
animals,  and  especially  of  crustaceans  and  mollusks,  some  of  which  con- 
tain a  substance  resembling  coloured  biliary  matter,  and  others  par- 
ticles of  fat.  In  the  urinary  organ  of  mollusks,  cells  are  seen  which, 
inclose  little  opaque  masses  of  uric  acid.  In  mucous  glands,  the  pro- 
duct (mucus)  remains  in  the  intervals  of  secretion  stored  up  within 
the  cells  (Watney).  The  secretion  of  the  sebaceous  follicles  in  man 
often  contains  detached  cells  filled  with  fat ;  and,  according  to  Goodsir's 
observation,  the  ink-bag  of  the  cuttle-fish  is  lined  with  an  epithelium, 
the  constituent  cells  of  which  are  charged  with  pigment  similar  to  that 
which  imparts  the  dark  colour  to  the  inky  secretion.  This  last  instance, 
as  well  as  the  production  of  spermatozoa,  is  an  example  of  the  forma- 
tion of  new  products  within  secreting  cells,  a  process  further  illustrated 
in  plants,  which  afford  abundant  and  decided  evidence  of  the  production 
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of  young  celis,  spermatic  filaments,  starch-granules,  oil,  various  colouring 
matters,  and  other  new  compounds,  in  the  interior  of  cells. 

Both  in  animals  and  plants,  the  individual  cells  which  are  associated 
together  on  the  same  secreting  surface  may  differ  from  each  other  in  the 
nature  of  their  contents.  Thus,  in  the  liver  of  mollusca  some  cells  con- 
tain biliary  matter,  and  others  contain  fat ;  and  in  the  recent  soft  part 
of  the  epidermis  and  its  appendages,  it  is  quite  common  to  see  cells 
filled  with  pigment  mixed  with  others  which  are  colourless. 

A  secreting  apparatus,  effectual  for  the  purpose  which  it  is  essentially 
destined  to  fulfil,  may  thus  be  said  substantially  to  consist  of  a  simple 
membrane,   named    the   membrana    propria    or   basement-membrane 

Ym.  160. 


Fig.  160. — Plan  of  a  Secreting  Membrane. 

a,  membrana  propria  or  basement-membrane  ;  h,  epithelium,  composed  of  secreting 
nucleated  cells  ;  c,  layer  of  capillary  blood-vessels. 

(marked  a  in  the  plan,  fig.  IGO),  supporting  a  layer  of  secreting  cells 
on  one  of  its  surfaces  (indicated  by  the  dotted  luie  h,  in  the  figure), 
whilst  finely  ramified  blood-vessels  are  spread  over  the  other  (c).  Bat 
whilst  the  structure  may  remain  essentially  the  same,  the  configuration 
of  the  secreting  surface,  or  (what  amounts  to  the  same  thing)  of  the 
supporting  basement-membrane,  presents  various  modifications  in 
different  secreting  organs.  In  some  cases,  the  secreting  surface  is  plain, 
or,  at  least,  expanded,  as  in  various  parts  of  the  serous,  synovial,  and 
mucous  membranes,  which  may  be  looked  on  as  examples  of  compara- 
tively simple  forms  of  secreting  apparatus  ;  but,  in  other  instances,  and 
23articularly  in  the  special  secretory  organs  named  glands,  the  surface 
of  the  secreting  membrane  is  variously  involved  and  complicated.  An 
obvious,  and  no  doubt  a  principal,  purpose  of  this  complication  is  to 
increase  the  extent  of  the  secreting  surface  in  a  secreting  organ,  and 
thus  augment  the  quantity  of  secretion  yielded  by  it.  No  connection 
has  been  clearly  shown  to  exist  between  the  qucdify  of  the  secretion  and 
the  particular  configuration,  either  internal  or  external,  of  the  organ  ; 
on  the  other  hand,  we  know  that  the  same  kind  of  secretion  that  is 
derived  from  a  complex  organ  in  one  animal,  may  be  produced  by  an 
apparatus  of  most  simple  form  in  another. 

The  more  immediate  purpose  of  the  complication  of  the  secreting 
membrane  being  to  augment  its  surface  within  a  comparatively  circum- 
scribed space,  there  are  two  principal  modes  by  which  the  membrane 
is  so  increased  in  extent,  namely,  by  rising  or  protruding  in  form  of  a 
prominent  fold  or  some  otherwise  shaped  projection  (fig.  161,  d,  e),  or 
by  retiring,  in  form  of  a  recess  (fig.  162,  ^,  7i). 

The  first-mentioned  mode  of  increase,  or  that  by  pi'otrusion,  is  not 
what  is  most  generally  followed  in  nature,  still  it  is  not  without 
example,  and,  as  instances,  we  may  cite  the  Haversian  fringes  of  the 
synovial  membranes,  the  urinary  organ  of  the  snail,  which  is  formed  of 
membranous  lamellce,  and  perhaps,  also,  the  choroid  plexuses  in  the 
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brain,  and  the  ciliary  processes  in  the  eye-ball,  although  secretion  may 
not  be  the  primary  office  of  the  last-mentioned  structures.  In  most  of 
these  cases,  the  membrane  assumes  the  form  of  projecting  folds,  which, 
for  the  sake  of  further  increase  of  surface,  may  be  again  plaited  and 
complicated,  or  cleft  and  fringed,  at  their  borders  (fig.  161,  e,f). 

The  plan  of  augmenting  the  secreting  surface  by  recession  or  i7iver- 
sion  of  the  membrane,  in  form  of  a  cavity,  is,  with  few  exceptions,  that 

Fig.  161. 


Fig.  161. — Plan  to  Show  Augmentation  of  Sueface  by  Formation  of 
Processes. 

a,  h,  c,  as  in  preceding  figure  ;  d,  simple,  and  e  f,  branched  or  subdivided  processes. 

generally  adopted  in  the  construction  of  secreting  glands.  The  first 
degree  is  represented  by  a  simple  recess  (fig.  162,  [/,  h),  and  such  a 
recess,  formed  of  secreting  membrane,  constitutes  a  simjyle  gland.  The 
shape  of  the  cavity  may  be  tubular  (g)  or  saccular  (h),  and,  in  either 
case,  it  is  called  indifferently  a  cr//pf,  follicle,  or  lacuna,  for  these  names 
have  not  been  strictly  distinguished  in  their  application.  Examples  of 
these  simple  glands  are  found  in  the  mucous  membrane  of  the  stomach, 
intestines,  and  uterus.  The  secreting  surface  may  be  increased,  in  a 
simple  tubular  gland,  by  mere  lengthening  of  the  tube,  in  which  case, 
however,  when  it  acquires  considerable  length,  the  tube  is  coiled  up 
into  a  ball  (fig.  162,  i),  so  as  to  take  up  less  room,  and  adapt  itself  to 
receive  compactly  ramified  blood-vessels.  The  sweat-glands,  already 
described,  and  the  ceruminous  glands  of  the  ear  are  instances  of  simple 
glands  formed  of  a  long  convoluted  tube.  But  the  great  means  adopted 
for  further  increasing  the  secreting  surface  is  by  the  subdivision,  as 
well  as  extension,  of  the  cavity,  and  when  this  occurs  the  gland  is  said 
to  be  compound.  There  is,  however,  a  condition  which  might  be  looked 
on  as  a  step  between  the  simple  and  compound  glands,  in  which  the 
sides  or  extremity  of  a  simple  tube  or  sac  become  pouched  or  loculated 
(fig.  162,  Jc,  I).     This  form  might  be  named  the  multilocular  crypt. 

In  the  compound  glands,  the  divisions  of  the  secreting  cavity  may 
assume  a  tubular  or  a  saccular  form,  and  this  leads  to  the  distinction  of 
these  glands  into  the  "  tubular,"  and  the  "  saccular,"  or  "  racemose." 

The  racemose  compound  glands  (fig.  162,  c)  contain  a  multitude  of 
saccules,  opening  in  clusters,  into  the  extremities  of  a  branched  tube, 
named  the  excretory  duct.  The  saccules  are  rounded,  pyriform  or 
thimble-shaped,  and  then  often  named  "  cascal."  They  are  as  usual 
formed  by  a  proper  or  basement-membrane,  and  lined,  or  often  rather 
filled  with  secreting  cells  ;  they  are  arranged  in  groups,  round  the 
commencing  branches  of  the  duct,  into  which  they  open  both  terminally 
and  laterally  (fig.  1 62,  c,  n) ;  or  it  might  with  equal  truth  be  said  that 
the  branches  of  the  duct  are  distended  into  clusters  of  saccular  dilata- 
tions.    The  ultimate  Ijranches  of  the  duct  open  into  larger  branches  (o), 
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tliese  into  larger  again,  till  they  eventually  terminate  in  one  or  more 
principal  excretory  ducts  {m),  by  which  the  secretion  is  poured  out  of 


Fig.  162. — Plans  of  Extension  of  Secketing  Membrane,  by  Inversion  or  Recession. 

A,  simple  glands,  viz.,  g,  straight  tube  ;  7t,  sac  ;  i,  coiled  tube.  B,  multilocular  cryi^ts  ; 
X',  of  tubular  form  ;  I,  saccular.  C,  racemose,  or  saccular  compound  gland  ;  m,  entire 
gland,  showing  branched  duct  and  lobular  structure  ;  n,  a  lobule,  detached  with  o,  branch 
of  duct  proceeding  from  it.     D,  compound  tubular  gland. 

the  gland.  It  is  from  the  clustered  arrangement  of  their  ultimate 
vesicular  recesses  that  these  glands  are  named  "  racemose  "  (in  Grcrman 
"  traubenformige  Drilsen  ") ;  and  they,  for  the  most  part,  have  a  dis- 
tinctly lobular  structure.  The  lobules  are  held  together  by  the  branches 
of  the  duct  to  which  they  are  appended,  and  by  interlobular  connective 
tissue  which  also  supports  the  blood-vessels  in  their  ramifications.  The 
larger  lobules  are  made  up  of  smaller  ones,  these  of  still  smaller,  and 
so  on  for  several  successions.  The  smallest  lobules  {n)  consist  of  two 
or  three  groups  of  saccules,  with  a  like  number  of  ducts,  joining  into 
an  immediately  larger  ramuscule  {o),  which  issues  from  the  lobule ;  and 
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a  collection  of  the  smallest  lobules,  united  by  connective  tissue  and 
vessels,  forms  one  of  the  next  size,  which,  too,  has  its  larger  branch  of 
the  duct,  formed  by  the  junction  of  the  ramuli  belonging  to  the  ulti- 
mate lobules.  In  this  way,  the  whole  gland  is  successively  made  up,  the 
number  of  its  lobules  and  of  the  branches  of  its  duct  depending  on  its 
size  ;  for  whilst  some  glands  of  this  kind,  like  the  parotid  and  pancreas, 
consist  of  innumerable  lobules,  connected  by  a  large  and  many-branched 
duct,  others,  such  as  the  duodenal  glands  of  Brunner  and  many  mucous 
glands,  are  formed  of  but  two  or  three  ultimate  lobules,  or  even  of  a 
single  one,  with  a  duct,  minute  in  size  and  sparingly  branched,  to 
correspond.  In  fact,  a  small  racemose  gland  resembles  a  fragment  of  a 
larger  one. 

The  ultimate  saccules  of  a  racemose  gland  or  alveoli,  as  they  are 
commonly  termed,  are  almost  entirely  filled  by  the  secreting  cells,  only 
a  small  cavity  being  left  in  the  centre  communicating  with  the  excretory 
duct.  It  would  appear,  however,  that  in  many  cases  at  least,  minute 
canals  lead  from  the  central  cavity  between  the  cells,  and  these 
may  aid  in  the  conveyance  of  the  secretion  of  the  latter  towards  the 
duct.  It  is  doubtful  whether  these  intercellular  channels  have  proper 
walls  or  are  merely  formed  by  the  juxtaposition  of  grooves  on  the 
adjacent  sides  of  the  cells.  Further — the  flattened  cells  which  compose 
the  basement-membrane  have  delicate  lamellar  processes  extendin'i- 
between  the  alveolar  cells,  among  which  they  appear  to  form  a  susten- 
tacular  network  (Boll,  Ebner). 

A  great  many  compound  glands,  yielding  very  different  secretions, 
belong  to  the  racemose  class.  As  examples,  it  will  be  sufficient  to 
mention  the  pancreas,  the  salivaiy,  lachrymal,  and  mammary  glands^ 
Avith  the  glands  of  Brunner  already  referred  to,  and  most  of  the  small 
glands  which  open  into  the  mouth,  fauces,  and  windpipe.  From  the 
description  given  of  their  structure,  it  will  be  understood  why  the  term 
"  conglomerate  glands  "  has  been  applied  especially  though  not  exclu- 
sively, to  this  class.  Their  smallest  lobules  Avere  called  acini,  a  term 
which  has  also  been  used  to  denote  the  saccular  recesses  in  the  lobules, 
and  indeed  the  word  acinus,  which  originally  meant  the  seed  of  a  berry 
or  the  stone  of  a  grape,  or  sometimes  the  grape  itself,  has  been  so 
vaguely  applied  by  anatomists,  that  it  seems  better  to  discard  it  alto- 
gether. 

Of  the  fuiif.lar  compound  glands,  the  most  characteristic  examples 
are  the  testicle  and  kidney.  In  these  the  tubular  ducts  divide  again 
and  again  into  branches,  which,  retaining  their  tubular  form,  are  greatly 
lengthened  out.  The  branches  of  the  ducts  are,  as  usual,  formed  of  a 
limitary  or  basement-membrane  (jnemhrana  proijria),  lined  by  epithe- 
lium, and  in  contact,  by  its  opposite  surface,  with  capillary  blood- 
vessels. By  the  multiplication  and  elongation  of  the  tubular  branches 
a  vast  extent  of  secreting  surface  is  obtained,  whilst  to  save  room,  the 
tubes  are  coiled  up  into  a  more  or  less  compact  mass,  which  is  traversed 
and  held  together  by  blood-vessels,  and  sometimes,  also,  divided  into 
lobules  and  supported,  as  in  the  testicle,  by  fibrous  partitions,  derived 
from  the  inclosing  capsule  of  the  gland.  In  consequence  of  their 
intricately  involved  arrangement,  it  is  difficult  to  find  out  how  the 
tubular  ducts  are  disposed  at  their  extremities.  It  seems  probable, 
however,  that  some  are  free,  and  simply  closed  without  dilatation,  and 
that  others  anastomose  with  neighbouring  tubes,  joining  with  them  in 
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form  of  loops ;  in  the  kidney,  little  round  tufts  of  fine  blood-vessels 
project  into  terminal  or  lateral  dilatations  of  the  ducts,  but  without 
opening  into  them. 

The  human  liver  does  not  precisely  agree  in  structure  with  either  of 
the  above  classes  of  compound  glands.  Its  ducts,  which  are  neither 
coiled  nor  sacculated,  would  seem  to  begin  within  its  lobules,  in  form 
of  a  network  of  excessively  fine  channels  which  run  between  the  sides 
of  contiguous  polyhedral  cells,  and  these  occupy  the  interstices  of  the 
reticular  capillary  blood-vessels,  which  also  are  peculiar,  inasmuch  as 
they  receive  and  transmit  venous  blood. 

Besides  blood-vessels,  the  glands  are  furnished  with  lymphatics,  which  in 
some  compound  glands  proceed  from  interstitial  lymphatic  spaces  within, 
as  already  stated  (p.  185).  Branches  of  nerves  have  also  been  followed, 
for  some  way,  into  these  organs,  and  the  well-known  fact,  that  the  flow 
of  secretion  in  several  glands  is  aflFected  by  mental  emotions,  shows  that 
an  influence  is  exerted  on  secreting  organs  through  the  medium  of  the 
nervous  system  ;  and  this  is  further  shown  by  the  fact  that  an  increased 
flow  may  be  brought  on  by  direct  or  reflex  stimulation  of  their  nerves. 
Moreover,  fine  non-medullated  nervous  fibres  have  in  several  instances 
been  described  as  forming  a  network  between  the  alveolar  cells ;  and  in 
the  salivary  glands,  Pfliiger  has  afiirmed  a  direct  passage  of  nerve-fibres, 
both  medullated  and  non-medullated,  into  the  secreting  cells  :  his  ob- 
servations, however,  have  not  been  corroborated  by  other  inquirers. 

From  what  has  been  stated,  it  will  be  apparent  that  the  substance  of 
a  gland  consists  of  the  ducts,  blood-vessels,  lymph-vessels  and  lacunae, 
and  a  few  nerves,  in  some  cases  connected  by  an  intervening  tissue.  In  the 
testicle  there  is  a  very  small  amount  of  intermediate  connective  tissue, 
which,  with  the  aid  of  the  blood-vessels,  holds  the  tubules  but  feebly 
together,  so  that  the  structure  is  comparatively  loose,  and  readily 
admits  of  being  teazed  out ;  but  then  it  is  sufficiently  protected  and 
supported  by  a  fibrous  capsule  on  the  outside,  and  fibrous  septa  within 
the  gland.  In  the  racemose  glands  there  is  a  good  deal  of  uniting 
connective  tissue,  which  surrounds  collectively  each  group  of  saccules, 
binds  together  the  lobules,  and  supports  the  vessels  in  their  ramifica- 
tions. The  substance  of  the  kidney  contains  scarcely  any  well-cha- 
racterised fibrous  connective  tissue,  except  bundles  which  here  and 
there  accompany  the  larger  branches  of  vessels,  but  there  is  an  abun- 
dant, though  very  delicate,  network  of  retiform  tissue  in  a  soft  amor- 
phous matter  between  the  tubules  and  blood-vessels,  which  binds  them 
together. 

Parencliyma  is  a  term  sometimes  employed  in  describing  glandular 
organs,  though  it  is  less  in  use  now  than  formerly.  It  is  used  some- 
times to  denote  the  solid  part  of  a  gland  composed  of  the  various 
tissues  already  mentioned ;  at  other  times  to  signify  any  substance,  of 
whatever  nature,  lying  between  the  ducts,  vessels,  and  nerves.  In  this 
last  sense  the  parenchyma  is  in  certain  glands  represented  by  connec- 
tive tissue,  in  others  by  corpuscles  and  amorphous  matter,  whilst  in 
some  it  can  scarcely  be  said  to  exist. 

Some  glands  have  a  special  envelope,  as  in  the  case  of  the  kidney  and 
testicle ;  others,  as  the  pancreas,  have  none. 

The  ducts  of  glands  ultimately  open  into  cavities  lined  by  mucous 
membrane,  or  upon  the  surface  of  the  skin.  They  are  sometimes 
provided  with  a  reservoir,  in  which  the  secretion  is  collected,  to  be 
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discharged  when  the  purposes  of  the  economy  so  demand.  The  reser- 
Yoir  of  the  urine  receiyes  the  whole  of  the  secreted  fluid  ;  in  the  gall- 
bladder, on  the  other  hand,  only  a  part  of  the  bile  is  collected.  The 
vesiculas  seminales  afford  another  example  of  these  laterally  appended 
reservoirs.  The  ducts  are  constructed  of  a  basement-membrane  and 
lining  of  epithelium,  and  in  their  smaller  diyisions  there  is  nothing 
more ;  but  in  the  larger  branches  and  trunks  a  fibro-vascular  layer  is 
added,  as  in  the  ordinary  mucous  membrane,  with  which  many  of  them 
are  continuous,  and  with  which  they  all  agree  in  nature.  A  more  or 
less  firm  outer  coat,  composed  of  connective  tissue,  comes  in  many 
cases,  to  surround  the  mucous  lining,  and  between  the  two,  or,  at  any 
rate,  outside  the  mucous  coat,  there  is  in  some  ducts  a  deposit  of  non- 
striated  muscular  tissue.  The  epithelium  is  usually  composed  of 
spheroidal  or  polyhedral  cells  at  the  commencement  of  the  ducts,  and 
is  columnar  in  the  rest  of  their  length,  though  sometimes  flattened  or 
scaly,  as  in  the  mammary  gland. 


DUCTLESS  OR  VASCULAB  GLANDS. 

There  are  certain  bodies  which  have  received  the  name  of  glands  on 
account  of  their  resemblance  in  general  appearance  and  structure  to- 
the  ordinary  secreting  organs.  They  differ,  however,  from  the  latter  in 
the  fact  of  their  possessing  no  ducts  for  the  discharge  of  secretion  ; 
so  that  their  elaborated  products  must  be  conveyed  into  the  blood  by 
lymphatic  or  sanguiferous  vessels,  with  both  of  which  they  are  for  the 
most  part  abundantly  provided.  The  bodies  in  question  have  been 
termed  "  ductless  "  for  this  obvious  anatomical  reason  :  and  "  vascular," 
on  certain  physiological  or  theoretic  grounds,  as  they  are  supposed  to 
effect  some  change  in  the  blood  which  is  transmitted  through  them. 

To  this  class  belong  the  following  bodies  :— the  spleen,  the  thyroid 
body,  thymus  gland,  suprarenal  capsules,  pituitary  body,  the  solitary 
closed  follicles  of  the  intestines,  the  Peyerian  glands,  the  follicular 
glands  at  the  root  of  the  tongue,  and  also  the  lymphatic  glands. 

The  purposes  fulfilled  by  certain  of  the  organs  enumerated  are  still 
involved  in  great  obscurity,  but  the  majority  have  apparently  the  same 
fundamental  constitution.  They  are  essentially  made  up  of  corpuscles 
having  the  character  of  lymph-  or  pale  blood-corpuscles,  included  and 
supported  by  retiform  connective  tissue,  traversed  throughout  by  san- 
guiferous capillaries,  and  provided  with  numerous  and  large  lymphatic 
vessels  :  their  constituent  substance,  in  fact,  agrees  in  structure  with 
what  has  already  been  described  as  lymphoid  tissue.  This  is  in  som& 
cases  formed  into  small  rounded  bodies  or  pellets,  which  may  be  either 
closely  grouped  together  to  form  the  lobules  of  a  gland-like  organ 
(thymus)  or  distributed  in  other  tissues  (follicular  glands  of  mucous 
membrane,  Malpighian  corpuscles  of  the  spleen)  :  in  other  cases  the 
lymphoid  substance  is  in  large  masses,  which  may  take  on  a  more  or 
less  reticular  arrangement,  with  lymph-sinuses  occupying  the  inter- 
stices of  the  network  (lymphatic  glands). 

Some  of  the  organs  in  question,  for  example,  the  thyroid  gland,  differ 
altogether  from  the  rest,  except  in  the  absence  of  ducts.  The  account 
of  these  and  of  the  specialities  of  the  "  lymphoid"  organs  is  reserved  for 
the  part  of  this  work  devoted  to  special  anatomy. 


SPECIAL  ANATOMY  OF  THE  VISCERA. 


THE    THORACIC   VISCSSA. 

The  greater  part  of  the  thorax  is  occupied  by  the  lungs,  each  of 
which  is  invested  b}^  a  serous  membrane,  the  pleura.  The  heart, 
enclosed  by  a  membi-anous  covering,  the  jjericardium,  is  situate  between 
the  lungs  in  the  middle  of  a  space  bounded  laterally  by  the  right  and 
left  pleura3,  and  known  as  the  mediastinal  space,  the  septum  formed  by 
the  union  of  the  two  pleurge  being  termed  the  mediastinmn.  The 
term  anterior  mediastinum  is  given  to  the  part  of  this  septum  in  front 
of  the  heart  and  pericardium,  and  fosterior  mediastinum  to  the  parfc 
behind,  while  that  portion  which  encloses  the  pericardium  is  sometimeS' 
distinguished  as  the  middle  mediastinum. 

The  anterior  inediastiniiiii  (fig.  163,  2),  which  is  of  no  great 
depth,  is  situate  in  front  of  the  pericardium,  between  it  and  the 
sternum.  At  its  superior  part  the  two  layers  of  pleuras  separate  some- 
what to  enclose  the  vestiges  of  the  thymus  gland ;  behind  the  second 
piece  of  the  sternum  they  are  in  contact,  but  below  this  the  left  pleura 
recedes  from  its  fellow  towards  the  left  side,  leaving  an  angular  space  of 
some  breadth.    The  triangularis  sterni  muscle  bounds  this  space  in  front. 

The  posterior  mediastintim,  stretching  from  the  pericardium  to  the 
bodies  of  the  vertebrce,  encloses  between  its  layers  the  lower  part  of  the 
windpipe  and  gullet  (fig.  163  a)  the  thoracic  duct  {d),  the  descending 
aorta  {a),  the  azygos  vein  {v.a),  and  the  pneumogastric  nerves  {p.n), 
together  with  some  lymphatic  glands. 

THE     PERICARDIUM, 

This  membranous  sac,  in  which  the  heart  is  contained,  is  of  a  some- 
what conical  shape,  its  base  resting  on  the  diaphragm,  whilst  the  upper 
narrower  part  surrounds  the  great  vessels  as  far  as  their  first  divi- 
sions. It  consists  of  two  layers,  one  external  and  fibrous,  the  other 
internal  and  serous. 

The  fibrous  layer  is  a  dense,  unyielding  membrane,  consisting  of 
fibres  which  interlace  in  every  direction.  At  the  base  of  the  pericar- 
dium this  fibrous  layer  is  attached  to  the  upper  surface  of  the  dia- 
phragm (fig.  164  d),  partly  to  the  central  tendon,  partly  to  the 
adjoining  muscular  surface,  especially  on  the  left  side.  Over  a  small 
space  near  the  median  line  the  fibrous  structures  are  continuous,  and 
the  connection  very  firm  ;  elsewhere  the  attachment  is  more  lax,  and  is 
effected  mainly  by  areolar  tissue.  Above,  where  the  pericardium 
embraces  the  large  blood-vessels,  the  fibrous  layer  is  continued  for  some 
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distance  along  them  in  the  form  of  tubular  prolongations,  which  become 
gradually  lost  upon  their  external  coats.  The  superior  vena  cava,  the 
four  pulmonary  veins,  the  aorta,  and  the  right  and  left  divisions  of 
the  pulmonary  artery,  in  all  eiglit  vessels,  receive  investments  of  this 
kind. 

Fi-   1C3. 


Fig.  163. — Tkansveesk  Section  of  the  Chest  op  a  Fcetus,  illustrating  the  relativk 
POSITION  OF  the  Heart  and  Lungs  and  the  Inflections  of  the  Pericardiuh 
AND  Pleura   (Allen  Thomson  after  Lusclika). 

The  sketch  represents  the  upper  surface  of  the  lower  section  ;  the  division  is  carried 
nearly  in  a  horizontal  plane  on  a  level  with  the  interval  in  front  between  the  fifth  and 
sixth  ribs,  s,  the  sternum  ;  c,  the  body  of  the  seventh  dorsal  vertebra  ;  h,  the  right, 
and  h',  the  left  ventricle  ;  ce,  the  oesophagus  ;  p  n,  the  left  pneumogastric  nerve  ;  near 
these  letters  respectively,  the  root  of  the  right  and  left  lungs  ;  the  right  pneumogastric 
nerve  is  behind  the  oesophagus  ;  a,  the  aorta  ;  v  a,  the  vena  azygos  ;  d,  thoracic  duct  ; 
1,  the  cardiac  pericardium  ;  2,  in  the  anterior  mediastinal  space,  the  parietal  pericar- 
dium ;  2',  the  cavity  of  the  pericardium  ;  3,  the  pulmonary  pleurae  passing  over  the 
surface,  and  reflected  at  the  roots  of  the  lungs  ;  3',  their  cavity,  and  on  the  right  side, 
the  reflection  at  the  mediastinum  to  the  surface  of  the  pericardium  ;  4,  the  parietal  or 
costal  pleurse  ;  c,  c,  the  walls  of  the  chest  inclosing  the  ribs,  pectoral  muscles,  &c. 

The  serous  layer  not  only  lines  the  fibrous  layer  of  the  pericardium, 
but,  like  other  serous  membranes,  is  reflected  on  the  surface  of  the 
viscus  which  it  invests.  It  has,  therefore,  a  visceral  and  a  parietal 
portion.  The  parietal  portion  adheres  firmly  to  the  fibrous  mem- 
brane, and  becomes  continuous  with  the  visceral  portion  upon  the 
arch  of  the  aorta  and  other  great  vessels,  about  2  or  2|-  inches  from 
the  base  of  the  heart.  In  passing  round  the  aorta  and  pulmonary 
artery,  it  encloses  those  vessels  in  a  common  short  tubular  sheath 
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(fig.  164,  5,  5).  It  is  reflected  also  upon  the  superior  vena  cava  (c), 
and  on  the  four  pulmonary  veins  {p,  ])'),  f'^d  forms  a  deep  recess  or 
prolonged  cavity  between  the  entrance  of  the  right  and  left  veins 
into  the  left  auricle.    The   inferior    vena    cava  (c')   receives  only  a 


164. 


Fig.     164. SElII-DlAGRAilJIATIO     View    of     the     PERICARDIUil    FROJI    BEHIND,    DESIGNED 

TO     SHOW    THE     PRINCIPAL     INFLECTIONS      OP      THE     SeROUS      SaO     ROUND     THE      GrEAT 

Vessels  (Allen  Tliomson).     One-half  the  natural  size. 

The  di-awing  is  taken  from  pi-eparations  in  which  the  heart  and  vessels  had  been 
partially  filled  by  injection,  the  pericardium  inflated  and  dried  in  the  distended  state,  and 
the  fibrous  continuation  on  the  vessels  removed.  By  the  removal  of  a  portion  of  the 
pericardium  from  behind  the  right  and  left  cavities  of  the  heart,  the  position  of  that 
organ  is  made  apparent.  A  bent  probe  is  passed  within  the  pericardium  from  behind 
the  right  auricle,  in  front  of  the  vena  cava  inferior,  to  the  back  of  the  left  ventricle,  which 
may  indicate  the  place  where  the  large  undivided  sac  of  the  pericardium  is  folded  round 
that  vein.  A,  posterior  surface  of  the  right  auricle  ;  A',  the  same  of  the  left  ;  V,  right 
ventricle  ;  V,  left  ventricle  ;  Ao,  the  upper  and  back  part  of  the  aortic  arch  ;  i,  innomi- 
nate artery  ;  C,  vena  cava  superior  ;  az,  azygos  vein  ;  C,  vena  cava  inferior  between  tlie 
diaphragm  and  its  union  with  the  right  auricle  ;  c",  great  coronary  vein  ;  +,  cord  of  the 
ductus  arteriosus  :,  P,  the  right,  P',  the  left  pulmonary  artery  ;  p,  the  right,  ^',  the  left 
Xjulmonary  veins  ;  D,  the  back  of  the  central  tendon  of  the  diaphragm  ;  1,  sac  of  the 
pericardium  as  yet  uninflected  ;  2,  portion  of  this  on  the  right  side  which  partially  sur- 
rounds the  vena  cava  superior,  the  upper  and  lower  right  pulmonary  veins,  and  the  vena 
cava  inferior  ;  3,  the  portion  of  the  left  side  w^hich  partially  surrounds  the  vena  cava 
inferior  ;  4,  the  portion  which  is  extended  ux^wards  behind  the  left  auricle,  and  partially 
folds  over  the  pulmonary  arteries  and  veins,  and  which  meets  between  these  diiTereut 
vessels  the  extensions  of  the  main  sac  from  the  right  and  left  ;  5,  tubular  portion  of  the 
pericardium  which  comx>letely  surrounds  the  aortic  and  pulmonaiy  arterial  trunks. 
VOL.    II.  K 
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very  scanty  covering  of  this  membrane  (3,  2),  inasmuch  as  that  vessel 
enters  the  right  auricle  almost  immediately  after  passing  through  the 
diai^hragm,  and  is  only  partially  surrounded  by  a  reflection  of  the  peri- 
cardium  in  the  narroAV  interval  between  these  parts.  None  of  the 
vessels,  indeed,  joining  the  heart,  with  the  exception  of  the  aorta  and 
pulmonary  artery  where  they  are  united  together,  receive  a  complete 
covering  from  the  pericardium,  or  can  be  said  to  be  entirely  enveloped 
by  the  sac.  In  structure  the  serous  layer  of  the  pericardium  agrees 
with  that  of  serous  memljranes  generally,  except  that  no  apertures  have 
as  yet  been  discovered  in  it  by  which  its  cavity  communicates  with 
lymphatic  vessels. 

^Vlien  tlie  left  piilmonary  artery  and  sulDJacent  pulmonaiy  vein  are  separated, 
a  fold  of  tlie  pericardium  T\'ill  l^e  seen  between  them,  which  has  been  termed  by 
Marshall  the  '•'  vestigial  fold  of  the  pericardium."  It  is  formed  by  a  duplicature 
of  the  serous  layer,  including-  areolar  and  fatty  tissue,  together  with  blood-vessels, 
and  nerves,  and  is  from  half  to  three-quarters  of  an  inch  in  length,  and  from 
half  to  one  inch  deep.  It  extends  from  the  left  superior  intercostal  vein  above 
the  pulmonary  artery  downwards  to  the  side  of  the  left  auricle,  where  it  is  lost  in 
a  narrow  streak  which  crosses  round  the  lower  left  pulmonary  vein.  This  fold  is 
a  vestige  of  a  li-ft  superior  vena  cava  (duct  of  Cuvier) ,  which  exists  in  early  em- 
bryonic life.  (Marshall,  '•  On  the  development  of  the  great  anterior  veins  in 
Man  and  Mammalia,"  Philosoph.  Trans.  18.50.) 

The  i^ericardium  is  in  relation  in  front  and  behind  with  the  mediastin.a  and 
their  contents.  Anteriorly  also  it  is  overlapped  by  the  i^leuras  and  to  some  extent 
by  the  lungs,  except  belovv^,  where  it  approaches  the  sui-face  in  the  angular  space 
to  the  left  of  the  lower  piece  of  the  sternum.  At  the  sides  it  is  in  contact  with 
the  phrenic  nerves,  as  well  as  with  the  pleura3  and  their  contained  viscera.  Its 
relations  to  the  diaplii'agm  and  great  vessels  have  been  already  noticed. 


THE   HEAHT. 

The  heart  is  a  hollow  muscular  organ,  divided  by  a  longitudinal  sep- 
tum into  a  right  and  a  left  half,  each  of  which  is  again  subdivided  by  a 
transverse  constriction  into  two  compartments,  communicating  with 
each  other,  and  named  auricle  and  ventricle.  Its  general  form  is 
that  of  a  blunt  cone.  Enclosed,  as  before  said,  in  the  pericardium,  it 
is  placed  behind  the  sternum  and  the  costal  cartilages  {fig.  174  ;  on 
page  254),  the  broader  end,  or  base,  by  which  it  is  attached,  being 
dkected  upwards,  backwards,  and  to  the  right,  and  extending  from 
the  level  of  the  fourth  to  that  of  the  eighth  dorsal  vertebra  ;  the 
apex  downwards,  forwards,  and  to  the  left.  In  the  living  subject 
its  stroke  against  the  w-all  of  the  chest  is  felt  in  the  space  between 
the  cartilages  of  the  fifth  and  sixth  ribs,  a  little  below  and  to 
the  inner  side  of  the  left  mammilla  (3j  inches  from  middle  line  of 
sternum  and  1|  inch  below  nipple) :  in  the  dead  body  the  apex  is  a 
little  higher  than  during  life.  The  heart,  therefore,  has  a  very 
oblique  position  in  the  chest,  and  projects  farther  into  the  left  than 
into  the  right  half  of  the  cavity.  Its  position  is  afilected  to  a  certain 
extent  by  that  of  the  body  ;  thus  it  comes  more  into  contact  with  the 
anterior  wall  of  the  chest  when  the  body  is  in  the  prone  posture  or  is 
lying  on  the  left  side.  In  inspiration,  on  the  other  hand,  when  the 
■diaphragm  sinks  and  the  lungs  expand,  it  recedes  slightly  from  the 
€hest-wall. 

At  its  base  the  heart  is  attached  to  the  great  blood-vessels ;  moreover, 


THE   HEAET. 


243 


the  serous  layer  of  the  pericardium  is  here  reflected  from  the  one  to  the 
other.  In  the  remainder  of  its  extent  the  organ  is  entirely  free  within 
the  sac  of  the  pericardium.  The  convex  anterior  surface  looks  somewhat 
upwards  as  well  as  forwards  towards  the  sternum  and  costal  cartilages  : 
from  these  it  is  partly  separated  by  the  pleurtfi.  The  lungs  also 
advance  over  it  to   some  extent,  and   encroach  still   farther  "during 


Fig.    165. — View    of    the    Hkart   and  Fig.  165. 

Great  Vessels  FROM  before  (R.  Quain). 
One-third  the  Natural  Size. 

The  pulmonaiy  artery  lias  been  cut  short 
close  to  its  origin  in  order  to  show  the  first 
l)art  of  the  aorta.  1,  right  ventricle;  2, 
left  ventricle  ;  3,  root  of  the  pulmonary 
artery  ;  4,  i',  arch  of  the  aorta  ;  4",  the 
descending  thoracic  aorta  ;  5,  the  appen- 
dix and  anterior  j)art  of  the  right  auricle  ; 
6,  those  of  the  left  auiicle  ;  7,  7',  inno- 
minate veins  joining  to  form  the  vena  cava 
superior  ;  8,  inferior  vena  cava  below  the 
diaphragm  ;  9,  one  of  the  large  hepatic 
veins  ;  -f ,  placed  in  the  right  auriculo- 
ventricular  groove,  points  to  the  right  or 
posterior  coronary  artery  ;  + ,  + ,  placed 
in  the  anterior  interventricular  groove, 
indicate  the  left  or  anterior  coronary 
artery. 

inspiration,  so  as  in  that  condi- 
tion to  leave  only  a  triangular 
part,  not  more  than  two  square 
inches  in  extent,  uncovered.*  The 
posterior  or  under  surface  is 
flattened,  and  rests  on  the  dia- 
phragm. Of  the  two  borders  or 
margins  formed  by  the  meeting 
of  the  anterior  and  posterior  sur- 
faces, the  right  or  lower  border, 
called  margo  acutus,  is  compara- 
tively thin,  and  is  longer  than  the  upper  or  left  border,  which  is 
more  rounded  and  is  named  margo  oMusus. 

A  deep  transverse  groove,  the  aurkuJo-venirkular  furrow,  inter- 
rupted in  front  by  the  root  of  the  pulmonary  artery,  divides  the 
heart  into  the  auricular  and  the  ventricular  portions ;  and  on  the  ven- 
tricular portion  two  longitudinal  furrows,  situated  one  on  the  anterior, 
the  other  on  the  posterior  surface,  mark  its  division  into  a  right 
and  left  chamber.  They  extend  from  the  base  of  the  ventricular 
portion,  and  are  continuous  one  with  the  other  a  little  to  the  right 
of  the  apex,  which  thus  appears  to  be  formed  entirely  by  the  wall  of  the 
left  ventricle.  The  anterior  longitudinal  furrow  (fig.  165  +  +  )  is  nearer 
to  the  left  border,  whilst  the  posterior  furrow  approaches  nearer  to  the 
right  border  of  the  heart,  the  right  ventricle  forming  more  of  the 
anterior,  and  the  left  more  of  the  posterior  surface  of  the  organ. 
In  the  transverse  and  longitudinal  furrows  run  the  coronary  or  cardiac 

*  This  uncovered  part  may  be  marked  off  on  the  surface  of  the  chest  by  two  lines 
drawn  from  the  apex-point  to  the  middle  line  of  the  sternum,  one  hori7ontal,  the  other 
extending  obliquely  upwards  to  between  the  fourth  cartilages. 
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arteries   and  yeins  with  lynipliatic   vessels  and  nerves,  imbedded  in 
fatty  tissue. 

CAVITIES    OF     THE     HEAET. 

The  heart,  as  before  remarked,  contains  four  chambers  or  compart- 
ments, a  right  and  a  left  auricle  and  a  right  and  a  left  ventricle. 

166.  Fig.  166.— YiEW  OF  THE  Heart 

AND    Great   Vessels    from 
BEHIND  (R.  Quain), 

1,  posterior  surface  of  the 
riglit  ventricle  ;  2,  the  same 
of  the  left ;  3,  the  right  pul- 
monary arttry  near  the  division 
of  the  primary  trunk  ;  3', 
branches  of  the  right  pulmonary 
artery  jjassing  into  the  root  of 
the  right  lung  ;  3",  the  same  of 
the  left ;  4',  arch  of  the  aorta  ; 
4",  descending  thoracic  aorta ;  5, 
right  auricle  ;  6,  is  placed  on  the 
division  between  the  right  and 
left  auricles  ;  7,  superior  vena 
cava  ;  7',  left  vena  innominata ; 
8,  trunk  of  the  inferior  vena 
cava ;  9,  right  large  hepatic 
vein  ;  10,  11,  12,  right  pul- 
monary veins  ;  13,  14,  left 
pulmonary  veins  ;  + ,  + ,  pos- 
terior branches  of  the  right  and 
left  coronary  arteries. 


The  right  auricle  (fig.  165,  5)  is  best  brong'^st  into  view  on  turning 
the  heart  somewhat  to  the  left  side  ;  it  is  then  seen  to  occupy  the  right 
and  anterior  portion  of  the  base  of  the  organ.  Wlien  thus  viewed  the 
auricle  appears  of  a  quadrangular  form,  the  superior  and  inferior 
vensB  cavffi  (fig.  167,  1,  2),  occupying  respectively  the  upper  and 
lower  posterior  angles,  while  a  tongue-shaped  portion,  the  auriciiJar 
apprndix  or  auricle  2^'>'oper,*  is  seen  to  project  from  the  anterior  and 
upper  angle  and  to  turn  to  the  left  over  the  root  of  the  aorta.  The 
main  part  of  the  auricle,  that  into  which  the  great  veins  directly  pour 
their  blood,  is  commonly  named  sinus  venosus  or  atrium,  to  distinguish 
it  from  the  auricular  appendix.  When  opened,  the  interior  of  the  right 
auricle  presents  a  smooth  and  even  surface,  except  in  the  appendix 
which  is  ridged  vertically  with  closely  set  reticulated  muscular  bands, 
and  upon  the  anterior  wall  of  the  sinus,  where  similar  bundles  are  seen 
extending,  but  here  running  parallel  with  one  another,  like  the  teeth 
of  a  comb,  and  thence  termed  musculi  pecUnati. 

The  posterior  wall  corresponds  with  the  partition  between  the  two 
auricles  {septum  auricularmn) .  Near  its  lower  part  and  just  above  and 
to  the  left  of  the  orifice  of  the  inferior  vena  cava  is  an  oval  depression^, 
thQ  fovea  or  fossa  ovalis  (fig.  167,  3'),  the  remains  of  i\\Q  foramen  ovale 
{vestigium  foraminis  ovalis),  which  is  an  open  passage  in  the  foetal  heart 
from  the  right  to  the  left  auricle.  The  fossa  ovalis  is  bounded  above 
and  at  the  sides  by  a  prominent  border,  deficient  below,  the  anmilus 
*  So  termed  from  its  resemblance  to  the  external  ear  of  some  animals. 
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ovalis  or  isthmus  Vieussmvi,  whilst  the  floor  of  the  fossa,  formed  by  what 
was  previously  a  valve,    is   thin   and   translucent  ;    ?.nd  occasionally 
a  small  oblique  passage  leading  into  the  left  auricle  is  left  between  it 
and  the  annular  border.     At  the  right  part  of  the  cavity  are  seen  the 
orifices  of  the  superior  and  inferior  cavse  ;  the  former  passing  down- 
Fig.     167.— The     Eight  Fig.  167. 
Auricle      and      Ven- 
tricle   OPENED    AND    A 
PART    OF     THEIR    RiGHT 

AND   Anterior  Walls 

REJIOVED  so  A3  TO  SHOW 
THEIR    INTERIOR    (Allen 

Thomson).       One-half 
THE  Natural  Size. 

1,  tlie  superior  vena 
cava  ;  2,  the  inferior  vena 
cava  at  the  place  where  it 
passes  through  the  dia- 
phragm ;  2',  the  hepa- 
tic veins  cut  short ;  3, 
placed  upon  the  tubercle 
of  Lower  within  the  cavity 
of  the  right  auricle  ;  3', 
placed  in  the  fossa  ovalis, 
the  Eustachian  valve  is 
just  below  ;  3",  is  placed 
close  to  the  apei-ture  of 
the  great  coronary  vein 
and  its  valve  ;  + ,  + , 
the  auriculo  -  ventricular 
groove,  a  narrow  portion 
of  the  adjacent  walls  of 
the  auricle  and  ventricle 
having  been  preserved  ; 
4,  4,  on  the  right  side  of 
the  septum,  the  cavity  of 
the  right  ventricle  ;  4', 
large  anterior  columna 
carnea  ;  5,  the  anterior  ; 
6',  the  inferior,  and  5", 
the  septal  segment  of 
the    tricuspid    valve  ;    6, 

is  placed  in  the  interior  of  the  pulmonary  arterj',  a  part  of  the  anterior  wall  of  that 
vessel  having  lieen  removed,  and  a  narrow  portion  of  it  preserved  at  its  commencement 
where  the  pulmonary  valve  is  attached.  The  valve  is  represented  half-closed  ;  two  of  the 
segments  are  seen  foreshortened,  the  third  sideways  ;  7,  concavity  of  the  aortic  arch  close 
to  the  cord  of  the  ductus  arteriosus  ;  8,  ascending  part  or  sinus  of  the  arch  covered  at  its 
commencement  by  the  auricular  appendix  and  pulmonary  artery  ;  9,  placed  between  the 
innominate  and  left  common  carotid  arteries  ;  10,  appendix  of  the  left  auricle  ;  11,  11, 
the  outside  of  the  left  ventricle,  the  lower  figure  near  the  apex. 

wards  and  forwards,  the  latter,  the  larger,  being  directed  upwards  and 
inwards.  Between  the  two  orifices  is  a  slight  projection,  better  marked 
in  certain  quadrupeds  than  in  man,  which  has  received  the  somewhat 
misleading  name  of  tubercle  of  Lower  (fig.  167,  3). 

In  front  of  the  orifice  of  the  inferior  cava,  and  partly  covering  it,  is  a 
crescentic  fold  of  the  lining  membrane,  the  Eustaclitan  valve.  This  is 
continuous  by  its  convexity  with  the  margin  of  the  venous  orifice,  and  its 
anterior  cornu  is  prolonged  into  the  anterior  limb  of  the  annulus 
ovalis.   This  valve,  which  is  very  variable  in  character  in  the  adult,  being 
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often  cribriform  or  perforated  with  holes,  is  an  important  striictm^e  in 
the  foetal  heart,  and  serves  the  purpose  of  directing  the  stream  of  blood 
from  the  inferior  cava  through  the  foramen  ovale  into  the  left  auricle. 
The  other  openings  into  the  right  auricle  are  1, — the  auriculo-venfriciilar 
aperture,  situate  in  front  of  the  inferior  vena  cava  and  occupjdng  the 
anterior  and  under  part  of  the  cavity  :  it  is  oval  in  form  and  large, 
admitting  three  fingers  easily  ;  2,  the  orifice  of  the  large  coronary  vein  of 
the  heart  (fig.  167,3"),  situated  between  the  inferior  cava  and.  the 
auriculo-ventricular  opening  :  this  is  guarded  by  a  semicircular  valve, 
sometimes  double,  which,  although  previously  figured  by  Eustachius,  is 
often  named  valve  of  Thebesius  ;  3,  openings  of  one  or  two  lesser 
cardiac  veins  fxova  the  surface  of  the  right  ventricle  ;  and  4,  ihefora- 
mina  of  Thehesius,  a  number  of  small  pits  variously  situated,  some  of 
which  are  merely  recesses  closed  at  the  bottom,  wdiilst  others  are  the 
mouths  of  small  veins  {vence  minimce,  cordis). 


K-   168. 


Fig.  168. — ViKw  OF  THE  Adulii  Heart,  fro:x 

BEHIND,  TO  SHOW  THE  CoilONART  VeINS  (Allen 

Thomson).     One-third  the  Natural  Size. 

a,  placed  on  the  back  of  the  right  auricle, 
points  to  the  Eustachian  valve  seen  within 
tlje  opening  of  the  inferior  vena  cava  ;  6,  left 
auricle ;  c,  right  ventricle  ;  d,  left  ventricle  ;  e, 
vena  cava  superior  ;  /,  arch  of  the  aorta  ; 
1,  coronary  sinns  ;  2,  great  coronary  vein  turn- 
ing round  the  heart  in  the  auriculo-ventricular 
groove  ;  3,  4,  posterior  branches  ;  5,  one  of  the 
small  right  cardiac  veins  passing  directly  into 
the  right  auricle  ;  6,  the  vestige  of  the  left 
superior  vena  cava  jiroceeding  over  the  left 
auricle  downwards  to  join  the  coronary  sinus. 


The  coronary  vein  (fig-.  168,  1)  is  con- 
siderably dilated  before  it  enters  the  auricle, 
and  this  dilated  portion,  which  is  imbedded 
in  the  posterior  wall  of  the  left  auricle,  is 
tenned  the  "  coronary  sinus."  At  the  junc- 
tion of  the  coronary  vein  with  the 
dilated  portion  there  is  a  valve  con- 
sisting- of  one  or  two  segments.  Other 
small  veins  like-nn.se  enter  the  coronary  sinus,  each  of  them  protected  by  a 
valve.  One  of  these  small  veins,  the  "  oblique  vein "  of  Marshall  (fig.  168, 
6),  takes  a  straight  course  from  the  vestigial  fold  before  mentioned,  over  the 
back  of  the  left  auricle,  to  open  into  the  coronary  sinus.  This  vein  has  no  valve 
over  its  orifice  :  it,  together  with  the  coronary  sinus,  is  to  be  looked  upon  as  the 
remnant  of  the  original  left  superior  cava  of  the  embryo  (vide  antea,  p.  212). 

The  right  or  anterior  ventricle  (fig.  165, 1)  occupies  the  chief  part 
of  the  anterior  surface  of  the  heart,  the  right  border,  and  a  smaller 
portion  of  the  posterior  surface.  It  extends  nearly,  but  not  quite, 
to  the  apex.  The  upper  and  left  angle  is  prolonged  in  a  conical 
form  to  the  commencement  of  the  pulmonary  artery :  this  part  of 
the  ventricle  is  named  conns  arteriosus,  or  infundiiuluni.  The  muscular 
wall  of  this  ventricle  is  thickest  at  the  base,  and  becomes  thinner 
towards  the  apex.  When  the  cavity  is  laid  open  (fig.  167)  the  septum 
of  the  heart  is  seen  to  bulge  into  it,  so  that  the  cross  section  is 
crescentic  in  form  (fig.  169).      At  the  base  of  the  ventricle  are  two 
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orifices,  protected  by  valves  ;  the  auricnlo-ventricular,  of  au  oval 
form,  and  situate  towards  the  right,  and  that  of  the  imlmonary 
artery,  smaller,  more  elevated,  and  towards  the  left.  Between  the  two 
the  wall  of  the  cavity  projects  downwards,  in  the  form  of  a  thick 
rounded  muscular  partition.  The  inner  surface  is  marked  by  muscular 
bundles,  "  columnas  carnere,"  some  of  which  are  attached  by  each  ex- 
tremity to  the  wall  of  the  ventricle  and  are  free  in  the  middle,  others  are 


Fis.  169. 


Fig.  169. — Cross  Section  of  the 
Ventricular  part  of  the 
Heart  at  two-thirds  from 
THE  Apex  looking  downwari-s 
INTO  THE  Cavities  (Allen 
Thomson).  2— 3rds  *    the 

natural  size. 

1,  1',  "Wall  of  tlie  right  ventri- 
cle ;  2,  2',  wall  of  the  left  ;  3,  3', 
septum  ;  4,  the  principal  papil- 
lary muscle  of  the  right  ventricle  ; 
4',  some  columnee  carneaa  on  the 
septum  near  the  front  ;  4",  others 
posteriorly  near  the  septum  ;  5,  5', 
the  principal  papillary  muscles  of 
the  left  ventricle  ;  6,  the  deepest 
j)art  of  the  cavity  of  the  right 
ventricle  ;  7,  that  of  the  left  ven- 
tricle at  the  apex  of  the  heart. 

only  sculptured  in  relief,  as  it  were,  being  continuous  with  the  wall  of 
the  ventricle  in  their  whole  length  ;  while  a  third  set,  forming  two  prin- 
cipal bundles,  an  anterior  (fig.  167,  4',)  and  a  posterior,  named  musculi 
'pcqyillares,  are  connected  at  their  base  with  the  ventricular  wall,  and  by 
the  other  end  are  attached  to  small  tendinous  cords  {chordm  tendinecii), 
through  which  they  are  connected  with  the  segments  of  the  auriculo- 
ventricular  valve.  The  inside  of  the  conns  arteriosus  is  smooth,  and 
free  from  columuEe  carnete. 

The  valve  guarding  the  right  auricnlo-ventricular  opening  is  com- 
posed of  three  triangular  segments,  or  flaps  (anterior,  right  or  inferior, 
and  posterior,  or  septal),  and  is  hence  named 'the  tricuspid.  The  flaps 
are  mainly  formed  of  folds  of  the  endocardium,  enclosing  fibrous  tissue. 
At  their  bases,  they  are  continuous  with  one  another,  so  as  to  form  an 
annular  membrane  attached  around  the  margin  of  the  auricular  open- 
ing :  they  are  directed  downwards,  and  are  retained  in  position  within 
the  ventricle  by  the  chordaj  tendinete,  which  are  attached  to  their 
ventricular  surfaces  and  free  margins.  The  middle  part  of  each  seg- 
ment is  thicker  than  the  rest,  whilst  the  marginal  part  is  thin,  trans- 
parent, and  jagged  at  the  edges  (compare  fig.  173,  B,  e,  e). 

The  chordae  tendinea3  from  the  anterior  papillary  muscle  pass  to  the  cleft 
between  the  anterior  and  inferior  segments,  to  be  attached  to  both  :  the  chordae 
tendinese  from  the  posterior  papillary  muscle  are  attached  in  like  manner  to  the 
posterior  and  inferior  segments  :  while  others  forming  a  third  set  spring  directly 
from  the  surface  of  the  septum,  sometimes  from  small  eminences  upon  it,  and 
pass  upwards,  to  be  attached  to  the  adjacent  borders  of  the  anterior  and  poste- 
rior segments. 

During  the  contraction  of  the  yentricle,  the  segments  of  the  valve  are  applied 
to  the  opening  leading  from  the  aiu-icle,  and  preveni:  the  blood  from  rushing 
back  into  that  cavity.  Being  retained  by  the  chorda3  tendinece,  the  expanded 
flaps  of  the  valve  resist  the  pressure  of  the  blood,  which,  would  otherwise  force 
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tliem  back  through  the  auricula^;  orifice  ;  the  papillary  imiscles,  shortening'  as 
the  cavity  of  the  ventricle  itself  shortens,  are  sui^posed  thus  to  prevent  the  valve 
from  yielding  too  much  towards  the  auricle.  In  the  angles  between  each  pair  of 
the  principal  segments  of  the  auriculo-ventricular  valves  there  may  be  found, 
but  not  constantly,  as  many  small  mtermediate  lobes. 

According  to  Kiirschner  (AVagners  Handworterbuch.  art.  "  Herzthatigkeit "), 
three  kinds  of  cords  belong  to  each  segment ;  a,  the  first  set,  generally  two  to 
four  in  number  and  proceeding  from  two  different  sets  of  papilla,  or  from  one  of 
these  and  the  wall  of  the  ventricle,  rmi  to  the  base  or  attached  margin  of  the 
segment,  and  are  there  connected  also  with  the  tendinous  ring  round  the  auriculo- 
ventricular  opening  ;  Ij,  the  second  set,  more  numerous,  and  smaller  than  the 
first,  proceed  also  from  two  adjacent  papillary  muscular  groups,  and  are  attached 
at  intervals  to  the  back  or  ventricular  surface  of  each  segment  along  two  or 
more  lines  extending  from  the  points  of  attachment  of  .  the  tendons  of  the  first 
order  at  the  base  of  the  valve  to  near  its  free  extremity  ;  c,  the  third  set,  which 
are  still  more  numerous  and  much  finer,  branch  off  from  the  preceding  ones,  and 
are  attached  to  the  back  and  edges  of  the  thinner  marginal  portions  of  the 
valves.  A  few  muscular  fibres  prolonged  from  the  neighboui-ing  walls  penetrate 
into  the  segments  of  the  auriculo-ventricular  valves. 

A  fibrous  band,  sometimes  muscular,  is  often  found  stretching  across 
tlie  cavity  of  tiie  right  ventricle  from  the  base  of  the  anterior  papillary 
muscle  to  the  septum.  It  represents  the  strong  "  moderator "  band 
found  in  the  heart  of  the  ox  and  of  some  other  animals. 

The  valve  at  the  orifice  of  the  pulmonary  artery  consists  of  three 
flaps,  a  right  and  left  anterior  and  a  posterior,  named  from  their  shape 
semilunar  or  sigmoid  (figs.  167,  G ;  172  I) :  *  tliey  are  constructed  similarly 
to  those  on  the  left  side  at  the  root  of  the  aorta  :  and  as  the  characters 
of  the  last  named  are  better  marked,  the  more  complete  description 
■\vill  be  reserved  until  these  are  treated  of. 

The  left  auricle  (fig.  170,  1')  occupies  the  left  and  posterior  part 
of  the  base  of  the  heart.  The  atrium  presents  from  behind,  where 
it  is  best  seen,  a  quadrilateral  appearance.  In  front  it  is  in  con- 
tact with  the  aorta  and  pulmonary  artery  ;  behind,  it  receives  two 
pulmonary  veins  on  each  side,  those  from  the  left  lung  entering 
very  close  together  ;  on  the  right,  it  is  in  contact  with  the  other 
auricle.  The  auricular  appendage  (fig,  165,  6)  is  the  only  part  of  the 
left  auricle  seen  from  the  front :  it  extends  forwards  from  the  left  side 
of  the  atrium,  and  curves  towards  the  right  side,  resting  on  the  pulmo- 
nary artery.  It  is  more  curved  as  well  as  longer  and  narrower  than 
that  of  the  right  auricle,  and  its  margins  are  more  deeply  indented. 

The  interior  of  the  appendix  presents  musculi  pectinati  somewhat 
similar  to  those  in  the  right  side  of  the  heart,  but  the  walls  of  the  sinus 
venosus  are  altogether  smooth  and  even,  and  are  also  thicker  than  those 
of  the  right  auricle.  Posteriorly  the  openings  of  the  pulmonary  veins  are 
seen,  usually  two  on  each  side,  and  without  valves  (fig.  170,  1).  The 
two  veins  of  one  or  both  sides  sometimes  unite  into  one  before  enter- 
ing the  auricle,  whilst  in  other  cases  there  is  found  an  additional  open- 
ing, most  frequently  on  the  right  side.  In  the  lower  and  fore  part  of 
the  auricle  is  situated  the  left  auriculo-ventricular  orifice.  It  is  of  an 
oval  form,  and  is  rather  smaller  than  the  corresponding  opening  between 
the  right  auricle  and  ventricle.     On  the  septum  between  the  auricles,  a 

*  Sibson  proposes  to  term  the  whole  apparatus  guarding  the  arterial  orifices  the 
aortic  or  pulmonary  valve,  reserTing  the  terms  semilunar  and  sigmoid  to  denote  the 
individual  flaps  or  segments. 
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lunated  depression  may  be  observed  (1'),  comparable  to  a  mark  made 
by  the  finger-nail  on  a  soft  surface.  This  is  the  vestige  of  the 
foramen  ovale,  as  it  appears  on  the  left  side.  The  depression  is  limited 
by  a  slight  crescentic  ridge,  the  concavity  of  which  is  turned  upwards, 
and  which  is  in  fact  the  border  of  the  now  adherent  membranous  yalve, 
which  during  foetal  life  is  applied  to  the  left  side  of  the  then  open 
foramen  ovale.  The  line  of  adhesion  may  vary  so  as  to  leave  more  or 
less  of  a  pocket-like  recess. 

Fig.  170. — The  Left  Auricle  Fig.  170. 

AND  Ventricle  opened  and 

A  PART  OF  THE  \YaLL  Ee- 
3I0VED  SO  AS    TO  SHOW  THEIR 

Interior  (Allen  Thom- 
son). One-half  the  natur- 
al size. 

The  commencement  of  the 
pulmonary  artery  has  been  cut 
away,  so  as  to  show  the  aorta  : 
the  opening  into  the  left  ven- 
tricle has  been  carried  a  short 
distance  into  the  aorta  between 
two  of  the  semilunar  flaps ; 
part  of  the  auricle  with  its 
appendix  has  been  removed. 
1,  the  two  right  i)i-ili^oi3,ry 
veins  cut  short  ;  1',  placed 
within  the  cavity  of  the 
auricle  on  the  left  side  of  the 
septum  and  on  the  part  which 
forms  the  remains  of  the  valve 
of  the  foramen  ovale,  of 
which  the  crescentic  border  is 
seen  ;  2',  a  narrow  portion 
of  the  wall  of  the  auricle  and 
ventricle  preseiwed  around  the 
auriculo-ventricular  orifice  ;  8, 
the  left  part,  3',  the  right  jiart, 
towards  the  septum,  of  the 
cut  surface  of  the  wall  of  the 
ventricle,  seen  to  become  very 
much  thinner  towards  3",  at 
the  apex  ;  4,  a  small  part  of 
the  wall  of  the  left  ventricle 
which  has  been  preserved  with 
the  principal  anterior  or  left 
papillary  muscle  attached  to 
it  ;  5,  5,  the  large  posterior  or  3  ' 

right  papillary  muscles  ;  5',  the 

left  side  of  the  septum  ventriculorum  ;  6,  the  right  or  aortic  segment,  and  6',  the  left  or 
parietal  segment  of  the  mitral  valve  ;  7,  placed  in  the  interior  of  the  aorta  near  its  com- 
mencement and  above  its  valve  :  7',  the  exterior  of  the  great  aortic  sinus  ;  8,  the  upper 
part  of  the  conns  arteriosus  with  the  root  of  the  pulmonary  artery  and  its  semilunar 
valves  ;  8',  the  separated  portion  of  the  pulmonary  artery  remaining  attached  to  the 
aorta  by  9,  the  cord  of  the  ductus  arteriosus  ;  10,  the  arteries  rising  from  the  summit 
of  the  aortic  arch. 

The  left  or  posterior  ventricle  occupies  the  left  border  of  the 
heart,  but  only  about  a  third  of  its  extent  appears  on  the  anterior  sur- 
face, the  rest  being  seen  behind.  It  is  longer  and  narrower  than  the  right 
ventricle,  and  the  cross  section  of  its  cavity  is  oval,  not  crescentic,  the 
septum  on  this  side  being  concave  (fig.  169).    Its  walls,  which,  excepting 
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near  the  apes,  are  three  times  as  thick  as  those  of  the  right  ventricle, 
ar3  thickest  at  the  part  whei-e  the  ventricle  is  widest,  about  one-fonrth 
of  its  length  from  the  base  (fig.  170,  3,  3');  from  this  point  they 
become  thinner  towards  the  auricular  opening,  and  still  thinner  towards 
the  apex  (3"),  which  is,  therefore,  the  weakest  part.  The  lining  mem- 
brane, which  is  continuous  with  that  of  the  left  auricle  and  the  aorta,  is 
usually  less  transparent  than  that  of  the  riglit  ventricle,  especially  in 
later  life.  In  the  interior  of  the  cavity  are  noticed  columnas  carnere, 
musculi  papillares  with  chordte  tendinese,  and  two  orifices  guarded  with 
valves.  The  colmmice  carnece,  are  smaller  than  those  of  the  right  ven- 
tricle, but  are  more  numerous  and  more  closely  reticulated.  Their 
intersections  are  very  nmrierous  near  the  apex  of^  the  cavity,  and  also 
along  its  posterior  wall,  but  the  upper  part  of  the  anterior  wall  and 
septum  is  comparatively  smooth.  The  miiscuU  papillares  (4,  5)  are  col- 
lected into  two  groups,  which  are  hirger  than  those  of  the  right  ven- 
tricle. The  two  orifices  of  this  ventricle  are  situated  very  close  together,. 
with  one  of  the  segments  (fig.  171,  G)  of  the  auriculo-ventriculaL-  valve 

Fi^.  171. 


Eig.   171. — View  op  the  Base  of   the  Ybntkiculak  Part  of  the  Heart,  showing 

THE     RELATIVE     POSITIOJf     OF      THE      ArTERIAL     AND     AuRICULO-VENTUICULAR    ORIFICES 

(Allen  Thomson).     Two-thirds  the  Natural  Size. 

The  muscular  fibres  of  the  ventricles  are  exposed  by  the  removal  of  the  pericardium, 
fat,  bloodvessels,  &c. ;  the  pulmonary  artery  and  aorta  and  the  auricles  have  been  re- 
moved. The  valves  are  in  the  closed  condition.  A,  is  placed  opposite  that  part  which 
is  most  anterior  when  the  organ  is  in  the  natural  position  within  the  body.  1,  1,  right 
ventricle  ;  1',  conus  arteriosus  ;  2,  2,  left  ventricle  ;  3,  3,  the  divided  wall  of  the  right 
auricle  ;  4,  that  of  the  left  ;  5,  the  anterior,  5',  the  right  (or  inferior),  and  5",  thp 
septal  segment  of  the  tricuspid  valve  ;  6,  the  anterior  or  aortic,  and  6',  the  posterior 
or  parietal  segment  of  the  mitral  valve.  In  the  angles  between  these  segments  are  seen 
smaller  fringes  ;  7,  the  piilmonary  artery  ;  8,  placed  upon  the  root  of  the  aorta  ;  9,  the 
posterior,  9',  the  anterior  coronary  artery. 

between :  the  auricular  opening  is  placed  at  the  left  and  posterior  part 
of  the  base  of  the  ventricle  ;  the  aortic  opening,  in  close  proximity  in 
front  and  towards  the  right. 

The  Ncusjnd  or  mitral  valve,  at  the  left  auricular  opening,  resembles 
in  structure  the  tricuspid  valve  of  the  right  ventricle,  but  it  is  much 
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tliicL'er  and  stronger  in  all  its  parts,  and  consists  of  only  two  pointed 
segments,  continuous  at  tlieir  attached  bases.  The  larger  of  the  two 
segments  is  suspended  obliquely  to  the  right  and  in  fi'ont  of  the  other, 
between  the  auricular  and  aortic  openings  :  the  smaller  to  the  left  and 
posteriorly,  and  close  to  the  wall  of  the  ventricle.  There  is  usually  a 
smaller  lobe  at  each  angle  of  junction  of  the  two  principal  segments, 
more  apparent  than  those  between  the  segments  of  the  tricuspid  valve. 

As  on  the  right  side,  the  two  sets  of  chordjB  tendinete  from  the 
papillary  muscles  proceed  each  to  an  angle  between  the  two  segments, 
and  are  attached  in  like  manner  to  their  margins  and  ventricular  sur- 
faces (fig.  173,  B,  e,  e),  so  that  the  musculi  papillares,  when  they 
contract,  tend  to  bring  the  edges  of  the  flaps  together.  The  chords 
tendinete  are  stronger  and  less  numerous  than  in  the  right  ventricle. 

The  arterial  or  aortic  orifice  circular  in  form,  and  smaller  than  the 
auricular,  is  separated  from  it  only  by  the  attachment  of  the  anterior 
segment  of  the  mitral  valve. 

As  in  the  pulmouary  artery,  its  valve  consists  of  three  semicircular 
flaps  {semilunar  ov  sigmoid.)  (fig.  172,  II)  each  of  which  is  attached  by  its 

Fi?.  172. 
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Fig.    172. — The   Semilunar   Valtes   of    the  Aoeta  and  Pulmonary  Artery,    seen 
FEOii  THEIR  Distal  Side  (Allen  Thomson). 

I,  transverse  section  of  the  pulmonary  artery  immediately  above  the  attacliment  of  the 
semilunar  valves  :  «,  the  left,  and  c,  the  right  anterior  segments ;  h,  the  posterior 
segment  :  opposite  each  the  sinus  of  Valsalva  is  seen,  and  between  them  the  attachment 
of  the  valve-segments  to  the  inner  ■wall  of  the  arterj'. 

II,  a  similar  section  of  the  aorta  :  a,  the  left  posterior  segment,  and  h,  the  anterior 
segment,  with  the  corresponding  sinuses  of  Valsalva,  from  which  the  coronary  arteries 
are  seen  to  take  their  origin  ;  c,  the  right  posterior  segment  ;  d,  the  posterior,  and  e, 
the  anterior  coronary  arteries.  * 

k,  in  each  case,  as  in  fig.  171. 


convex  border  to  the  side  of  the  artery  at  the  place  where  it  joins  the 
ventricle,  whilst  its  other  border,  nearly  straight,  is  free,  and  projects  into 
the  interior  of  the  vessel.  The  segments  are  composed  of  duplicatures 
of  the  endocardium,  and  of  enclosed  fibrous  structure,  which  varies  in 
thickness  at  different  parts.  A  tendinous  band  strengthens  the  fi'ee 
edge  of  the  valve,  and  at  the  middle  of  that  margin  there  is  a  slight 

*  As  a  result  of  the  study  of  sections  made  from  frozen  bodies,  it  would  appear  that  the 
above  nomenclature  most  correctly  describes  the  natural  position  of  the  valve-segments. 
Those  of  the  pulmonary  valve  are,  however,  more  commonly  known  as  an  anterior,  a,  and 
two  posterior  ;  tliose  of  the  aortic,  as  a  posterior,  c,  and  two  anterior. 
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fibro-cartilaginous  thickening,  the  nodulus  or  corpus  ArcmUi  (fig.  173,b,3). 
Other  tendinous  fibres,  arising  from  the  attached  border,  run  in  the 
valve  toAvards  the  nodule  ;  occupying  its  whole  extent,  except  two  narrow 


Fig.   173. — Views   of   parts  of 

THE    SeMILUJJAH    AND     MiTRAL 

Valves,  as  seen  from  within 
THE  Ve2;tkicle  (Allen  Thom- 
son). 

A,  portion  of  tlie  pulmonary 
artery  and  wall  of  the  right  ven- 
tricle with  one  entire  segment  and 
two  half  segments  of  the  valve  ; 
a,  half  the  sinus  of  Valsalva  of 
the  left  anterior  segment ;  6,  the 
same  of  the  posterior  segment ; 
c,  the  entire  right  anterior 
sinus  (see  fig.  172,  I,  in  which 
the  lettering  is  the  same  as  in 
the  present  figure)  ;  d,  dl,  inner 
surface  of  the  ventricle ;  1,  the 
attachment  of  the  extremities  of 
the  segments  to  the  inner  wall 
of  the  artery ;  2,  the  middle 
of  the  attached  border  of  the 
segments  ;  3,  the  middle  of  the 
free  border  (corpus  Arantii). 

B,  portion  of  the  aorta  and  wall 
of  the  left  ventricle  with  one  entire 
segment  and  two  half  segments  of 
the  aortic  valve,  and  the  right 
or  anterior  segment  of  the  mitral 
valve  ;  a,  half  the  left  posterior 
segment  and  sinus  of  Valsalva  ; 
i,  the  left  anterior  ;  c,  the  right 
posterior  sinus  of  Valsalva  and 
segment  entire  ;  in  «,  and  h,  the 
apertures  of  the  coronary  arteries 
are  seen  ;  d,  d',  the  inner  surface 
of  the  wall  of  the  ventricle  ;  1,  2, 
and  3,  as  before  ;  e,  e',  the  base 
of  the  anterior  segment  of  the 
mitral  valve  ;  /,  its  apex ;  between 
c,  and  e',  and  /,  the  attachment 
of  the  branclied  chordje  tendineiE 
to  the  margin  and  outer  surface  of 
the  valve  segment  ;  g,  the  poste- 
rior or  right  principal  musculus 
papillaris  ;  h,  the  anterior  or  left 
Ijrincipal  musculus  papillaris  :  the 
cut  chordas  tendineos  are  those 
which  belong  to  the  posterior 
segment  and  the  small  or  inter- 
mediate segments. 


lunated  portions,  one  on  each  side,  adjoining  the  free  margin  of  the 
valve.  These  parts,  which  are  named  lunulce,  (fig.  173,  B),  are 
therefore  thinner  than  the  rest.  There  is  also  a  strengthening 
fibrous  cord  surrounding  the  attached  border  of  each  valve.  The  wall 
both  of  the  aorta  and  pulmonary  artery  is  bulged  out  opposite  each 
semilunar  flap  :  these  bulgings  are  known  as  the  sinuses  of  Valsalva. 
In  the  aorta  these  are  situated  one  anteriorly  and  two  posteriorly  (right 
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aud  left).  From  the  anterior  arises  the  right  coronary  artery ;  from 
the  left  posterior  the  left  coronary  artery  :  these  vessels  being  for  the 
supply  of  blood  to  the  substance  of  the  heart. 

The  capacity  of  the  sinuses  of  Valsalva  is  greater,  and  the  tendinous 
tissue  in  the  valves  is  more  strongly  marked  at  the  mouth  of  the  aorta 
than  at  the  commencement  of  the  pulmonary  artery. 

During  the  contraction  of  the  ventricle  the  valves  lie  at  first  against 
the  sides  of  the  artery,  and  allow  the  blood  to  flow  freely  past  them  ; 
but  when  the  column  of  fluid  in  the  artery  is  partially  throAvn  back 
by  the  elasticity  of  the  coats  of  that  vessel,  the  sigmoid  valves  are 
floated  back  by  the  refluent  blood,  and  completely  close  the  arterial 
orifice.  When  the  valves  are  thus  closed,  the  whole  free  border  and 
the  thin  lunated  parts  are  closely  applied  to  each  other,  and  are  held 
together,  as  Avell  as  exempted  from  strain,  by  the  opposite  and  equal 
pressure  of  the  blood  on  either  side,  so  that  the  greater  the  pressure 
the  more  accurate  must  be  the  closure.  The  force  of  the  reflux  is  sus- 
tained by  the  stouter  and  more  tendinous  part  of  the  valve. 

The  part  of  the  ventricle  adjoining  the  root  of  the  aorta  forms  a 
small  compartment,  the  "  aortic  vestibule  "  of  Sibson,  the  walls  of  which 
are  fibrous,  or,  in  some  parts,  fibro-cartilaginous,  so  that  it  remains 
uncoUapsed,  and  allows  space  for  the  bulging  flaps  of  the  aortic  valve 
to  descend  during  diastole,  besides  allowing  for  the  closure  of  the 
mitral  valve  during  extreme  contraction  of  the  ventricle. 

POSITION  OF  THE  PARTS  OF  THE  HEART  WITH  RELATION  TO  THE  WALL 
OF  THE  THORAX. 

The  following  statements  are  derived  mainly  from  the  observations 
of  Luschka  and  Allen  Thomson :  they  have  been  carefully  compared 
with,  and,  where  necessary,  modified  from  those  of  other  observers.* 

Nearly  two-thirds  of  the  bulk  of  the  heart  lie  to  the  left  of  the  middle 
line  (fig.  174).  The  upper  edge  of  the  auricles  corresponds  with  a  line 
extending  across  the  sternum  from  the  second  right  into  the  first  left 
intercostal  space.  The  riaht  auride  (3')  extends  laterally  from  about  an 
inch  beyond  the  right  border  of  the  sternum  to  the  middle  of  the  left 
half  of  that  bone,  and  vertically  from  the  middle  of  the  second  right 
cartilage  to  the  lower  border  of  the  fourth.  The  point  of  the  right  auri- 
cular appendage  is  exactly  behind  the  middle  line  on  a  level  with  the 
upper  border  of  the  third  costal  cartilages  (3).  The  left  auride 
extends  vertically  from  the  level  of  the  second  left  intercostal  space 
to  the  upper  border  of  the  fourth  left  cartilage  ;  and  in  breadth 
corresponds  to  the  body  of  the  eighth  dorsal  vertebra  and  the  head  of  the 
adjoining  rib.  The  apex  of  the  left  auricular  appendage  (4)  is  in  the 
lower  part  of  the  second  intercostal  space  or  behind  the  third  costal 
cartilage,  about  an  inch  and  a  quarter  from  the  left  of  the  sternum. 

*  Lusclita,  Die  Bnistorgane,  1857;  and  Anatomie  cles  Menschen,  &c.,  1863  ;  "Walslie, 
Diseases  of  the  Heart  and  Great  Vessels  ;  Sibson,  On  the  Normal  and  Abnormal  Situation 
and  Structure  of  the  Viscera  of  the  Chest,  in  Trans,  of  the  Provinc.  Med.  and  Surg. 
Assoc,  Tol.  xii.,  year  1842,  and  in  his  "Work  on  Medical  Anatomy,  also  article  on  the 
Position  and  Fonn  of  the  Heart,  in  Pieynolds'  System  of  Medicine,  vol.  iv.  ;  Allen  Thomson, 
Notice  of  the  case  of  E.  Groux,  &c. ,  with  Observations  on  the  Position  and  Actions  of 
the  Heart,  in  Glasgow  Med.  Joum.,  April,  185S  ;  Pirogoff,  Anatomia  Topographica  ; 
Braune,  Topographisch-Anatomischer  Atlas  ;  Le  Gendre,  Anatomie  Chinu'gicale  Homo- 
lographique.  The  three  last-mentioned  publications  give  the  results  obtained  by  means 
of  sections  of  the  chest  at  diiferent  levels,  made  whilst  frozen. 


254 


THE  "HEART. 

Fig.  174. 


Pig.  174. — Semi-diageammatic  representation  op  the  Chest,  to  sho-w  the  position 
OF  the  Heart  and  Great  Vessels,  as  seen  behind  the  Sternuji  and  Costal 
Cartilages  (from  Lusclika  and  A.  Thomson).     One-fourth  the  natitral  size. 

The  lungs  have  shrunk  from  the  front  of  the  chest.  The  heart  is  slightly  higher 
than  during  life,  and  the  aorta  more  to  the  right,  a,  right  clavicle  ;  b,  scalenus 
anticus  muscle ;  c,  sterno-mastoid  muscle  divided  ;  d,  pectoral  muscles  divided  ; 
+ ,  axillary  nerves  above  the  subclavian  artery  ;  e,  trachea  below  the  isthmus  of  the 
thyroid  body  ;  /,  /,  upper  surface  of  tlie  diaphragm  ;  r/,  g,  surface  of  the  lungs  ; 
[/',  on  the  left  side,  apex  of  the  lung  or  pleura  appearing  in  the  neck  ;  h,  right, 
h!,  left  lobe  of  the  liver  ;  i,  stomach  ;  Ic,  k,  transverse  colon ;  I,  to  X,  first  to  tenth  ribs 
near  their  cartilages  ;  1,  placed  on  the  lower  part  of  the  manubrium  of  the  sternum,  and 
on  the  place  of  the  arcli  of  the  aorta  indicated  by  dotted  lines  ;  2,'placed  in  the  second  left 
intercostal  space,  on  the  stem  of  the  pulmonary  artery  ;  3,  appendix  of  the  right  auricle  ; 
3',  on  the  sinus  venosus,  behind  the  third  space  ;  3",  its  lower  part  at  the  junction  of 
the  sixth  and  seventh  right  costal  cartilages  with  the  sternum;  4,  left  auricular  appendix ; 
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5,  5,  right  ventricle  ;  6,  left  ventricle  ;  6',  apex  of  the  heart  :  the  white  line  outside  the 
heart  is  intended  to  indicate  the  external  pericardium,  as  if  the  anterior  half  were  removed 
by  a  transverse  incision  ;  7,  7,  vena  cava  superior  ;  8,  8,  internal  jugular  veins ;  9,  9, 
subclavian  veins,  joining  the  jugular  ;  9,  7,  9,  innominate  veins  ;  the  right  rising  behind 
the  sterno-clavicular  articulation,  the  left  crossing  obliqiiely  behind  the  upper  half  of  the 
manubrium.  The  position  of  the  first  parts  of  the  innominate  artery,  left  carotid  and  left 
subclavian  arteries,  is  indicated  behind  and  below  this  vein  ;  9',  9',  outer  part  of  the  sulj- 
clavian  arteries.  It  is  to  be  observed  that  in  this  figure  the  attachment  of  the  sixth  costal 
cartilage  to  the  sternum  is  represented  a  little  too  high. 

The  right  ventricle  extends  from  above  do\vn  from  the  third  to  the 
sixth  cartilages  on  the  left  side.*  The  conns  arteriosus  is "  its  most 
projecting  part,  being  uncovered  by  lung.  The  auriculo-vcntricular 
sulcus  corresponds  with  a  line  drawn  obliquely  upwards  from  near  the 
sternal  end  of  the  6th  costal  cartilage  on  the  right  side,  to  the  Srd  car- 
tilage on  the  left.  The  rounded  margin  formed  by  the  left  ventricle 
extends  on  the  left  side  from  the  3rd  cartilage  to  a  point  in  the  fifth 
space  two  inches  vertically  below  the  nipple.  ThQ  sharp  margin  iovvciQ(i 
by  the  right  ventricle  passes  from  the  sternal  end  of  the  6th  cartilage  on 
the  right,  and  crosses  behind  the  7th  right  cartilage,  the  ensiform  (at 
its  upper  third),  and  the  7th  left  cartilage,  to  meet  the  other  margin 
at  the  apex. 

The  apex  of  the  heart  (fig.  174,  6')  is  situated  about  3|  inches  to  the 
]eft  of  the  middle  line,  in  the  fifth  intercostal  space,  close  to  the  upper 
margin  of  the  sixth  rib. 

The  auriculo-ventricular  openings  lie  slightly  to  the  right  of  the  line 
of  the  auriculo-ventricular  sulcus.  The  tricuspid  orifice  lies  behind  the 
lower  fourth  of  the  sternum,  its  upper  border  being  on  a  level  with  the 
fourth  cartilages.  The  left  auriculo-ventricular  opening  extends  from 
the  ord  space  to  the  5th  cartilage  behind  the  left  half  of  the  sternum. 
The  orifice  of  the  pnilmonarg  artery  is  placed  immediately  to  the  left 
of  the  sternum,  behind  the  edge  of  that  bone  and  the  Srd  cartilage  ; 
the  aortic  orifice,  also  partly  behind  the  left  half  of  the  sternum,  is  on  a 
slightly  lower  level  than  the  orifice  of  the  pulmonary  artery  (being 
opposite  the  lower  part  of  the  ord  cartilage  and  the  Srd  intercostal 
space),  and  is  covered  by  it  in  one-fourth  its  diameter.  The  aortic 
orifice  is  exactly  behind  the  posterior  wall  of  the  conns  arteriosus. 

INTIMATE    STRUCTURE   OF   THE   HEART. 

The  substance  of  the  heart  consists  chiefly  of  muscular  tissue ;  but 
besides  this  a  certain  amount  of  fibrous  and  fibro-cartilaginous  tissue 
is  met  with,  collected  principally  at  the  base  of  the  ventricles  around 
the  ventricular  orifices. 

Pibro-cartilage  and  fibrous  tissue. — In  the  angle  between  the 
aortic  and  the  two  auriculo-ventricular  openings  (see  fig.  171,  close 
to  8)  a  fibro-cartilaginous  mass  is  found,  which  in  some  animals,  as  the 
ox  and  elephant,  is  bony,  and  is  known  as  the  os  cordis.  From  this 
central  fibro-cartilage  processes  pass  iuA^arious  directions.  One  of  these, 
extending  downwards  to  meet  the  fleshy  septum  of  the  ventricles, 
separates  the  left  ventricle  from  the  right  auricle,  forming  the  right 
boundary  of  the  aortic  vestibule.  These  processes  form  the  bases  of 
wdiat  have  been  described  by  authors  as  the  fibrous  or  tendinous  rings  of 
the  auriculo-ventricular  and  arterial  openings.  The  fibrous  tissue  of 
these  rings  is  continuous  with  that  which  is  found  in  the  segments 

*  These  are  sometimes  termed  the  "  cardiac  cartilages." 
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of  the  ralves,  strengthened  on  the  sides  next  the  septnm  "by  tlie 
processes  from  tlie  fibro-cartilage.  The  rmgs  of  the  arterial  orifices 
give  attachment  below  to  some  of  the  muscular  fasciculi  of  the  ventricle, 
whilst  above  they  present  an  uneven  edge  with  three  deep  semilunar 
notches,  to  which  the  middle  coat  of  the  artery  and  the  flaps  of  the 
valve  are  firmly  attached.  The  fibres  of  the  middle  coat  of  the  artery, 
here  comparatively  thin,  are  not  arranged  annularly,  as  in  other  parts 
of  the  vessel,  but  converge  to  the  intervals  between  the  sinuses  of 
Valsalva,  to  be  attached  to  the  fibrous  rings. 

The  tendinous  rings  of  the  aortic  and  left  auricular  orifices  are  con- 
fluent, so  that  when  the  fibrous  tissue  is  destroyed  by  boiling  the  two 
apertures  run  into  one. 


are  seen 
them. 


Fig.    175. — Anterior    tie-w   op 
Heart   op  a  YouNa  Subject 

DISSECTED    AFTER    BOILING,      TO 

SHOW  THE   Superficial  Mus- 
cular     Fibres,     two-thirds 

THE     NATURAL      SIZE.         (Allen 

Thomson). 

This  figure  is  planned  after  one 
of  Luschka's,  but  its  details  were 
chiefly  taken  from  an  original 
preparation.  The  aorta,  b',  and 
pulmonary  artery,  a',  have  been 
cut  short  close  to  the  semilunar 
valves,  so  as  to  show  the  anterior 
fibres  of  the  auricles,  a,  super- 
:icial  layer  of  the  fibres  of  the 
right  ventricle  ;  b,  that  of  the 
I  lift  ;  c,  c,  anterior  interventricu- 
lar groove,  from  which  the  coron- 
ary vessels  have   been  removed, 

v-v-*^       \ssa«Bii»'  rf,  right  auricle  ;  rf',  its  appendix, 

'W^>=^^^  ^\^     \  ^^^MT  both  showing  chieflyperpendicular 

*^^^  '* '  fibres  ;  e,  upper  part  of  the  left 

auricle  ;  between  e,  and  V,  the 
transverse  fibres  which  behind  the 
aorta  pass  across  both  auricles  ; 
e',  appendix  of  left  auricle  ;  /,  su- 
perior vena  cava,  around  which, 
near  the  auricle,  circular  fibres 
;  g,  g',  right  and  left  pulmonary  veins  with  circular  bands  of  filares  surrounding 


Muscular  tissue. — The  microscopical  characters  of  the  muscular 
tissue  of  the  heart  have  been  already  considered  (p.  119).  It  remains, 
however,  to  notice  the  general  course  and  arrangement  of  the 
fasciculi  (or  "  fibres,"  as  they  are  ordinarily  termed),  in  the  auricles 
and  ventricles  respectively,  for  the  muscular  bundles  of  the  two  are 
not  continuous,  being  only  connected  by  the  fibrous  tissue  around  the 
auriculo-ventricular  orifices  :  in  conformity  with  this  it  is  seen  that 
after  boiling  the  heart  the  auricles  may  be  easily  separated  from  the 
ventricles. 

Piferes  of  the  auricles. — These  consist  of  a  superficial  set,  common 
to  both  cavities,  and  of  deeper  fibres  proper  to  each.  The  snjperjidal, 
common  or  transverse  fibres  run  transversely  over  both  venous  sinuses, 
near   the  base,   and    are    most  numerous  on  the  anterior  surface ; 
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some  of  them  pass  in  at  the  inter-auricular  septum  (fig.  175),  The 
deeper  fibres,  whicli  are  j?ro/;<?r  to  each  auricle,  consist  of  two  sets,  viz., 
the  looped  and  the  annular  fibres.  The  loojjecl  fibres  pass  over  the 
auricle,  and  seem  to  be  attached  by  both  extremities  to  the  correspond- 
ing auriculo- ventricular  rings.  The  annular  fibres  encircle  the 
auricular  appendages  (fig.  175,  (X ^  176,  e'),  some  longitudinal  fibres 
running  ^Yithin  them.  These  annular  fibres  also  surround  the  entrances 
of  the  venre  cava  (/,  /)  on  the  right,  and  of  the  coronary  vein  and  the 
pulmonary  veins  on  the  left  side  of  the  heart  (//,  //), — the  muscular 
fibres  extending  for  some  distance  from  the  auricle  upon  the  vems, 
especially  upon  the  superior  vena  cava  and  the  pulmonary  veins. 

Fibres  of  the  ventricles. — The  muscular  fasciculi  of  the  ventricles 
have  a  very  intricate  disposition,  which  has  received  great  attention 
from  anatomists.  Many  of  the  statements,  however,  are  conflicting, 
and  it  must  be  confessed  that  the  subject  still  admits  of  further 
investio-ation. 


Fig.  176. 


Fig.     176. POSTERIOK    VIEW     OF 

THE  SAME  PREPAKATION  AS 
IS  REPRESENTED  IN  THE  PRE- 
CEDING FIGURE  (Allen  Thom- 
son). 

a,  posterior  surface  of  the 
right  ventricle  -with  its  super- 
ficial muscular  fibres  dissected  ; 
h,  the  same  of  the  left  ventricle  ; 
c,  posterior  interventricular 
groove,  from  which  the  coronary 
vessels  have  heen  removed  ;  rf, 
right  auricle  ;  e,  the  left,  show- 
ing some  transverse  fibres  common 
to  both  auricles,  and  others  be- 
longing to  each  ;  /,  superior  vena 
cava  ;  g,  <j'  pulmonary  veins  cut 
short  ;  h,  sinus  of  the  great 
coronary  vein  covered  by  muscular 
fibres  ;  h'  posterior  coronary  vein 
joining  the  principal  one  ;  i,  in- 
ferior vena  cava  ;  i!  Eustachian 
valve. 


It  is  chiefly  the  constant 
twisting  and  overlapping 
of  the  several  bundles 
which  renders  difficult  the 
investigation  of  their  course 
and  disposition.  In  order  to  unravel  them  with  any  degree  of  success,  it 
is  best  to  boil  the  slightly  distended  heart  for  a  short  time,  so  as  to 
soften  the  connective  tissue,  and  then  carefully  to  dissect  the  organ  in 
part  by  cutting  and  in  part  by  tearing  asunder  the  fibres  with  blunt 
instruments.* 

The  surface  fibres  of  the  ventricles  (figs.  175,  176,  177)  extend  from 
the  base,  where  they  are  attached  to  the  tendinous  structures  around 

*  For  convenience  of  description,  the  heart,  in  the  following  account  of  the  course  oi 
the  fibres,  is  supposed  placed  apex  do^vnwards,  and  with  the  anterior  and  posterior  sur- 
faces about  equally  occupied  by  the  two  ventricles  (as  represented  in  figs.  175,  176). 
VOL,   II.  s 
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the  orifices,  towards  the  apex  of  the  heart,  where  they  pass  with  an 
abrupt  twist  into  the  interior  of  the  left  ventricle.  Their  general 
direction  is  not  vertical  but  oblique,  especially  in  front  (fig.  177),  just 
as  if  while  &e  base  of  the  organ  remained  fixed  the  apex  had  been 
twisted  half  round  in  the  direction  of  the  hands  of  a  watch.  They 
form  a  distinct  thin  superficial  stratum,  best  marked  at  the  back  of 


Fig.  177. 


Fig.  177.— SuEFACB  Fibres  of  Ventricles  of  Human  Heaet  from  the  front  and 

BELOW  (Reid). 

i,  bundle  of  fibres  emerging  from  the  interior  of  the  left  ventricle  at  the  vortex  a, 
and  crossing  the  lower  part  of  the  septum  uninterruptedly.  At  d  the  surface  fibres  are 
somewhat  interrupted. 

the  right  ventricle,  for  here  the  direction  of  the  fibres  is  quite  difPerent 
from  those  immediately  beneath.  At  the  back  they  pass  over  the 
septum  without  turning  in  :  at  the  front  they  are  somewhat  interrupted 
by  fibres  which  come  out  from  the  septum  ;  except  towards  the  base 
and  apex,  where  they  cross  uninterruptedly  from  one  ventricle  to  the 
other  (fig.  177). 

To  trace  the  further  course  of  the  surface  fibres  it  is  necessary  to  open 
the  left  ventricle.  When  this  is  done,  and  the  endocardium  cleared 
awaV;  it  is  seen  that  there  are  here  two  sets  of  fibres  with  which  the 
superficial  fibres  become  continuous.  The  first  of  these  consists  of 
bundles  derived  mainly  from  the  left  (or  anterior)  set  of  papillary 
muscles,  which  pass  down  to  the  apex  of  the  cavity,  turning  as  they 
emerge  in  a  half  circle  around  the  fi-ont  of  the  apex  to  the  right  side 
(fig.  178,  i).  They  are  continuous  on  the  outside  chiefly  with  those 
superficial  fibres  which  cross  the  lower  part  of  the  septum  in  front, 
and  which,  spreading  out,  are  attached  above  to  the  posterior  parts 
of  the  tendinous  rings  at  the  base.  The  second  set,  on  the  other 
hand,  comes  chiefly  from  the  right  or  posterior  papillary  muscles,  and, 
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passing  behind  the  first  set  of  fibres  in  the  cavity,  turning  forwards, 
emerges  in  front  of  them  at  the  sipex,  around  which  its  fibres  twist, 
to  become  continuous  chiefly  with  those  superficial  fibres  which 
cover  the  anterior  surface  of  the  heart,  and  are  attached  above  to  the 
corresponding  parts  of  the  tendinous  rings.  But  since  the  superficial 
fibres  form  a  continuous  stratum  around  the  ventricles,  it  is  impossible 
to  adjudge  any  exact  limits  to  the  two  sets  of  fibres. 

It  is  very  much  more  diflBcult  to  trace  the  continuity  of  the  deeper 
fibres  of  the  ventricles :  those,  namely,  which  form  the  main  part  of 
their  thickness. 

When  the  .left  ventricle  is  opened,  the  fibres  forming  its  walls  are 
seen  in  the  interior  to  take  a  general  direction  downwards,  those  of  the 
anterior  wall  converging  somewhat  towards  the  apex,  those  of  the 
posterior  passing  more  diagonally  from  right  to  left.  Traced  upwards, 
they  are  observed  partly  to  be  attached  to  the  aortic  and  mitral 
tendinous  rings,  partly  to  turn  round  the  margin  of  the  auriculo- 
ventricular  orifice,  in  continuity  with  other  more  external  fibres,  which, 
again,  come  (at  least  some  of  them)  from  the  central  fibro-cartilage. 
Traced  downwards,  they  turn  round  to  form  the  chief  substance  of 
the  wall  of  the  ventricle,  passing  in  front  obliquely  upwards  again 
towards  the  septum.  Some  of  them,  however,  join  the  sets  of  fibres 
which  emerge  at  the  apex  and  become  superficial ;  and,  on  the  other 
hand,  the  deep  fibres  are  joined  by  the  deeper  parts  of  the  papillary 
muscles.  Eeaching  the  septum,  they  for  the  most  part  turn  into  it, 
and  some  of  them  pass  at  once  obliquely  upwards,  to  be  attached  to  the 
central  fibro-cartilage.  Others,  after  indenting  or  interlocking  with 
bundles,  which  turn  into  the  septum  from  the  front  of  the  right  ven- 
tricle, proceed  to  form  the  posterior  part  of  that  ventricle,  passing  to 
its  posterior  papillary  muscle  and  the  central  fibro-cartilage  or  its  prolong- 
ations ;  whilst  a  third  set,  reinforced  by  the  entering  fibres  from  the 
right  ventricle,  take  an  annular  course  around  the  left  ventricle.  It  is 
excessively  difficult  to  trace  the  ultimate  destination  of  these  annular 
bundles,  for  they  appear  to  encircle  the  ventricle  more  than  once,  and 
to  form  the  main  thickness  of  its  wall  :  but  it  is  probable  that  taking 
a  more  and  more  oblique  course,  they  either  are  eventually  attached  to 
some  of  the  tendinous  or  fibro-cartilaginous  structures  at  the  base,  or 
pass  up  into  one  or  other  of  the  papillary  muscles  at  the  apex. 

The  bundles  of  fibres  on  the  inside  of  the  right  ventricle  have  a 
general  direction  from  the  tricuspid  and  pulmonary  rings  to  which 
they  are  attached  above,  and  from  the  papillary  muscles,  especially 
the  anterior,  towards  the  lower  and  back  part  of  the  cavity.  Arrived 
here,  some  turn  sharply  round  to  enter  the  septum,  and  partly  to 
pass  up  in  this  to  the  central  fibro-cartilage,  whilst  others  pass  across 
the  back  of  the  septum  into  the  posterior  wall  of  the  left  ventricle, 
and  become  lost  amongst  the  fibres  there.  There  are  besides  certain  sets 
of _  fibres  which  appear  not  readily  assignable  to  any  of  those  above  des- 
cribed :  those,  for  instance,  which  encircle  the  pulmonary  orifice,  and  others 
which,  as  Sibson  has  shown,  radiate  upwards  fi'om  the  bases  of  the 
papillary  muscles,  especially  the  anterior  papillary  of  the  right  ventricle, 
to  be  attached  to  the  tendinous  structures  at  the  base  of  the  heart, 
especially  to  the  pulmonary  ring,  opposite  the  two  anterior  sinuses  of 
Valsalva.  Moreover,  a  number  of  fasciculi  encircle  both  ventricles,  ap- 
parently without  a  definite  attachment,  but,  according  to  Winckler,  they 
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may  eventually  be  traced  at  one  end  to  the  tendinous  structures  at  the 
base  of  the  heart,  and  at  the  other  to  one  of  the  papillary  muscles  of  the 
left  ventricle. 

The  peculiar  spii-al  concentration  of  the  fibres  of  the  heart  at  the  apex  is 
known  as  the  Tortcx  or  ovhorl,  and  is  produced,  as  already  described,  by  the 
twisting  or  interlocking  of  the  fibres  in  the  interior  as  they  pass  to  be  con- 
tinuous with  those  on  the  exterior.  It  has  been  thought  that  a  similar  continuity 
w-as  the  rule  at  the  base  of  the  heart  also,  and  that  few  if  any  of  the  bundles 
are  attached  to  the  tendinous  rings.  But  although  it  is  true  that  some  bundles 
may  tui'n  round  at  the  auriculo-ventricular  openings,  this  is  by  no  means  general, 
and  most  of  the  muscular  fasciculi  must  be  described  as  being  attached  to  the 
fibrous  and  fibro-cartilaginous  stiTictui-es  at  the  base,  either  directly  or  through 
the  medium  of  the  chordaj  tendinese  and  segments  of  the  valves. 


Fifr.  178. 


Fig.  178. — View  op  the  Fibres  op 
THE  Sheep's  Heart,  dissected  at 
THE  Apex  to  show  the  ' '  vortex  " 
(Pettigrew). 

a,  a,  fibres  entering  the  apex 
posteriorly  at  h  ;  c,  c,  fibres  entering 
the  apex  anteriorly  at  d. 


In  the  middle  of  the  thickness  of 
the  ventricular  wall  the  fibres  are, 
as  before  said,  annular  and  trans- 
verse (fig.  179,  4,  i') ;  but,  as 
Ludwig  showed,  they  pass  by  the 
most  gradual  transition  into  the 
diagonal  ones  nearer  the  surfaces,  so  that  any  separation  into  layers  which 
may  be  effected  (with  the  exception  of  the  superficial  stratum  previously 
described)  must  be  looked  upon  as  in  a  great  degi'ee  artificial.  Even  by  those 
anatomists  who  contend  for  the  existence  of  definite  strata  then.'  number  has 
been  very  difl^erently  stated.  Wolfl:  *  conceived  that  five  layers  might  be  made 
out.  Pettigi'ew  f  has  described  as  many  as  seven  in  the  wall  of  each  ven- 
tricle, of  which  the  fourth  occupies  the  middle  of  the  thickness  of  the  ven- 
tricular wall  ;  the  third  is  continuous  above  and  below  with  the  fifth  ;  the  second 
with  the  sixth  ;  and  the  first,  or  most  external,  with  the  seventh,  or  most  internal ; . 
the  outer  layers  turning  in  at  the  whorl  and  at  the  margins  of  the  auriculo-ventri- 
cular openings  respectively,  but  without  being  attached  to  the  tendinous  struc- 
tures at  all. 

It  wiU  be  observed  that  Pettigrew's  description  differs  materially  from  that 
given  in  the  text,  which,  although  agreeing  in  many  points  with  the  observations 
of  Ludwig,  Winckler,  and  Sibson,J  is  mainly  founded  on  an  entnely  fresh  inves- 
tigation of  the  subject,  undertaken  with  the  co-operation  of  llr.  F.  J.  Da\des,  of 
"University  College. 

Interstitial  structures. — The  interstices  between  the  closely  reti- 
culating muscular  fibres  are  filled  by  connective  tissue,  with  numerous 
blood-vessels,  lymphatics,  and  nerves.  The  muscular  substance  is 
supplied  with  blood  by  the  coronary  arteries,  the  origin  and  course  of 
which,  as  well  as  of  the  coronary  vein,  are  elsewhere  described.  The 
smaller  branches  penetrate  into  every  part  of  the  muscular  substance. 

The  lymphatics  (which  are  found  in  great  number  beneath  both  the 
j)ericardium  and  endocardium),  are  also,  according  to  Schweigger-Seidel, 

*  C.  F.  Wolff,  De  ordine  Fibrarum  Muscularium  Cordis  ;  Act.  Acad.  Petropol.  1780 
—•1792. 

t  Phil.  Ti-ans.  1864. 

t  Ludwig,  ill  Zeitschrift  fur  rationelle  Medizin,  1849  ;  and  ]\Iiiller's  Archiv.  Winckler, 
in  Archiv  fiir  Anatomic  und  Physiologic,  1865.     Sibson,  Medical  Anatomy,  1869. 
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estensiyely  distributed  throughout  the  muscular  substance,  occurring  in 
the  form  of  freely  communicating  fissure-like  spaces,  lying  between  the 
muscular  bundles,  and  lined  by' epithelioid  cells  ;  the  mode  of  origin 
being  thus  to  a  certain  extent  lacunar. 

The  nerves  given  off  by  the  cardiac  plexuses  appear  rather  small  in 
comparison  with  the  bulk  of  the  heart ;  they  are  derived  partly  from  the 
cerebro-spinal  and  partly  from  the  sympathetic  system  (more  especially 
from  the  pneumogastric  nerve,  and  from  the  cervical  and  superior  thoracic 
ganglia  of  the  sympathetic  nerve).  Besides  the  larger  ganglia  in  the 
cardiac  plexuses  at  the  base  of  the  heart,  the  nerves  present  minute 
ganglia  at  different  points  along  their  course   in   its  substance,  first 


Fig.  179. — View  op  a  Partial  Dissec-  Fig-  179. 

TION  OF  THE  FiBRES    OP    THE  ANTERIOR 
WALL  OP  THE  VENTRICLES  IN  A  ShEEp's 

Heart,  designed  to  show  the  differ- 
ent   DEGREES     OF    OBLIQUITY    OP    THE 

FIBRES  (Allen  Thomson). 

At  the  base  and  apex  the  superficial 
layer  of  fibres  is  displayed  :  in  the  interven- 
ing space,  more  and  more  of  the  fibres  have 
been  removed  from  above  downwards, 
reaching  to  a  greater  depth  on  the  left 
than  on  the  right  side.  a^,  a^,  the 
superficial  layer  of  the  right  ven- 
tricle ;  b^,  b^,  the  same  of  the  left 
ventricle  ;  at  2  this  superficial  layer 
has  been  removed  so  as  to  expose  the 
fibres  underneath,  which  are  seen  to  have 
the  same  direction  as  the  superficial  ones 
over  the  left  ventricle,  but  difi"erent  over 
the  right ;  at  3  some  of  these  have  been 
removed,  but  the  direction  is  only 
slightly  different ;  4,  transverse  or 
annular  fibres  occupying  the  middle  of  the 
thickness  of  the  ventricular  walls  ;  6,  7, 
internal  fibres  passing  downwards  towards 
the  apex  to  emerge  at  the  whorl ;  between 
c,  c,  the  anterior  coronary  or  interventri- 
cular groove,  over  which  the  fibres  of  the 

superficial  layer  are  seen  crossing  ;  in  the  remaining  part  of  the  gi'oove,  some  of  the 
deeper  fibres  turn  backwards  towards  the  septum  ;  d,  the  pulmonary  artery  ;  e,  the 
aorta. 


figured  and  described  by  Remak.*  The  larger  nerves  course  obliquely 
downwards  on  the  surface  of  the  ventricles  beneath  the  pericardium, 
crossing  the  direction  of  the  superficial  fibres,  and  giving  off  at  intervals 
branches  into  the  muscular  substance. 

Endocardium. — The  cavities  of  the  heart  are  lined  by  a  thin  mem- 
brane continuous  with  the  inner  coat  of  the  bloodvessels,  with  which  in 
general  structure  it  for  the  most  part  agrees.  A  layer  of  flattened 
epithelioid  cells  covers  and  lines  the  inner  surface,  and  beneath  this 
the  endocardium  consists  of  connective  tissue  with  a  close  network  of 
elastic  fibres  often  passing  into  fenestrated  membrane.  Muscular 
fibres  are  present  in  some  parts.  These  are  for  the  most  part  similar 
to  those  which  compose  the  chief  muscular  substance  of  the  heart. 


*  Froriep's  Kotizen,   1838,  p.  137  ;   and  Miiller's  Archiv,  1844,  p.  463,  taf.  xii. 
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In  some  animals  others  are  fomid  which  are  only  striated  at  their  peri- 
phery, and  present  a  beaded  appearance,  the  component  cells  being  much 
larger  and  more  distinct ;  these,  which  are  known  as  Purkinje's  fibres, 
appear  to  represent  a  condition  of  arrested  development  of  the  ordinary 
cardiac  fibres.  Plain  muscular  fibre-cells  have  also  been  described  in 
some  situations  ;  and,  in  some  animals,  collections  of  adipose  tissue  are 
met  with  beneath  the  endocardium.  The  membrane  is  usually  more 
opaque  on  the  right  side  than  on  the  left ;  and  thicker  in  the  auricles 
(the  left  especially)  than  in  the  ventricles  ;  it  is,  however,  very  thin  on 
the  musculi  pectinati  of  the  auricles  and  on  the  columnse  earner  of  the 
ventricles. 

DIMENSIONS    AND     WEIGHT    OF    THE    HEAET. 

Size. — It  was  stated  by  Laennec,  as  the  result  of  his  experience,  that 
the  heart  in  its  natural  condition  was  about  equal  in  size  to  the  closed 
hand  of  the  individual.  It  is  about  five  inches  long,  three  and  a  half 
in  its  greatest  width,  and  two  and  a  half  in  its  extreme  thickness  from 
the  anterior  to  the  posterior  surface  ;  but  linear  measurements  of  a 
flaccid  organ  like  the  heart  must  be  subject  to  so  many  accidental 
variations  as  to  render  them  of  little  value. 

Weight. — The  weight  of  the  heart  in  the  adult  is  also  subject 
to  considerable  variation,  ranging  between  rather  wide  limits,  which 
depend  on  the  general  weight  of  the  body  and  on  the  sex. 

Its  mean  weight  is  about  9  or  10  oz.  According  to  Eeid's  tables, 
the  average  weight  in  the  adult  male  is  as  high  as  11  oz.,  and  in 
the  female  9  oz. ;  while  according  to  Peacock  the  average  of  the  male 
is  9f  oz.,  and  that  of  the  female  9  oz. 

The  weight  of  the  heart  maintains  some  general  proportion  to  that  of  the  body. 
According  to  Tiedemann  this  is  about  1  to  160  ;  by  Clendinning  it  was  found  to 
be  1  to  158  in  males,  and  1  to  149  in  females  ;  and  by  Eeid  to  be  1  to  169  in  a 
series  of  thkty-seven  males  and  1  to  176  in  twelve  females  ;  but  in  the  healthy 
males  dying  suddenly  the  ratio  was  as  1  to  173. 

It  was  shown  by  Clendinning  that  the  heart  continued  to  increase  in  weight 
up  to  an  advanced  period  of  life,  but  at  a  comparatively  slower  rate  subsequently 
to  the  age  of  twenty -nine  years.  Subjoined  is  a  tabular  statement  of  some  of  the 
average  results  derived  from  the  observations  of  these  authors. 


CLENDINNING. 

EEID. 

PEACOCE. 

Weight  iu  oz. 

Weight  in  oz 

and  drachms 

Lge  in  years.      Males.  Females. 

Age  in  years. 

Males.        Females. 

Males.        Females 

15  to  29  . .     81  . .  81 

16  to  20  . 

8  10  ..  6  13 

8     2f  . .  8     If 

30  —  50  . .     9|  . .  8* 

20  —  30  . 

.10     4  ..  8     0 

9     Oi  . .  8    101 

50  —  60  ..  101  ..  8 

30  —  40  . 

.10     8  ..  9     3 

9    7    .  .  8  13| 

60  —  -f  . .  10*  . .  8 

40  — .50  . 

.11     7  ..  9     8 

8  11    ..9     3 

.50  —  60  . 

.  11  10  ..  9  14 

9  12     . .  9     7l 

60  —  70  . 

.12     6  . .  9     5 

10  13i  ..70 

70--^. 

.12     6  .  .   9     6 

Entirely  in  accordance  with  these  observations  upon  the  increase  of  the  heart's 
weight  according  to  age,  it  has  been  found  by  Bizot  that  this  organ  continues  to 
enlarge  in  all  its  dimensions  as  life  advances,  viz.,  in  the  length,  breadth,  and 
thickness  of  its  walls.  The  greatest  increase  was  detected  in  the  substance  of  the 
left  ventricle,  and  the  ventricu.lar  septum.* 

*  Eeid,  in  the  Lond.  and  Edin.  Monthly  Journal  of  Med.  Science,  April  1843  ;  T.  B. 
Peacock,  in  the  same  jonrnal,  in  1846,  and  reprinted  separately,  with  additional  observa- 
tions, in  1854  ;  Clendinning,  in  the  Medic.  Chir.  Transact.,  1838  ;  Bizot,  Mem.  de  la 
Soc.  Medic.  d'Observation  de  Paris,  torn.  i.  p.  262.     1836. 
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Capacity  of  the  auricles  and  ventricles. — To  detennine  with  precision  the 
absolute  and  relative  capacities  of  the  four  cavities  of  the  heart,  as  they  exist 
during  life,  is  impossible  ;  and  their  capacity  is  so  much  influenced  by  their 
different  states  of  distension,  and  also  by  the  different  degrees  of  contraction  of 
their  muscular  walls  at  the  moment  of  death,  that  no  constant  numerical  relation 
in  this  respect  can  be  looked  for  between  them.  Hence  the  most  opposite  state- 
ments prevail,  especially  with  regard  to  the  size  of  the  ventricular  cavities. 

The  auricles  are  generally  stated  to  be  rather  less  capacious  than  the  ven- 
tricles. The  right  auricle  is  also  said  to  be  larger  than  the  left,  in  the  proportion 
of  5  to  4.     (Cruveilliier.) 

The  right  ventricle  is  asserted  by  some  to  be  larger  than  the  left ;  by  others 
(Lower,  Sabatier,  Andral)  the  two  are  stated  to  have  an  equal  capacity  ;  Cruveil- 
hier,  judging  from  the  effect  of  injections,  has  found  the  left  to  be  the  larger  of 
the  two.  In  the  ordinary  modes  of  death,  the  light  ventricle  is  always  found 
more  capacious  than  the  left,  which  is  probably  owing  to  its  being  distended  wdth 
blood,  in  consequence  of  the  cessation  of  the  circulation  through  the  lungs  :  the 
left  ventricle,  on  the  other  hand,  is  found  nearly  empty,  and  thus  becomes  more 
fully  contracted.  There  are  reasons  for  believing,  however,  that  during  life 
scarcely  any  difference  of  capacity  exists  between  the  cavities. 

Size  of  the  ventricular  openings. — The  right  auriculo-ventricular  opening, 
and  the  orifice  of  the  pulmonary  artery,  are  both  found  to  be  somewhat  larger  after 
death  than  the  con-esponding  openings  on  the  left  side  of  the  heart.  Their  cir- 
cumference is  thus  stated  by  BouiUaud.  (Ti-aite  des  Malad.  du  Cojur,  torn.  i.  p. 
52.    Paris,  1835.) 

Inches  and  Lines. 
Max.  Med.  Min. 

Auriculo-ventricular  orifices  \  ?^f?* t  .?.        1^2        I    o 

(  Lieit 6  10  o     o  6     o 

Arterial  orifices  .     .     .     .      \f't'rA^'^:^T'"^"^^Vl        ?    «        11 
I  Left  (Aortic) 28         2     8         24 

According  to  observations  by  Peacock,  the  average  dimensions  are  somewhat 
higher  : — 

Males.        Females. 

Auiiculo-ventricular  orifices  {  ?^f?* t    2         t.^ 

(  Left 3     7         3  10 

Arteiial  orifices \  ^^f  ^*,  (Pulmonary)   3     4         3     3 

I  Left  (Aortic)  3    0         2  10 


OEGAIS-S    OF   EESPIRATIOK". 

Besides  the  heart,  the  thorax  contains  the  principal  organs  of  respira- 
tion, yiz.,  the  kmgs  and  a  part  of  the  trachea.  The  larynx,  which  is 
affixed  to  the  npper  end  of  the  windpipe,  and  is  not  only  the  entrance 
for  air  into  the  respiratory  organs  from  the  pharynx,  but  also  the  organ 
of  voice,  will  be  described  after  the  lungs. 

THE     TRACHEA    AK"D     BRONCHI. 

The  trachea  or  windpipe  (fig.  180,  tr.),  the  common  air-passage  of 
both  lungs,  is  an  open  tube  which  commences  above  at  the  larynx,  and 
divides  below  into  two  smaller  tubes,  right  and  left  bronchi,  one  for 
each  lung. 

The  trachea  is  placed  in  the  median  plane  of  the  body,  and  extends 
from  the  lower  border  of  the  cricoid  cartilage  of  the  larynx  (c),  on  a 
level  with  the  5th  cervical  vertebra  in  the  neck  (6th,  Braune)  to  a  place 
opposite  the  3rd  dorsal  vertebra  in  the  thorax,  where  it  is  crossed  in 
front  by  the  arch  of  the  aorta,  and  at  or  immediately  below  that  point 
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Fiff.  180. 


bifurcates  into  the  two  bronchi.  It  usually  measures  from  four  inches 
to  four  inches  and  a  half  in  length,  and  from  three-quarters  of  an 
inch  to  one  inch  in  width ;  but  its  length  and  width  are  liable  to  con- 
tinual variation,  according  to  the 
position  of  the  larjmx  and  the 
direction  of  the  neck ;  moreover, 
it  usually  widens  a  little  at  its 
lower  end,  and  its  average  diameter 
is  greater  in  the  male  than  in  the 
female.  In  front  and  at  the  sides 
the  trachea  is  rendered  cylindrical, 
firm,  and  resistant,  by  a  series  of 
cartilaginous  rings ;  these,  how- 
ever, are  deficient  behind,  so  that 
the  posterior  portion  is  flattened 
and  entirely  membranous  (fig, 
181). 

The  windpipe  is  nearly  every- 
where invested  by  a  loose  areolar 
tissue,  abounding  in  elastic  fibres, 
and  is  very  moveable  on  surround- 
ing parts.  Both  in  the  neck  and 
thorax,  it  rests  behind  against  the 
gullet,  which  intervenes  between  it 
and  the  vertebral  column,  but 
towards  its  lower  part  projects 
somewhat  to  the  left  side.  The 
recurrent  laryngeal  nerves  ascend 
to  the  larynx  on  each  side  in  the 
angle  between  these  two  tubes. 

In  the  neck  the  trachea  is  situa- 
ted between  the  common  carotid 
arteries ;  at  its  upper  end  it  is  em- 
braced by  the  lateral  lobes  of  the 
thyroid  iDody,  the  middle  part  or 
isthmus  of  which  lies  across  it  just 
below  the  larynx.  It  is  covered 
in  fi'ont  by  the  sterno-thyi'oid  and 
sterno-hyoid  muscles,  between 
which,  however,  there  is  left  an 
elongated  lozenge-shaped  interval 
in  the  middle  line  :  this  interval 
is  covered  in  by  a  strong  process 
of  the  deep  cervical  fascia,  while, 
more  superficially,  another  layer 
not  so  strong  crosses  between  the 
sterno-mastoid  muscles.  The  in- 
ferior thyroid  veins  and  the 
arteria  iliyroiclea  ima,  when  that 
vessel  exists,  also  lie  upon  its 
anterior  surface  ;  whilst  at  the  root  of  the  neck,  in  the  episternal  notch, 
the  innominate  artery  and  the  left  carotid  pass  obliquely  over  it  as 
they  ascend  to  gain  its  sides. 


Fig.  180. — Outline  SHOwiNa  the  Gene- 
ral FoRJi  OF  the  Larynx,  Trachea, 
AND  Bronchi,  as  seen  from  before 
(Allen  Thomson).  One-half  the  Natu- 
ral Size. 

Ti,  the  great  cornu  of  the  hyoid  bone  ;  e, 
epiglottis  ;  t,  superior,  and  t',  inferior  cornu 
of  the  thyroid  cartilage  ;  c,  middle  of  the 
cricoid  cartilage  ;  t  r,  the  trachea,  show-ing 
sixteen  cartilaginous  rings  ;  b,  the  right, 
and  b',  the  left  bronchus. 
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In  the  thorax,  the  trachea  is  covered,  above,  by  the  first  piece  of  the 
sternum,  together  with  the  sterno-thyroid  and  sterno-byoid  muscles  ; 
lower  down,  by  the  left  innomi- 
nate vein,  then  by  the  com- 
mencement of  the  innominate 
artery  and  left  carotid,  which 
pass  round  to  its  sides  ;  next  by 
the  arch  of  the  aorta  and  the 
deep  cardiac  plexus  of  nerves, 
and,  quite  at  its  bifurcation,  by 
the  extremity  of  the  pulmonary 
artery,  where  this  divides  into  its 
right  and  left  branches.  Placed 
between  the  two  pleurfe,  the 
trachea  is  contained  in  the  pos- 
terior mediastinum,  and  has  on 
its  right  side  the  pleura  and 
pneumo-gastric  nerve,  and  on 
the  left,  the  left  carotid  artery, 
the  pneumo-gastric  and  its  re- 
current branch,  together  Avith 
some  cardiac  nerves. 

The  right  and  left  bronchi 
(fig.  180,  1),  h')  proceed  each  to 
the  root  of  its  corresponding 
lung.  They  differ  from  each 
other  in  length,  width,  direc- 
tion, and  relation  to  surround- 
ing parts.  The  right  bron- 
chus (&),  wider  but  shorter 
than  the  left,  measuring  about 
an  inch  in  length,  passes  out- 
wards almost  horizontally  into 
the  root  of  the  right  lung  on 
a  level  with  the  fourth  dorsal 
embraced  above 
azygos,    which 


vertebra:  it  is 
by    the    vena 

hooks  forwards  over  it,  to  end 
in  the  vena  cava  superior;  the 
right  pulmonary  artery  lies  at 
first  below  it  and  then  in  front 
of  it.  On  looking  down  the 
windpipe  towards  the  bifurca- 
tion, the  right  bronchus  appears 
to  be  a  more  direct  continua- 
tion of  the  trachea  than  the  left. 
The  left  bronchus  {h'),  smaller 
in  diameter,  but  longer  than  the 
right,  being  nearly  two  inches  in 
length,  inclines  downwards  and 

outwards  beneath  the  arch  of  the  aorta  to  reach  the  root  of  the  left 
lung,  which  it  enters  on  a  level  with  the  fifth  dorsal  vertebra,  that  is, 
about  an  inch  lower  than  the  right  bronchus.    The  left  bronchus  crosses 


Fig.  181. — Outline  showing  the  General 
Form  of  the  Larynx,  Trachea,  and 
Bronchi  as  seen  from  behind  (Alleu 
Thomson). 

h,  great  cornu  of  the  hyoid  bone  ;  t,  superior, 
and  t' ,  inferior  cornu  of  tlie  thyroid  cartilage  ; 
e,  the  epiglottis  ;  a,  points  to  the  back  of  both 
the  arytenoid  cartilages,  which  are  surmounted 
by  the  cornicula  ;  c,  the  middle  ridge  on  the 
back  of  the  cricoid  cartilage  ;  t  r,  the  posterior 
membranous  part  of  the  trachea  ;  i,  b',  right 
and  left  bronchi. 
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over  the  front  of  the  gullet  and  descending  aorta :  the  arch  of  the  aorta 
turns  backwards  and  to  the  left  over  it,  and  the  left  pulmonary  artery 
lies  first  above  it  and  then  on  its  anterior  surface.  The  remaining 
connections  of  each  bronchus,  as  it  lies  within  the  root  of  the  corre- 
sponding lung,  and  the  mode  in  which  it  there  subdivides  will  be 
afterwards  described. 

In  form  the  bronchi  exactly  resemble  the  trachea  on  a  smaller  scale  ; 
they  are  rounded  and  firm  in  front  and  at  the  sides,  where  they  are 
provided  with  imperfect  cartilaginous  rings,  and  flattened  and  mem- 
branous behind. 


STRUCTURE  OF  THE  TRACHEA  AND  BRONCHI. 

The  trachea  consists  of  the  elastic  framework  of  incomplete  carti- 
laginous rings  or  hoops,  layers  of  fibrous,  muscular,  and  elastic  tissue, 
and  the  lining  mucous  membrane,  with  glands. 

The  cartilages  are  from  sixteen  to  twenty  in  number.  Each  pre- 
sents a  curve  of  rather  more  than  two-thirds  of  a  circle,  resembling  the 
letter  C.  The  depth  from  above  downwards  is  from  1|  to  2  lines,  and 
the  ttiickness  half  a  line.  The  outer  surface  of  each  is  flat,  but  the 
inner  is  convex  from  above  downwards,  so  as  to  give  greater  thickness 
in  the  middle  than  at  the  upper  and  lower  edge.  The  cartilages  are 
held  together  by  a  strong  fibi'ous  membrane,  which  is  elastic  and 
extensible  up  to  a  certain  point,  and  not  only  occupies  the  intervals 
between  them,  but  is  prolonged  over  their  outer  and  inner  surfaces,  so 
that  they  are,  as  it  were,  imbedded  in  the  membrane.  The  layer  cover- 
ing the  outer  side  of  the  rings  is  stronger  than  that  within  them  ; 
and  from  this  circumstance,  together  with  the  roundness  of  their  inner 
surfaces,  they  may  be  felt  more  readily  on  the  interior  than  on  the 
exterior  of  the  tube. 

The  cartilages  terminate  abruptly  behind  by  rounded  ends,  but  the 
fibrous  membrane  is  continued  across  between  them,  and  completes 
the  tube  behind  ;  it  is  here  looser  in  its  texture. 

The  first  or  highest  cartilage,  which  is  connected  by  the  fibrous 
membrane  with  the  cricoid,  is  broader  than  the  rest,  and  often 
divided  at  one  end.  Sometimes  it  coalesces  to  a  greater  or  less 
extent  with  the  cricoid  or  with  the  one  below.  The  lowest  carti- 
lage, placed  at  the  bifurcation  of  the  trachea,  is  peculiar  in  shape  ; 
its  lower  border  being  prolonged  downwards,  and  at  the  same  time 
bent  backwards  so  as  to  form  a  curved  projection  between  the  two 
bronchi.  The  cartilage  next  above  this  is  slightly  widened  in  the 
middle  line.  Sometimes  the  extremities  of  two  adjacent  cartilages  are 
united,  and  not  unfrequently  a  cartilage  is  divided  at  one  end  into 
two  short  branches,  the  opposite  end  of  that  next  it  being  likewise 
bifurcated  so  as  to  maintain  the  parallelism  of  the  entire  series.  The 
use  of  these  cartilaginous  hoops  is  to  keep  the  windpipe  open,  a  con- 
dition essential  for  the  free  passage  of  air  into  the  lungs. 

Within  the  fibrous  membrane  at  the  posterior  flattened  part  of 
the  trachea,  is  a  continuous  pale  reddish  layer  of  unstriped  miis- 
culas?  fibres,  which  pass  across,  not  only  between  the  ends  of 
the  cartilages,  but  also  opposite  the  intervals  ;  they  doubtless  serve 
to  diminish  the  area  of  the  tube  by  approximating  the  ends  of 
the  cartilages.     Those  opposite  the  hoops  are   attached  to  the  ends 
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of  the  latter,  and  eucroacli  also  for  a  short  distance  upon  their  inner 
surface. 

Outside  the  transverse  fibres  are  a  few  fasciculi  having  a  lougi- 
tudiual  direction.  These  are  said  to  arise  by  minute  tendons  of  elastic 
tissue,  in  part  from  the  inner  surface  of  the  end  of  the  tracheal  rings, 
and  in  part  fr'om  the  external  fibrous  membrane. 

Situated  in  the  submucous  tissiie  immediately  beneath  the  mucous 
membrane  are  numerous  longitudinal  fibres  of  elastic  tissue.  They 
are  found  all  round  the  tube,  but  are  much  more  abundant  along  the 
posterior  membranous  part,  where  they  are  principally  collected  into 
distinct  longitudinal  bundles,  which  produce  visible  elevations  or 
flutings  of  the  mucous  membrane.  These  bundles  are  particularly 
strong  and  numerous  opposite  the  bifurcation  of  the  trachea.  The 
elastic  fibres  serve  to  restore  the  windpipe  to  its  ordinary  size  after  it 
has  been  stretched. 

A  quantity  of  adipose  tissue  is  often  found  in  the  submucous  areolar 
tissue. 

The  trachea  is  provided  with  numerous  small  mucous  glands. 
The  largest  are  situated  at  the  back  part  of  the  tube,  either  close 
upon  the  outer  surface  of  the  fibrous  layer,  or  occupying  little  recesses 
formed  between  its  meshes.  They  are  compound  glands,  and  their 
cavities  are  lined  by  a  columnar  or  cubical  epithelium  :  their  excretory 
ducts  pass  through  the  muscular  layer  and  the  mucous  membrane,  on 
the  surface  of  which  multitudes  of  minute  orifices  are  perceptible. 
Similar  but  smaller  glands  are  found  between  the  cartilaginous  rings, 
upon  and  within  the  fibrous  membrane,  and  still  smaller  ones  close 
beneath  the  mucous  membrane. 

The  mucous  membrane  is  smooth  and  of  a  pale  pinkish  white 
colour  in  health,  although  when  congested  or  inflamed,  it  becomes  in- 
tensely pm'ple  or  crimson.  It  contains  a  considerable  amount  of 
lymphoid  tissue,  the  reticulum  of  which  is  condensed  immediately 
underneath  the  epithelium  into  a  well-marked  basement  membrane,  com- 
posed of  flattened  cells  which  send  processes  up  amongst  the  epithelium 
cells.  In  the  deeper  parts  of  the  mucous  membrane  a  large  number  of 
fine  elastic  fibres  are  found.  The  epithelium  consists  of  more  than  one 
layer  of  cells.  The  most  superficial  (fig.  24,  p.  47),  are  columnar  and  cili- 
ated, and  send  processes,  which  are  often  branched,  downwards  into  the 
subjacent  tissue,  to  join,  it  is  said,  with  processes  from  connective  tissue 
corpuscles.  The  cilia  serve  to  drive  the  mucous  secretion  upwards  towards 
the  larynx.  Between  the  smaller  or  attached  ends  of  these  ciliated 
cells,  are  found  elongated,  often  spindle-shaped  cells,  which  commonly 
are  prolonged  at  one  end  towards  the  surface,  whilst  the  other  end, 
which  is  not  unfrequently  forked,  reaches  to  the  subjacent  membrane. 
One  or  more  layers  of  smaller,  more  irregularly-shaped  cells  occupy  the 
deeper  part  of  the  epithelium  :  amongst  the  epithelial  cells  a  few 
leucocytes  are  also  found.  The  cells  generally  contain  mucus,  and 
hence  are  readily  converted  into  goblets  (see  p.  2]  1). 

Vessels  and  Sferves. — The  arteries  of  the  trachea  are  jDrincipally 
derived  from  the  inferior  thyroid.  The  larger  branches  run  for  some 
distance  longitudinally,  and  then  form  a  superficial  plexus  with  rounded, 
meshes.  The  veins  enter  the  adjacent  plexuses  of  the  thyroid  veins. 
A  rich  plexus  of  lijmjjlmtics  may  readily  be  injected  in  the  mucous 
membrane  and  submucous  tissue,  but  the  lymphoid  follicles,  so  commoa 
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in  the  alimentary  mncous  membrane,  would  appear  to  be  absent  here, 
at  least  in  the  normal  condition.  The  n&rves  come  from  the  trunk  and 
recurrent  branches  of  the  pneumo-gastric,  and  ffom  the  sjanpathetic 
system.     Their  mode  of  termination  has  not  yet  been  satisfactorily  traced. 

The  general  structure  of  the  bronchi  corresponds  with  that  of  the 
trachea  in  every  particular.  Their  cartilaginous  rings,  which  resemble 
those  of  the  trachea  in  being  imperfect  behind,  are,  however,  shorter 
and  narrower.  The  number  of  rings  in  the  right  bronchus  varies  from 
six  to  eight,  whilst  in  the  left  the  number  is  from  nine  to  twelve. 

The  bronchi  are  supplied  by  the  bronchial  arteries  and  veins,  and  the 
nerves  are  from  the  same  source  as  those  of  the  trachea. 


THE   LUNGS   AND   PLEURA. 

The  lungs,  placed  one  on  the  right  and  the  other  on  the  left  of  the 
heart  and  large  vessels,  occupy  by  far  the  larger  part  of  the  cavity  of 
the  chest,  and  during  life  are  always  in  accurate  contact  with  the  in- 
ternal surface  of  its  wall.  Each  lung  is  attached  at  a  comparatively 
small  part  of  its  flattened  inner  or  median  surface  by  a  part  named  the 
root,  and  by  a  thin  membranous  fold  which  is  continued  downwards 
from  it.  In  other  directions  the  lung  is  free  and  its  surface  is  closely 
covered  by  a  serous  membrane,  belonging  to  itself  and  to  the  corre- 
sponding side  of  the  thorax,  and  named  accordingly,  the  right  or  left 
'gUura. 

THE    PIiEURiE. 

The  pleurae  are  serous  membranes  forming  two  shut  sacs,  quite  dis- 
tinct from  each  other,  which  line  the  right  and  left  sides  of  the  thoracic 
cavity,  form  by  their  approximation  in  the  middle  line  the  mediastinal 
partition,  and  are  reflected  each  upon  the  root  and  over  the  entire  free 
surface  of  the  corresponding  lung  (see  fig.  163). 

Each  pleura  consists  of  a  visceral  and  a  parietal  portion.  The  visceral 
IMYtion , 2}leura  jmlmonalis,  corers  the  lung;  and  the  parietal  portion 
lines  the  ribs  and  intercostal  spaces,  pleura  costaUs,  covers  the  upper 
convex  surface  of  the  diaphragm,  enters  into  the  formation  of  the 
mediastinum,  and  adheres  to  the  sides  of  the  pericardium. 

The  mediastinum,  or  partition  between  the  two  pleural  cavities,  is 
formed  by  the  reflection  of  each  pleura  from  the  anterior  wall  of  the 
chest  backwards  on  the  pericardium  to  the  root  of  the  lung,  and  from 
the  back  of  the  root  of  the  lung  to  the  vertebral  column.  Its  division 
into  anterior,  middle,  and  posterior  mediastina,  and  the  position  and 
contents  of  each,  have  been  already  described  (p.  239). 

At  the  root  of  each  lung  the  visceral  and  parietal  portions  of  the 
corresponding  pleura  are  continuous  with  one  another  ;  and,  at  the 
lower  border  of  the  root,  is  a  triangular  fold  of  the  serous  membrane, 
extending  vertically  along  the  inner  surface  of  the  lung  down  to  the 
diaphragm,  to  which  it  is  attached  by  its  extremity ;  this  fold  is 
named  ligamentum  latum  pulmonis. 

The  upper  part  of  the  pleura,  together  with  the  apex  of  the  cor- 
responding lung,  rises  into  the  root  of  the  neck,  reaching  an  inch  or 
even  an  inch  and  a  half  above  the  first  rib,  and  passes  up  under  cover 
of  the  scaleni  muscles, — a  small  slip  of  which,  arising  from  the  trans- 
verse process  of  the  last  cervical  vertebra,  is  described  by  Sibson  as 
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expanding  into  a  dome-like  aponeurosis  or  fascia,  which  covers  or 
strengtliens  the  pleural  cul-de-sac,  and  is  attached  to  the  whole  of  the 
inner  edge  of  the  first  rib.  The  right  pleura  is  generally  stated  to 
reach  higher  in  the  neck  than  the  left  ;  but,  in  twenty  observations 
recorded  by  Hutchinson,  tho  right  lung  was  higher  in  ten  cases,  and 
the  left  in  eight,  whilst  in  two  the  heig-ht  was  equal  on  the  two  sides. 
Anteriorly  the  pleural  sacs  of  opposite  sides  come  nearly  or  altogether 
into  contact  behind  the  second  piece  of  the  sternum,  and  continue  so 
for  some  distance  ;  but  opposite  the  lower  end  of  the  sternum  the  right 
pleura  passes  beyond  the  middle  line  or  remains  close  to  it,  while  the 
left  recedes  to  a  variable  distance.  Inferiorly  the  pleura  do  not  pass 
quite  down  to  the  attachments  of  the  diaphragm,  but  leave  a  portion  of 
its  circumference  in  contact  with  the  costal  parietes.  Owing  to  the 
height  of  the  diaphragm  on  the  right  side  (corresponding  with  the 
greater  convexity  of  the  liver),  the  right  pleural  sac  is  shorter  than  the 
left ;  it  is  at  the  same  time  wider.  In  the  axillary  line,  the  right 
plem'a  extends  down  to  the  lower  edge  of  the  ninth  rib,  while  the 
left  pleura  reaches  to  the  lower  edge  of  the  tenth  (Luschka). 

Structure. — The  pleura  possesses  the  usual  characters  of  serous 
membranes.  The  costal  part  is  the  thickest,  and  may  be  easily  raised 
from  the  ribs  and  intercostal  spaces.  It  is  strengthened  here  by 
a  layer  of  subserous  areolar  tissue  of  considerable  thickness.  On 
the  pericardium  and  diaphragm  the  pleura  is  thinner  and  more 
firmly  adherent ;  but  it  is  thinnest  and  least  easily  detached  upon 
the  surface  of  the  lungs.  A  difference  is  also  noticeable  in  the 
character  of  the  superficial  epithelioid  layer,  for  while  on  the  pleura 
costalis  this  consists  of  the  ordinary  flattened  cells,  on  the  pleura  pul- 
monalis  the  cells,  at  least  in  some  animals,  are  less  distinctly  flattened 
and  more  granular  and  polyhedral  (Klein).  Lymphatic  vessels  are 
abundant  in  and  beneath  the  pleura  as  in  other  serous  membranes,  and 
they  communicate  in  many  parts,  by  means  of  stomata,  with  the  cavity 
of  the  membrane.  In  the  pleura  costalis  they  are  only  found  over  the 
intercostal  spaces  ;  not  over  the  ribs  (Dybkowsky). 

THE     LUK-QS. 

Form. — Each  lung  is  irregularly  pyramidal  or  conical,  with  the  base 
downwards,  and  one  side  (the  inner)  much  flattened.  The  broad,  concave 
base  is  of  a  semilunar  form,  and  rests  upon  the  arch  of  the  diaphragm. 
It  is  bounded  by  a  thin  margin,  which  is  received  in  the  angle  between 
the  ribs  and  the  diaphragm,  and  reaches  much  lower  down  behind  and 
at  the  outer  side  than  in  front.  The  apiex  is  blunt,  and,  as  already 
mentioned,  reaches  into  the  root  of  the  neck,  above  the  first  rib,  where 
it  is  separated  from  the  first  portion  of  the  subclavian  artery  by  the 
pleural  membrane.  The  outer  surface,  which  moves  upon  the  thoracic 
parietes,  is  smooth,  convex,  and  of  great  extent,  corresponding  with  the 
arches  of  the  ribs  and  costal  cartilages.  The  inner  surface  is  slightly  con- 
cave, and  in  part  adapted  to  the  convex  pericardium.  The  posterior  border 
is  rounded,  and  is  received  into  the  deep  groove  formed  by  the  ribs  at 
the  side  of  the  vertebral  column  ;  measured  fi-om  above  downwards,  it  is 
the  longest  part  of  the  lung.  The  anterior  border  is  thin  and  overlaps 
the  pericardium,  forming  a  sharp  edge,  which,  opposite  the  middle  of  the 
sternum,  is  separated  during  inspiration  from  the  corresponding  margin 
of  the  opposite  lung  only  by  the  two  thin  layers  of  the  mediastinal 


270  THE  LUNGS. 

septum.  Upon  the  inner  surface,  somewhat  above  the  middle  of  the 
lung,  and  considerably  nearer  to  the  posterior  than  the  anterior  border, 
is  the  root,  where  the  bronchi  and  great  vessels  join  the  lung. 

Each  lung  is  divided  into  two  lobes  by  a  long  and  &&q^  fissure,  which 
commences  upon  the  posterior  border,  about  three  inches  from  the  apex, 
and  extends  obliquely  downwards  and  forwards  to  the  anterior  edge,  pene- 
trating from  the  outer  surface  to  within  a  short  distance  of  the  root. 
The  upper  lohe  is  the  smaller,  and  is  conical,  with  an  oblique  base,  whilst 
the  lower  is  quadrilateral.  In  the  right  lung  a  second  and  shorter 
fissure  runs  forwards  and  upwards  from  the  principal  fissure  to  the 
anterior  edge,  and  marks  off"  a  small  portion,  or  middle  lole,  from  the 
lower  part  of  the  upper  lobe.  The  left  lung  has  no  such  middle  lobe,  but 
presents  a  deep  notch  in  its  anterior  border,  into  which  the  apex  of  the 
heart  (enclosed  in  the  pericardium)  is  received.  Besides  these  differ- 
ences the  right  lung  is  shorter  than  the  left,  owing  to  the  diaphragm 
rising  higher  on  the  right  side  to  accommodate  the  liver,  whilst  the  left 
lung  is  the  narrower,  owing  to  the  heart  and  pericardium  encroaching 
on  the  left  half  of  the  thorax.  On  the  whole,  however,  as  is  seen  on  a 
comparison  of  their  w^eights,  the  right  is  the  larger  of  the  two  lungs. 

At  the  summits  and  posterior  borders  the  extent  of  the  lungs  cor- 
responds with  that  of  the  pleural  sacs  which  contain  them,  but  in  front 
and  below  the  relation  is  variable,  inasmuch  as  the  anterior  margins 
pass  forwards  most  completely  between  the  mediastinal  and  costal 
pleura  during  inspiration,  and  retire  to  a  variable  degree  from  between 
them  in  expiration  ;  and  in  like  manner  the  inferior  margins  descend, 
during  inspiration,  between  the  costal  and  diaphragmatic  pleurse  ; 
probably  at  no  time  do  they  ever  descend  completely  to  the  line  of 
reflection  between  those  membranes. 

Weight,  Bimensions,  and  Capacity. — The  lungs  vary  much  in 
size  and  w^eight  according  to  the  quantity  of  blood,  mucous,  or  serous 
fluid  they  may  happen  to  contain,  which  is  greatly  influenced  by  the 
circumstances  immediately  preceding  death,  as  well  as  by  other  causes. 
The  weight  of  both  lungs  together,  as  generally  stated,  ranges  from 
30  to  48  ounces,  the  more  prevalent  weights  being  found  between  36 
and  42  ounces.  The  proportion  borne  by  the  right  lung  to  the  left 
is  nearly  that  of  22  ounces  to  20,  taking  the  combined  weight  of  the 
two  at  42  ounces.  The  lungs  are  not  only  absolutely  heavier  in  the 
male  than  in  the  female,  but  appear  to  be  heavier  in  proportion  to 
the  weight  of  the  body.  The  general  ratio  between  the  weight  of  the 
lungs  and  body,  in  the  adult,  fluctuates,  according  to  the  estimate  of 
Krause,  between  one  to  thirty-five  and  one  to  fifty. 

The  following  tables,  deduced  from  Reid's  and  Hutchinson's  observations,  show 
the  average  weight  of  the  right  and  left  lungs,  and  of  both  lungs  together,  and 
also  the  relative  weight  of  the  lungs  to  the  body  in  a  certain  number  of  adults 
of  both  sexes. 

AVEEAaE    WEIGHT    IN    TWENTY-NINE    MALES    AND    TW^ENTY-ONE 
FEMALES. — (KEID.) 

MALE.  FEMALE. 

Eight  lung  .         .         .         .    24  oz 17  oz. 

Left  lung         .         .         .     .     21  oz,         .         .         .     .    15  oz. 

45  oz.  32  oz. 
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AVERAGE  IN  TWENTY-FIVE  MALES  AND  THIRTEEN  FEMALES. — (REID  AND 

HUTCHINSON.) 

MALE.  FEMALE. 

Proportionate  "n'eigh.t  of  the  lungs  to  the  body  .        .     1  to  37  .        .     1  to  43 

The  size  and  cubical  dimensions  of  the  lungs  are  influenced  so  much  by  their 
state  of  inflation,  and  are  therefore  so  variable,  that  no  useful  application  can  be 
made  of  many  of  the  statements  given  as  to  these  measurements.  It  is  im- 
portant, however,  to  ascertain  the  quantity  of  ah-  which  they  contain  tmder 
different  conditions.  This  subject  has  been  investigated  by  many  inquii-ers, 
whose  statements  on  this  point,  however,  are  exceedingly  various.  The  volume 
of  air  contained  in  the  lungs  after  a  foi'ced  expiration,  was  found  by  Grehant  to  be 
about  .57  cubic  inches.  After  an  ordinary  expkation  it  would  seem  that  about  as 
much  more  is  retained  in  the  chest.  The  amount  of  aii-  inhaled  and  expelled  in 
ordinary  breathing  has  been  very  differently  estimated  by  different  observers  ;  it 
is  most  probably  about  30  cubic  inches.  According  to  the  extensive  researches  of 
Hutchinson,  men  of  mean  height,  between  five  and  six  feet,  after  an  extreme 
inspiration,  expel  from  the  chest,  by  a  forced  expiration,  on  an  average,  22.5  cubic 
inches  of  aii-,  at  a  temperatui-e  of  60^.  This  quantity  is  called  by  Hutchinson 
the  vital  capacitij  of  the  lungs.  It  would  be  better  termed  extreme  differeiitial 
capacity.  If  to  it  be  added  the  average  quantity  found  by  Grehant  to  be  re- 
tained in  the  lungs  after  complete  exjiiration,  the  result  will  yield  282  cubic  inches 
of  air  at  60°,  as  the  average  total  capacity  of  the  resiDiratory  organs  for  air  in  an 
adult  male  of  ordinary  height. 

The  vital  capacity  (or  difference  between  extreme  expiration  and  extreme  in- 
spiration) was  formd  by  Hutchinson  to  bear  a  uniform  relation  to  the  height  of 
the  individual,  increasing  at  the  rate  of  eight  cubic  inches  for  every  additional 
inch  of  stature  above  five  feet ;  but  this  relation  is  affected  by  the  weight  and 
age  of  the  individual,  as  well  as  by  the  postiu'e  of  the  body.  It  seems  to  depend 
rather  on  the  mobility  than  the  size  of  the  chest.  (Hutchinson,  in  Journal  of 
Statistical  Society,  August,  18ii  ;  and  in  Medico -Chirui-g.  Transactions,  vol.  xxix., 
1816  ;  also  in  the  article  "  Thorax,"  in  Cyclopedia  of  Anatomy  and  Physiology, 
and  the  article  "  Respii-ation,"  by  Reid,  in  the  same.) 

Texture  and  consistence. — The  substance  of  the  lung  is  of  a  light 
porous  spongy  texture,  and,  Avhen  healthy,  is  buoyant  in  water  :  but  in 
the  foetus,  before  respiration  has  taken  place,  and  also  in  certain  cases 
of  congestion,  collapse,  or  consolidation  from  disease,  the  entire  lungs, 
or  portions  of  them,  sink  in  that  fluid.  The  specific  gravity  of  a 
healthy  lung,  as  found  after  death,  varies  fi'om  0-345  to  0-746.  When 
the  lung  is  fully  distended  its  specific  gravity  is  0-126,  whilst  that  of  the 
pulmonary  substance,  entirely  deprived  of  air,  is  1-056  (Krause).  When 
pressed  between  the  fingers,  the  lungs  impart  a  crepitant  sensation, 
which  is  accompanied  by  a  peculiar  noise,  both  effects  being  caused  by 
the  air  contained  in  the  tissue.  On  cutting  into  the  lung,  the  same 
crepitation  is  heard,  and  there  exudes  from  the  cut  surface  a  reddish 
frothy  fluid,  which  is  partly  mucus  ft-om  the  air-tubes  and  air-cells,  and 
partly  a  serous  exudation,  tinged  with  blood,  and  rendered  frothy  by 
the  admixed  air. 

The  pulmonary  tissue  is  endowed  with  great  elasticity,  in  conse- 
quence of  which  the  lungs  collapse  to  about  one-third  of  their  bulk 
when  the  thorax  is  opened.  Owing  to  this  elasticity  also,  the  lungs,  if 
artificially  inflated  out  of  the  body,  contract  to  their  previous  volume 
when  the  air  is  again  allowed  to  escape. 

Colour. — In  infancy  the  lungs  are  of  a  pale  rose-pink  colour,  which 
might  be  compared  to  blood-froth  ;  but  as  life  advances  they  become 
darker,  and  are  mottled  or  variegated  with  spots,  patches,  and  streaks 
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of  dark  slate-colour,  whieli  sometimes  increase  to  such  a  degree  as  to 
render  the  surface  almost  uniformly  black. 

The  dark  coloimng-  matter  found  in  these  streaks  is  in  the  form  of  granules  and 
collections  of  granules,  frequently  not  inclosed  in  cells  ;  it  is  dejiosited  in  the  in- 
terstitial areolar  tissue  mostly  near  the  sui-face  of  the  lung,  and  is  not  found  so 
abundantly  in  the  deeper  substance.  It  exists  sometimes  in  the  aii'-cells,  and  on 
the  coats  of  the  larger  vessels.  Its  quantity  increases  with  age,  and  is  said  to  be 
less  abundant  in  females  than  in  males.  In  persons  who  follow  the  occupation  of 
miners,  more  especially  colliers,  the  lungs  are  often  intensely  charged  with  black 
matter.  The  black  substance  seems  mainly  to  consist  of  particles  of  carbonaceous 
substance.  It  is  found  also  in  the  bronchial  glands  ;  indeed,  it  appears  to  be 
taken  up  in  large  measure  by  the  lymphatics.  In  exceptional  cases  the  adult 
lungs  exhibit  only  very  slight  streaks  of  pigment. 

Condition  in  the  fcBtiis  and  changes  after  birth. — In  the  fcetus  the  lungs 
contain  no  aii',  and  consequently  sink  in  water. 

For  a  long  time  the  lungs  are  very  small,  and  occupy  only  a  limited  space  at 
the  back  part  of  the  chest.  In  an  embryo,  16  lines  in  length,  their  i>roportionate 
weight  to  the  body  was  found  by  Meckel  to  be  1  to  25  ;  in  another,  29  lines  long, 
it  was  1  to  27  ;  in  another  4  inches  in  length,  1  to  41  ;  and  at  the  full  period,  1 
to  70.  Huschke  found  that  the  lungs  of  still-born  male  children  were  heavier  in 
proportion  to  the  weight  of  the  body  than  those  of  female  childi'en  ;  the  ratio 
being,  amongst  females,  1  to  76,  and  in  males,  1  to  55. 

The  lungs  undergo  very  rapid  and  remarkable  changes  after  birth,  in  conse- 
quence of  the  commencement  of  respiration  :  these  affect  theii*  size,  position, 
form,  consistence,  texture,  colour,  and  weight,  and  should  be  carefully  studied, 
as  fm-nishing  the  only  means  of  distinguishing  between  a  still-bom  child  and 
one  that  has  respired. 

1.  Position,  size,  and  form. — In  a  foetus  at  the  full  period,  or  in  a  still-born 
child,  the  lungs,  comparatively  small,  lie  packed  at  the  back  of  the  thorax,  and 
do  not  entirely  cover  the  sides  of  the  pericardium  ;  subsequently  to  respiration, 
they  expand,  and  completely  cover  the  plem-al  portions  of  that  sac,  and  are  also 
in  contact  Avith  almost  the  whole  extent  of  the  thoracic  wall,  where  it  is  covered 
with  the  pleui-al  membrane.  At  the  same  time,  their  previously  thin  sharp  margins 
become  more  obtuse,  and  their  whole  fonn  is  less  compressed. 

2.  Consistence,  texture,  and  colour. — The  introduction  of  aii'  and  of  an  increased 
quantity  of  blood  into  the  foetal  lungs,  which  ensues  immediately  uj)on  birth, 
converts  their  tissue  from  a  compact,  heavy,  granular,  yellowish-pink,  gland-like 
substance,  into  a  loose,  light,  rose-pink,  spongy  structm-e,  which,  as  akeady  men- 
tioned, floats  in  water.  The  changes  thus  simultaneously  produced  in  their 
consistence,  colour,  and  texture,  occur  first  at  their  anterior  borders,  and  proceed 
backwards  through  the  lungs  :  they,  moreover,  appear  in  the  right  lung  a  little 
sooner  than  in  the  left. 

3.  M  eight. — The  ahwlute  oveir/Jd  of  the  lungs  having  gi-adually  increased  from 
the  earliest  period  of  development  to  birth,  undergoes  at  that  time,  from  the 
quantity  of  blood  then  poured  into  them,  a  very  marked  addition,  amounting  to 
more  than  one  third  of  their  previous  weight :  for  example,  the  lungs  before 
bii-th  weigh  about  one  and  a  half  ounce,  but,  after  complete  expansion  by  respi- 
ration, they  weigh  as  much  as  two  and  a  half  ounces.  The  relative  meiglit  of  the 
lungs  to  the  body,  which  at  the  termination  of  intra-uterine  life  is  about  1  to  70, 
becomes,  after  respiration,  on  an  average,  about  1  to  35  or  40  ;  a  proportion 
which  is  not  materially  altered  thi-ough  life.  The  specific  gravity  is  at  the  same 
time  changed  from  1-056  to  about  •342. 

4.  Changes  in  the  trachea  after  birth. — In  the  foetus  the  trachea  is  flattened 
before  and  behind,  its  anterior  surface  being  even  somewhat  depressed  ;  the  ends 
of  the  cartilages  touch  ;  and  the  sides  of  the  tube,  which  now  contains  only 
mucus,  are  applied  to  one  another.  The  effect  of  respiration  is  at  iii"st  to  render 
the  trachea  open,  but  it  stiU  remains  somewhat  flattened  in  front,  and  only  later 
becomes  convex. 
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ROOT     OF    THE     LUNG. 

The  root  of  each  lung  is  composed  of  the  bronchus  and  the  large 
blood-vessels,  together  with  the  nerves,  lymphatic  vessels,  and  glands, 
connected  together  by  areolar  tissue,  and  enclosed  in  a  sheath  of  the 
pleura. 

The  root  of  the  right  lung  lies  behind  the  superior  vena  cava  and 
part  of  the  right  auricle,  and  below  the  azygos  vein,  which  arches  over 
it  to  enter  the  superior  cava.  That  of  the  left  lung  passes  below  the 
arch  of  the  aorta,  and  in  front  of  the  descending  aorta.  The  phrenic 
nerve  descends  in  front  of  the  root  of  each  lung,  and  the  pnenmogastric 
nerve  behind,  whilst  the  ligamentum  latum  pulmonis  is  continued  from 
the  lower  border.  The  bronchus,  together  with  the  bronchial  arteries 
and  veins,  the  lymphatics  and  lymphatic  glands,  are  placed  on  a  plane 
posterior  to  the  great  blood-vessels ;  the  pulmonary  artery  lies  more 
forward  than  the  bronchus,  and  to  a  great  extent  conceals  it,  whilst  the 
pulmonary  veins  are  placed  still  farther  in  advance.  The  pulmonary 
plexuses  of  nerves  lie  on  the  anterior  and  posterior  aspect  of  the  root, 
Ijeneath  the  pleura,  the  posterior  being  the  larger  of  the  two. 

The  order  of  position  of  the  great  an'-tube  and  pulmonary  vessels 
from  above  downwards  differs  on  the  two  sides ;  for  whilst  on  the  right 
side  the  bronchus  is  highest  and  the  pulmonary  artery  next,  on  the  left, 
the  air-tube,  in  passing  obliquely  beneath  the  arch  of  the  aorta,  is 
depressed  below  the  level  of  the  left  pulmonary  arterj',  which  is  the 
highest  vessel.  On  both  sides  the  pulmonary  veins  are  the  lowest  of 
the  three. 

Before  entering  the  substance  of  the  lung,  the  bronchus  divides  into 
two  branches,  an  upper  and  a  lower,  one  for  each  lobe.  The  lower 
branch  is  the  larger  of  the  two,  and  on  the  right  side  gives  off  a  third 
small  branch  which  enters  the  middle  lobe  of  that  lung. 

The  pulmonary  artery  also  divides,  before  penetrating  the  lung  to 
which  it  belongs,  into  two  branches,  of  which  the  lower  is  the  larger 
and  supplies  the  inferior  lobe.  On  the  right  side  the  upper  of  these 
two  branches  gives  the  branch  to  the  middle  lobe.  A  similar  arrange- 
ment prevails  in  regard  to  the  right  pulmonary  veins,  the  upper  one 
of  which  is  formed  by  branches  proceeding  from  the  superior  and 
middle  lobes  of  the  right  lung. 

STEUCTUEE     OF     THE    LUITGS. 

Coverings. — Beneath  the  serous  covering,  already  noticed,  there  is, 
placed  a  thin  layer  of  subserous  areolar  tissue  mixed  with  a  large  number 
of  elastic  fibres.  It  is  continuous  with  the  areolar  tissue  in  the  interior 
of  the  lung,  and  has  been  described  as  a  distinct  coat  under  the  name 
of  the  second  or  deeper  layer  of  the  pleura.  In  the  lungs  of  many 
animals,  such  as  the  lion,  seal,  and  leopard,  this  subserous  layer  forms 
a  very  strong  membrane,  composed  principally  of  elastic  tissue  ;  in 
others,  for  instance  the  guinea-pig,  a  network  of  plain  muscular  fibres 
is  found  which  have  a  general  radiating  direction  from  the  apex.  A 
close  plexus  of  lymphatic  vessels  is  also  met  with  in  this  sub-pleural 
tissue  :  these  vessels  communicate  on  the  one  side  by  means  of  stomata 
with  the  pleural  cavity,  and  on  the  other,  as  will  be  afterwards  noticed, 
wnth  a  network  of  similar  vessels  in  the  interalveolar  septa  of  the  lungs 
(Klein). 
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Pulmonary  substance. — The  substance  of  the  lung  is  mainly  com- 
posed of  numerous  small  lohvles  which  are  attached  to  the  ramifications 
of  the  air-tubes,  and  are  held  together  by  those  tubes,  by  the  blood- 
vessels, and  by  interlobular  areolar  tissue.  These  lobules  are  of 
various  sizes,  the  smaller  uniting  into  larger  ones ;  they  are  bounded 
by  flattened  sides,  and  compactly  fitted  to  each  other  and  to  the  larger 
air-tubes  and  vessels  of  the  lungs,  those  on  the  surface  of  the  organ 
having  bases,  turned  outwards,  from  half  a  line  to  a  line  in  diameter. 
Though  mutually  adherent  by  means  of  fine  areolar  tissue,  they  are 
quite  distinct  one  from  the  other,  and  may  be  readily  separated  by 
dissection  in  the  lungs  of  young  animals,  and  in  those  of  the  human 
foetus.  They  may  be  regarded  as  lungs  in  miniature,  the  same  elements 
entering  into  their  composition  as  form  the  lung  itself.  The  structure 
of  a  single  lobule  represents  in  fact  that  which  is  essential  in  the  entire 
organ,  each  being  made  up  of  the  following  constituents :  the  air-tubes 
and  their  terminating  air-cells,  the  pulmonary  and  Ironchial  blood- 
vessels, with  lymphatics,  nerves,  and  interstitial  areolar  tissue. 

The  principal  divisions  of  the  bronchi,  as  they  pass  into  the  lungs, 
divide  into  tubes  of  less  calibre,  and  these  again  subdivide  in  succes- 
sion into   smaller    and  smaller   dronchial   tubes,  or   bronchia,  which, 
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Fig.  182. — PoETiON  OF  Transverse  Section  op  a  Bronchial  Tube  (j-inch  in  Diameter) 
(F.  E.  Schtiltze).     Magnified  30  Diameters. 

a,  cartilage  and  fibrous  layer  witli  mucous  glands,  and,  in  the  outer  part,  a  little  fat; 
in  the  middle,  the  duct  of  a  gland  oi^ens  on  the  inner  surface  of  the  tube  ;  h,  annular 
layer  of  involuntary  muscular  fibres  ;  c,  elastic  layer,  the  elastic  fibres  in  bundles  whicli 
are  seen  cut  across  ;  d,  columnar  ciliated  epithelium. 

diverging  in  all  directions,  never  anastomose,  but  terminate  separately 
in  the  pulmonary  lobules.  The  prevailing  form  of  division  is  dichoto- 
mous  ;  but  sometimes  three  branches  arise  together,  and  often  lateral 
branches  are  given  off  at  intervals  from  the  sides  of  a  main  trunk. 
The  larger  branches  diverge  at  rather  acute  angles,  but  the  more  remote 
and  smaller  ramifications  spring  less  and  less  acutely.  After  a  certain 
stage  of  subdivision  each  bronchial  tube  is  reduced  to  a  very  small  size, 
and,  forming  what  has  been  termed  a  lobular  bronchial  tube  (fig.  184,  f), 
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enters  a  distinct  pulmonary  lobnle,  Avithin  which  it  undergoes  still 
farther  division,  and  at  last  ends  in  the  small  recesses  named  air-cells, 
alreoli  ov  pnlmoiiarij  vesicles  (h). 

Within  the  lungs  the  air-tubes  are  not  flattened  behind  like  the 
Toronchi  and  trachea,  but  form  completely  cylindrical  tubes.  Hence, 
although  they  contain  the  same  elements  as  the  larger  air-passages, 
reduced  gradually  to  a  state  of  greater  and  greater  tenuity,  they  possess 
certain  peculiarities  of  structure.  Thus,  the  cartilages  no  longer  appear 
as  imperfect  rings  running  only  upon  the  front  and  lateral  surfaces  of 
the  air-tube,  but  are  disposed  over  all  sides  of  the  tube  in  the  form  of 
irregularly  shaped  plates  and  incomplete  rings  of  various  sizes.  These 
are  most  developed  at  the  points  of  division  of  the  bronchia,  where  they 
form  a  sharp  concave  ridge  projecting  inwards  into  the  tube.  They 
may  be  traced,  becoming  rarer  and  rarer  and  more  reduced  in  size,  as 
far  as  bronchia  only  one-half  a  line  in  diameter,  beyond  which  the 
tubes  are  entirely  membranous.  The  fibrous  coat  extends  to  the 
smallest  tubes,  becoming  thinner  by  degrees  and  degenerating  into 
areolar  tissue,  "D^iQ  mucous  meml)rane,\\\\\^  extends  throughout  the 
whole  system  of  air  passages,  is  also  thinner  than  in  the  trachea  and 
bronchus,  but  it  retains  its  ciliated  columnar  epithelium  (fig.  182,  d). 
The  longitudinal  bundles  of  elastic  fibres  (fig.  182,  c,  in  transverse 
section)  are  very  distinct  in  both  the  large  and  small  bronchia, 
and  may  be  followed  by  dissection  as  far  as  the  tube  can  be 
laid  open,  and  by  the  microscope  into  the  smallest  tubes.  The  mus- 
cular fibres,  which  in  the  trachea  and  bronchi  are  confined  to  the  back 


Fig.   183.— Portion   op   the  Fig.  183. 

Outer  Surface  of  the 
Cow's  Lung  (from  Kolliker 
after  Harting).  Magnified 
30  Diameters. 

a,  pulmonary  vesicles  filled 
artificially  with  wax  ;  S,  the 
margins  of  the  smallest  lobules. 

part  of  the  tube,  sur- 
round the  bronchial 
tubes  with  a  continuous 
layer  of  annular  fibres, 
lying  inside  the  carti- 
laginous plates  (fig. 
182,  5) ;  they  are 
found,  however,  beyond 
the  place  where  the  car- 
tilages cease  to  exist,  and  appear  as  irregular  annular  fasciculi  even 
in  the  smallest  tubes. 

The  air-cells  are  grouped  around  the  terminations  of  each  lobular 
bronchial  tube,  and,  in  the  natural  state,  are  always  filled  with  aii'. 
They  are  readily  seen  on  the  surface  and  in  a  section  of  a  lung,  which 
has  been  inflated  with  air  and  dried ;  also  upon  portions  of  foetal  or 
adult  lung  injected  with  mercury  or  wax  (fig.  183,  a,  a).  In  the  lungs 
of  some  animals,  as  of  the  lion,  cat,  and  dog,  they  are  very  large, 
and  are  distinctly  visible  on  the  surface  of  the  organ.  In  the  adult 
human  lung  their  most  common  diameter  is  about  xoo^b  of  an  inch,, 
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but  it  varies  from  xio^^  to  /oth  of  an  inch ;  they  are  larger  on  the 
surface  than  in  the  interior,  and  largest  towards  the  thin  edges  of  the 
organ :  they  are  also  said  to  be  very  large  at  the  apes  of  the  lung. 
Their  dimensions  go  on  increasing  from  birth  to  old  age,  and  they  are 
larger  in  men  than  in  women.  In  the  infant  the  diameter  is  usually 
under  -rr^-jyth.  of  an  inch. 

The  small  bronchial  tube,  as  already  stated,  entering  a  lobule  divides 
and  subdivides  a  variable  number  of  times,  according  to  the  size  of  the 
lobule  ;  its  divisions,  losing  their  cylindrical  form,  and  being  converted 
into  irregular  lobular  passages,  are  beset,  at  first  sparingly,  but  after- 
wards closely  and  on  all  sides'^-with  numerous  little  recesses  or  dilata- 
tions, and  ultimately  terminate  near  the  surface  of  the  lobule  in  a  group 
of  similar  recesses.     These  small  recesses,  whether  seated  along  the 

course  or  at  the  extremity  of  an  air  pas- 
Fig.  1S4.  sage,  are  the  air-cells,  or  alveoli;  and 
each  group  of  alveoli,  with  the  compara- 
tively large  passage  between  them,  con- 
stitutes an  ultimate  lobule,  or  mfuncli- 
bulum,  so  called  from  the  manner  in 
which  it  dilates  towards  its  extremity. 
The  arrangement  of  these  finest  air- 
passages  and  air-cells  closely  resem- 
bles, though  on  a  smaller  scale,  the 
reticulated  structure  of  the  tortoise's 
lung,  in  which  large  open  passages  lead 
in  all  directions  to  clusters  of  wide 
alveoli,  separated  from  each  other  by 
intervening  septa  of  various  depths. 

At  the  point  where  the  small  bron- 
chial tubes  lose  their  cylindrical  cha- 
racter, and  become  covered  on  all  sides 
with  the  cells,  their  structural  elements 
also  undergo  a  change.  The  muscular 
layer  disappears  or  almost  so,  the  longi- 
tudinal elastic  bundles  are  broken  up 
into  an  interlacement  of  areolar  and 
elastic  tissue,  which  surrounds  the  com- 
mencements of  the  infandibula,  and  the 
columnar  ciliated  epithelium  gives 
place  to  a  stratum  of  cubical  non- 
ciliated  cells.  The  walls  of  the  alveoli,  which  mainly  consist  of  an 
indistinctly  fibrillated  connective  tissue  with  corpuscles  scattered  here 
and  there,  are  supported  and  strengthened  by  scattered  and  coiled 
elastic  fibres,  especially  numerous  near  their  orifices,  in  addition  to 
which,  according  to  Moleschott  and  others,  there  is  likewise  an  inter- 
mixture of  muscular  fibre-cells.  The  air-cells  are  lined  by  a  delicate 
layer  of  tesselated  epithelium,  which  is  most  easily  demonstrated  in  the 
young  subject  (fig.  185)  but  is  present  also  in  the  adult :  here,  however, 
the  cells  are  less  regular  both  in  size  and  shape.  Their  outlines  may 
best  be  brought  into  view  by  treating  the  tissue  with  nitrate  of  silver  : 
their  nuclei  are  for  the  most  part  round,  and  are  thus  distinguishable 
from  the  more  oval  nuclei  of  the  connective  tissue  and  walls  of  the 
blood-vessels.   A  number  of  granular  rounded  amoeboid  cells  are  usually 


Fig.  184.  —  Semidiagrammatic    ee- 

PllESENTATION    OP    TwO    InFUKDIBU- 
LA,    EROJI    NEAR    THE     SuRFACE    OF 

THE  Lung  op  a  JSTew-Born  Child 
(from  Kolliker).     25  Diameters. 

a,  exterior  of  the  two  lobiili  or 
infundibula  ;  h,  pulmonary  vesicles 
or  alveoli  on  these  and  on  c,  the 
.smallest  bronchial  ramifications. 
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Fig.   185. — An  Alveolus   from   the   Luiig    of   a   kew-boen   Chilt>,    stained  with 

jS'iTRATE  OF  Silver  to  show  the  Epithelium  (F.  E.  Scliiiltze).     500  Diameters. 

Some  of  the  cells  are  miicli  more  distinct  and  granular  than  the  rest. 

to  be  found  free  in  the  air-cells  and  smaller  bronchial  tubes  :  not 
unfrequently  they  contain  carbonaceous  particles.  It  is  conceivable 
that  by  the  migration  of  these  ceils  into  the  pulmonary  tissue,  the 
carbon  particles  may  be  conveyed  into  the  substance  of  the  lung  and 
thence  into  the  lymphatics  and  bronchial  glands. 


Fi?.  186. 


Fig.  187. 


Fig.  186. — Capillarv  Ketwork  of  the  Human  Lunr  (Kolliker).     60  Diameters. 

Fig.   187.— Capillary  Network  of  the   Pulmonary  Vesicles   of  the  Horse  (from 
Frey  after  a  preparation  by  Gerlach).     100  Diameters. 

a,  the  capillary  network  ;  h,  the  terminal   branches  of  the  pulmonary  artery  passing 
towards  and  surrounding  in  part  each  pulmonary  vesicle. 
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Pulmonary  vessels. — The  capillary  network  of  the  pulmonary- 
vessels  (figs.  18G  and  187)  is  spread  beneath  the  epithelium  of  the  air- 
cells,  and  is  found  wherever  the  finest  air-tubes  have  lost  their  cylin- 
drical character,  and  become  beset  with  alveoli.  Around  the  exterior 
of  each  alveolus  there  is  an  arterial  circle,  which  communicates  freely 
with  neighbouring  circles,  as  may  be  seen  near  the  surface  of  the  lung. 
Erom  these  circular  vessels,  which  vary  in  diameter  fi"om  y^^^th  to 
-g^yth  of  an  inch,  the  capillary  network  arises,  and  covers  the 
bottom  of  each  alveolus,  passing  also  into  the  interalveolar  septa 
between  the  walls  of  adjacent  air-cells,  and  surrounding  the  mouths 
of  these.  As  was  pointed  out  by  Rainey,  the  capillary  network,  in  the 
partitions  between  contiguous  alveoli,  is  single  in  the  lungs  of  man  and 
mammalia,  although  it  forms  a  double  layer  in  the  lungs  of  reptiles. 

The  capillaries  are  very  fine,  measuring,  in  injected  specimens, 
from  g-gVoth  to  -g-cnjot^  of  an  inch  ;  the  network  is  so  close  that 
the  meshes  are  scarcely  wider  than  the  vessels  themselves.  Those 
vessels  which  lie  nearest  to  the  mouths  of  the  alveoli  are  observed  arching 
and  coiled  over  and  amongst  the  elastic  fibres  found  in  the  interalveolar 
septa.  The  capillaries  are  very  superficial,  being  covered  only  by  the 
thin  layer  of  tesselated  epithelium  above  mentioned. 

The  branches  of  the  pulmonary  artery  accompany  the  bronchial  tubes, 
but  they  subdivide  more  frequently,  and  are  much  smaller,  especially 
in  their  remote  ramifications.  They  ramify  without  anastomoses,  and 
at  length  terminate  upon  the  Avails  of  the  air-cells  and  on  those  of  the 
bronchia  in  the  fine  and  dense  capillary  network,  from  which  the  radicles 
of  the  pulmonary  veins  arise.  The  smaller  branches  of  these  veins, 
especially  near  the  surface  of  the  lung,  frequently  do  not  accompany  the 
bronchia  and  arterial  branches,  but  are  found  to  run  alone  for  a  short 
distance  through  the  substance  of  the  organ,  finally  joining  some 
deeper  vein  which  passes  by  the  side  of  a  bronchial  tube,  and  also 
forming,  according  to  Eossignol,  frequent  lateral  communications. 
The  veins  coalesce  into  large  branches,  which  at  length  accom- 
pany the  arteries,  and  thus  proceed  to  the  root  of  the  lung.  In  their 
course  through  the  lung,  the  artery  is  usually  found  above  and  in  front 
of  a  bronchial  tube,  and  the  vein  below. 

The  pulmonary  vessels  differ  from  the  systemic  in  regard  to  their 
contents,  inasmuch  as  the  arteries  convey  dark  blood,  whilst  the  veins 
carry  red  blood.  The  pulmonary  veins,  unlike  the  other  veins  of  the 
body,  are  not  more  capacious  than  their  corresponding  arteries  ;  indeed, 
according  to  Winslow,  Santorini,  Haller,  and  others,  they  are  somewhat 
less  so.  These  veins  have  no  valves.  Lastly,  it  may  be  remarked  that, 
whilst  the  arteries  of  different  lobules  are  independent  (except  where  a 
branch  of  artery  supplies  two  or  three  lobules)  their  veins  freely 
anastomose. 

The  bronchial  vessels. — The  bronchial  arteries  and  veins,  which  are 
much  smaller  than  the  pulmonary  vessels,  carry  blood  for  the  nutrition  of 
the  lung.  The  bronchial  arteries,  from  one  to  three  in  number  for  each 
lung,  arise  from  the  aorta,  or  from  an  intercostal  artery,  and  follow  the 
divisions  of  the  air-tubes  through  the  lung.  They  are  ultimately  dis- 
tributed in  three  ways  :  (1)  many  of  their  branches  ramify  in  the 
bronchial  lymphatic  glands,  the  coats  of  the  large  blood-vessels,  and 
in  the  fibrous  and  muscular  walls  of  the  large  and  small  air-tubes,  and 
give  supply  to  a  copious  capillary  plexus  in  the  bronchial  mucous  mem 
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brane,  which  in  fine  bronchial  tubes  is  continuous  with  that  supplied 
by  the  pulmonary  artery  ;  (2)  others  form  plexuses  in  the  interlobular 
areolar  tissue ;  (o)  branches  spread  out  upon  the  surface  of  the  lung 
beneath  the  pleura,  forming  plexuses  and  a  capillary  network.  These 
may  be  distinguished  from  the  pulmonary  vessels  of  the  superficial 
air-cells  by  their  tortuous  course  and  open  arrangement,  by  their 
being  outside  the  tissue  investing  the  lobules,  and  by  ultimately  ending 
in  the  branches  of  the  superficial  set  of  bronchial  veins.* 

The  bronchial  veins  have  not  quite  so  large  a  distribution  in  the  lung 
as  the  bronchial  arteries,  since  part  of  the  blood  carried  by  the  bronchial 
arteries  is  returned  by  the  pulmonary  veins.  The  superficial  and  deep 
bronchial  veins  unite  at  the  root  of  the  lung,  opening  on  the  right  side 
into  the  vena  azygos,  and  on  the  left  usually  into  the  superior  inter- 
costal vein. 

Iiymphatics. — Part  of  the  lymphatics  of  the  lung  take  origin  from 
lymphatic  capillaries  in  the  interalveolar  septa  in  the  usual  manner, 
and  where  near  the  surface  of  the  lung  come  into  connection  with  the 
suhjjleural  lymphatic  plexus,  previously  mentioned  (p.  273).  They  join 
to  form  vessels  which  accompany  the  branches  of  the  pulmonary  artery 
and  veiu,  running  on  those  vessels  in  twos  or  threes,  connected  by  nume- 
rous cross  branches,  and  in  some  cases,  becoming  perivascular,  even 
completely  surrounding  the  blood-vessel.  The  branched  connective 
tissue  corpuscles  with  which  these  inter  alveolar  lymphatics  are  in  con- 
nection at  their  origin,  send  processes  upwards  to  the  inner  surface  of 
the  alveoli,  between  the  epithelial  cells  (like  the  pseudostomata  of  the 
serous  membranes,  p.  198). 

Other  lymphatics,  which  might  be  distinguished  as  bronchial,  origi- 
nate in  the  mucous  membrane  of  the  bronchial  tubes,  where  the  con- 
nective tissue  cells  with  which  they  are  connected  send  up  processes  to 
the  surface  as  before.  From  the  plexuses  of  origin  they  pass  through 
the  muscular  coat  to  be  distributed  in  the  fibrous  layer,  Avhere  they  are 
most  numerous  on  the  side  opposite  the  accompanying  branch  of  the 
pulmonary  artery.  Here  they  not  unfrequently  are  found  to  enclose 
nodules  or  follicles  of  lymphoid  tissue,  like  those  described  under 
"  Serous  Membranes."  f 

At  the  root  of  the  lung  the  superficial  and  deep  lymphatics  unite 
into  a  few  anastomosing  trunks  before  entering  the  bronchial  lymph- 
atic glands. 

Herves. — The  nerves  to  the  lung  come  from  the  anterior  and  pos- 
terior pulmonary  plexuses  which  are  formed  chiefly  by  branches  from  the 
jjueumogastric  nerves,  joined  by  others  from  the  sympathetic  system. 
The  fine  nervous  cords  enter  at  the  root  of  the  lung,  and  follow  the  air- 
tubes.  Their  final  distribution  requires  further  examination.  Accord- 
ing toRemak,  whitish  filaments  fi'om  the  parvagum  follow  the  bronchia 
as  far  nearly  as  the  surface  of  the  lung,  and  greyish  filaments,  proceed- 
ing fi'om  the  sympathetic,  and  having  minute  ganglia  upon  them  in 
tlieir  course,  pass  both  to  the  bronchial  tubes  and  pleura.  Julius 
Arnold  has  described  the  pulmonary  nerves  of  the  frog  as  ending  in 
pyriform  ganglion  cells.     (Virchow's  Archiv.  vol.  xxviii.) 

*  A  few  small  branches  of  the  intercostal  arteries  also  XDass  to  the  pulmonary  pleiuu 
and  surface  of  the  lung  through  the  ligamentum  latum  pulmonis  (Turner). 

+  Burdon-Sanderson,  Eeport  of  Medical  Officer  to  the  Privy  Council,  1868.  Wywodzoff, 
Wiener  Med.  Jahi'b.  xi.  1860.     E.  Klein,  Proceedings  of  the  Royal  Society,  January,  1874 
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THE   LARYNX,    OR   ORGAN  OF   VOICE. 

The  larynx  is  placed  at  the  upper  and  fore  part  of  the  neck,  where 
it  forms  a  considerable  prominence  in  the  middle  line.  It  lies  between 
the  large  yessels  of  the  neck,  and  below  the  tongue  and  os  hyoides, 
to  which  bone  it  is  suspended.  It  is  covered  in  front  by  the  cervical 
fascia  along  the  middle  line,  and  on  each  side  by  the  sterno-hyoid, 
sterno-thyroid,  and  thyro-hyoid  muscles,  by  the  upper  end  of  the  thyroid 
body,  and  by  a  small  part  of  the  inferior  constrictor  of  the  pharynx. 
Behind,  it  is  covered  by  the  pharyngeal  mucous  membrane,  and  above 
it  opens  into  the  cavity  of  the  pharynx. 

The  larynx  consists  of  a  framework  of  cartilages,  articulated  together, 
and  connected  by  ligaments,  two  of  which,  named  the  true  vocal  cords, 
are  more  immediately  concerned  in  the  production  of  the  voice.  It 
also  possesses  muscles,  which  move  the  cartilages  one  upon  another^ 
and  modify  the  form  and  tension  of  its  apertures,  a  mucous  membrane 
lining  it  internally,  numerous  mucous  glands,  and,  lastly,  blood-vessels, 
lymphatics,  and  nerves,  besides  areolar  tissue  and  fat. 

CABTILAGES   OF   THE  LARYNX 

The  cartilages  of  the  larynx  (lig.  188)  consist  of  three  single  and 
symmetrical  pieces,  named  respectively  the  thyroid  cartilage  (h,  i),  the 
cricoid  cctrtilage  (d),  and  the  cartilage  of  the  epiglottis  (/),  and  of  six 
others,  which  occur  in  pairs,  namely,  the  two  arytenoid  cartilages  {a,  a), 
the  comicula  laryngis,  and  the  cuneiform  cartilages.  In  all  there  are 
nine  distinct  pieces,  but  the  cornicula  and  cuneiform  cartilages  are  very 
small.  Only  the  thyroid  and  cricoid  cartilages  are  seen  on  the  fi'ont 
and  sides  of  the  larynx ;  the  arytenoid  cartilages,  surmounted  by  the 
cornicula  laryngis,  together  with  the  back  of  the  cricoid  cartilage,  on 
which  they  rest,  form  the  posterior  wall  of  the  larynx,  whilst  the 
epiglottis  is  situated  in  front  of,  and  the  cuneiform  cartilages  on  each 
side  of  the  upper  opening. 

The  tliyroid  cartilage,  the  largest,  consists  of  two  flat  lateral  plates 
which  are  continuous  in  front,  forming  a  narrow  angle  with  one  another 
like  the  letter  Y,  most  prominent  at  the  upper  part.  This  angular  pro- 
jection is  subcutaneous,  and  is  much  more  marked  in  the  male  than  iu 
the  female,  being  named  in  the  former  the  pomum  Adami.  The  two 
symmetrical  halves,  nam6d  the  alcn,  are  somewhat  cjuadrilateral  in  form  : 
of  each  half  the  anterior  border  where  they  are  joined  is  the  shortest, 
the  pomum  Adami  being  surmounted  by  a  deep  notch  (see  fig.  180) ;  the 
free  posterior  border  is  thickened  and  vertical,  and  is  prolonged  up- 
wards and  downwards  into  two  processes  or  cornua  (fig.  188,  &,  c) ;  it 
gives  attachment  to  the  stylo-pharyngeus  and  palato-pharyngeus  muscles ; 
the  upper  and  lower  border  have  each  a  well-marked  sinuosity  close  to 
the  cornu  :  otherwise  the  upper  is  convex,  and  the  lower  nearly  straight. 
The  flattened  externcd  surface  of  each  ala  is  marked  by  an  indistinct  ob- 
lique line  or  ridge  (fig.  188,  immediately  below  e),  which,  commencing  at 
a  tubercle,  situated  at  the  back  part  of  the  upper  border,  passes  down- 
wards and  forwards,  so  as  to  mark  ofP  the  anterior  three-fourths  of  the 
surface  from  the  remainder.  This  line  gives  attachment  below  to  the 
sterno-hyoid,  and  above  to  the  thyro-hyoid  muscle,  whilst  the  small 
smooth  surface  behind  it  gives  origin  to  part  of  the  inferior  constrictor 
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of  the  pharynx,  and  affords  attachment  by  means  of  areolar  tissue,  to 
the  thyroid  body.  On  their  internal  surfaces,  the  two  al»  are  smooth 
and  slightly  concave.      Of  the  four  cornua,  all  of  which  bend  inwards, 

Fig.  18S. — Cartilages  of  the 
Larynx  seen  fkoji  behind  and 
ON  THE  Eight  (Bisbop). 

1i,  i,  thyroid  cartilage  ;  tlie  right 
ala  is  seen  foreshortened  ;  below  e,  the 
oblique  line  on  its  outer  surface  ;  h, 
superior,  and  c,  inferior  cornu  of  the 
right  side  ;  d,  cricoid  cartilage  ;  to  the 
left  of  h,  anterior  narrow  part  of  the 
ring  ;  a,  a,  arytenoid  cartilages  ;  /,  /, 
epiglottis,  the  lines  point  to  little 
pits  (for  glands)  on  its  surface. 

the  two  superior  or  great  cornua 
(fig.  188,  I},  i),  pass  slightly 
backwards,  and  terminate  each 
by  a  blunt  extremity,  which  is 
connected,  by  means  of  tlie 
lateral  thyro-hyoid  ligament, 
to  the  tip  of  the  corresponding 
great  cornu  of  the  os  hyoides 
(fig.  180).  The  inferior  or 
smaller  cornua  (fig.  188,  c), 
which  are  somewhat  thicker 
but  shorter,  are  directed 
slightly  forwards,  and  each 
presents,  on  the  inner  aspect 
of  the  tip,  a  smooth  surface, 
for  articulation  with  a  prominence  on  the  side  of  the  cricoid  cartilage. 
The  cricoid  cartilage  (fig.  188,  d),  so  named  from  being  shaped 
like  a  signet-ring,  is  thicker  and  stronger  than  the  thyroid.  It  is 
deep  behind,  where  the  thyroid  cartilage  is  deficient,  measuring  in 
the  male  about  an  inch  from  above  downwards  ;  but  in  front  its 
vertical  measurement  is  diminished  to  a  fourth  or  a  fifth  of  an  inch„ 
Corresponding  with  this,  the  superior  lorder  is  markedly  elevated 
behind,  and  descends  with  a  deep  concavity  in  front  below  the 
thjToid  cartilage  ;  while  the  inferior  border  is  horizontal,  and  connected 
by  membrane  to  the  first  ring  of  the  trachea.  The  posterior  elevated 
part  of  the  upper  border  is  slightly  depressed  in  the  middle  line  (fig. 
188) ;  and  on  the  sides  of  this  depression  are  two  convex  oval  articular 
facets,  directed  upwards  and  outwards,  which  form  a  movable  joint  with 
the  arytenoid  cartilages.  The  external  surface  of  the  cartilage  is  convex 
and  smooth  in  front  and  at  the  sides,  where  it  affords  attachment  to  the 
crico-thyroid  muscles,  and  behind  these  to  the  inferior  constrictors  of 
the  pharynx  :  in  the  middle  line  posteriorly  is  a  slight  vertical  ridge 
(fig.  189,  c)  to  wliich  some  of  the  longitudinal  fibres  of  the  oesophagus 
are  attached.  On  each  side  of  this  ridge  is  a  broad  depression  occupied 
by  the  posterior  crico-arytenoid  muscle,  outside  which  is  a  small 
rounded  and  slightly  raised  surface  for  articulation  on  either  side  with 
the  inferior  cornu  of  the  thyroid  cartilage  (fig.  188,  c).  The  internal 
surface  is  covered  throughout  by  the  mucous  membrane  of  the  larynx. 
The  lower  border  of  the  cricoid  is  circular,  but  higher  up  the  cartilage 
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is  somewhat  compressed  laterally,  so  that  the  passage  through  it  is 
here  elliptical. 

The  arytenoid  cartilages  (figs.  188,  189,  a)  are  two  in  number,  and 
are  symmetrical  on  each  side.  They  may  be  compared  to  three-sided 
pyramids  recurved  at  the  summit,  resting  by  their  bases  on  the  posterior 
and  highest  part  of  the  cricoid  cartilage,  and  Avith  their  tips  approaching 
one  another.  Each  measures  five  to  six  lines  in  height,  about  three 
in  width,  and,  in  the  middle  of  its  inner  surface,  rather  more  than  a  line 
from  before  backwards.  Of  the  three  faces  the  2^0 sterior  is  broad,  trian- 
gular, and  excavated  from  above  downw'ards,  lodging  part  of  the  aryte- 
noid muscle.  The  anterior,  convex  in  its  general  outline,  and  somewhat 
rough,  gives  attachment  to  the  thyro-arytenoid  muscle,  and,  by  a  small 
tubercle,  to  the  corresponding  superior  or  false  vocal  cord.  The 
'internal  surface,  which  is  the  narrowest  of  the  three,  and  slightly  con- 
vex, is  nearly  parallel  with  that  of  the  opposite  cartilage,  and  is  covered 
by  the  laryngeal  mucous  membrane.  The  anterior  and  posterior 
borders,  which 'limit  the  internal  face,  ascend  nearly  in  the  same  vertical 
plane,  whilst  the  external  border,  which  separates  the  anterior  from  the 
posterior  surface,  is  directed  obliquely  upwards  and  inwards. 

The  lase  of  each  arytenoid  cartilage  is  slightly  hollowed,  having 
towards  its  inner  part  a  smooth  surface  for  articulation  with  the  cricoid 
cartilage.  Two  of  its  angles  are  remarkably  prominent,  viz.,  one 
external,  short,  and  rounded,  which  projects  backwards  and  outwards, 
and  into  which  the  posterior  and  the  lateral  crico-arytenoid  muscles 
are  inserted  ;  the  other  anterior,  which  is  more  pointed,  and  forms  a 
horizontal  projection  forwards,  to  which  the  corresponding  true  vocal 
cord  is  attached. 

The  apex  curves  backwards  and  a  little  inwards,  and  terminates  in  a 

Fig.  189.  Fig.    189.— Outline   showing    the 

Position  and  Form  of  the  Ary- 
tenoid Cartilages  from  behind. 
One-half  the  Natural  Size. 
1i,  hyoid  bone  ;  t,  the  superior,  and 
t',  the  inferior  cornn,  of  the  thyroid 
cartilage  ;  c,  placed   on  the  median 
ridge  of  the  back  of  the  cricoid  carti- 
lage ;  a,  placed  between  the  two  ary- 
tenoid cartilages,  to  which  the  letter 
points  by  two  dotted  lines  ;  the  carti- 
lages of    Santorini   or   cornicula   are 
shown  above  the  upper  angles ;  t  r,  the 
trachea. 

blunt  point,  which  is  sur- 
mounted by  a  small  cartila- 
ginous appendage  namt?d 
"  corniculum  laryngis." 

The  cornicula  laryngis, 
or  cartilages  of  Santorini 
are  two  small  yellowish  carti- 
laginous nodules  of  a  some- 
Avhat  conical  shape,  which  are 
articulated  with  the  summits  of  the  arytenoid  cartilages  (fig.  189),  and 
serve  as  it  were  to  prolong  them  backwards  and  inwards.  They 
sometimes  form  part  of  the  arytenoid  cartilages. 


LIGAMENT   OF   THE  LARYNX.  2^^ 

The  cuneiform  cartilages,  or  cartilages  of  Wrisberg,  are  two  very 
small,  soft,  yellowish  cartilaginous  bodies,  placed,  one  ou  each  side,  in 
the  fold  of  the  mucous  membrane  which  extends  from  the  summit  of  the 
arytenoid  cartilage  to  the  epiglottis.  They  have  a  conical  form,  with 
the  base  directed  upwards.  They  occasion  small  elevations  of  the  mu- 
cous membrane,  a  little  in  advance  of  the  cartilages  of  Santorini,  with 
which,  however,  they  are  not  directly  connected. 

The  epiglottis  (fig.  188,  /;  fig.  189,  (•)  is  a  median  lamella  of  yellow 
cartilage,  shaped  somewhat  like  an  ovate  or  obcordate  leaf,  and  covered 
by  mucous  membrane.  It  is  placed  in  front  of  the  superior  opening* 
of  the  larynx,  projecting,  in  the  ordinary  condition,  upwards  im- 
mediately behind  the  base  of  the  tongue  ;  but  during  the  act  of 
swallowing  it  is  carried  downwards  and  backwards  over  the  entrance 
into  the  larynx,  which  it  covers  and  protects. 

The  cartilage  of  the  epiglottis  is  broad  and  rounded  at  its  upper  free 
margin,  but  inferiorly  it  becomes  pointed,  and  is  prolonged  by  means  of 
a  long,  narrow,  fibrous  band  (the  ihyro-epiglottic  ligament)  to  the  deep 
angular  depression  between  the  alaj  of  the  thyroid  cartilage,  to  which  it 
is  attached,  behind  and  below  the  median  notch.  Its  lateral  borders, 
which  are  convex  and  turned  backwards,  are  only  partly  free,  the  lower 
parts  being  enveloped  in  the  aryteno-epiglottic  folds  of  mucous  mem- 
brane. The  anterior  or  lingual  surface  is  free  only  in  its  upper  part, 
where  it  is  covered  by  mucous  membrane.  Lower  down,  the  membrane 
is  reflected  from  it  forwards  to  the  base  of  the  tongue,  forming  three 
folds  or  frgenula,  the  middle  and  lateral  glosso-epiglottidean  folds.  This 
surface  is  also  connected  below  with  the  posterior  surface  of  the  os 
hyoides  by  means  of  a  median  elastic  structure  named  the  hyo-epiglottic 
ligament.  The  posterior  or  laryngeal  surface,  which  is  free  in  the  whole 
of  its  extent,  is  concavo-convex  from  above  downwards,  but  concave 
from  side  to  side  :  the  convexity  projecting  backwards  into  the  larynx 
is  named  the  tubercle  or  cushion.  The  epiglottis  is  closely  covered 
by  mucous  membrane,  on  removing  which,  the  yellow  cartilaginous 
lamella  is  seen  to  be  pierced  by  numerous  little  pits  and  perforations, 
in  which  are  lodged  small  glands  which  open  on  the  surface  of  the 
mucous  membrane. 

Structure  of  the  cartilages  of  the  larsmx. — The  epiglottis, 
the  cornicula  laryngis  and  the  cuneiform  cartilages,  are  composed  of 
elastic  or  yellow  iibro-cartilage  (p.  78),  and  have  little  tendency  to  ossify. 
The  structure  of  all  the  other  cartilages  of  the  larynx  resembles 
generally  that  of  the  costal  cartilages  (p.  75),  like  which,  they  are  very 
prone  to  ossification  as  life  advances. 

LIGAMENTS    AND    JOINTS     OF     THE    LARYNX. 

The  larynx  is  connected  with  the  liyoid  bone  by  a  broad  membrane 
ending  at  the  sides  in  two  round  lateral  ligaments.  The  thyro-hyoid 
Bxem'brane  or  middle  thyro-hyoid  ligament,  is  a  broad,  fibrous, 
and  someAvhat  elastic  membrane,  which  passes  up  from  the  whole  length 
of  the  superior  border  of  the  thyroid  cartilage  to  the  hyoid  bone,  where 
it  is  attached  to  the  posterior  and  upper  margin  of  the  obliquely  inclined 
inferior  surface.  Owing  to  this  arrangement,  the  top  of  the  larynx, 
when  drawn  upwards,  is  permitted  to  slip  within  the  circumference  of 
the  hyoid  bone,  between  Avhich  and  the  upper  part  of  the  thyroid  carti- 
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lage  there  is  occasionally  found  a  small  synovial  bursa.  The  thyro- 
hyoid membrane  is  thick  where  subcutaneous  towards  the  middle  line, 
but  at  the  sides  becomes  thin  and  loose,  and  is  covered  by  the  thyro- 
hyoid muscles.  Behind,  is  the  epiglottis  with  the  mucous  membrane 
ot'  the  base  of  the  tongue,  separated,  however,  by  adipose  tissue  and 
mucous  glands.  This  ligament  is  perforated  by  the  superior  laryngeal 
artery  and  nerve  of  each  side.  The  lateral  thyro-hyoid  ligaments, 
placed  at  the  posterior  limits  of  the  thyro-hyoid  membrane,  are  two 
rounded  yellowish  cords,  which  pass  up  from  the  superior  cornua  of  the 
thyroid  cartilage,  to  the  extremities  of  the  great  cornua  of  the  hyoid 
bone.  They  are  distinctly  elastic,  and  frequently  enclose  a  small  oblong 
cartilaginous  nodule,  which  has  been  named  cartilago  triticea :  some- 
times this  nodule  is  bony. 

The  thyroid  and  cricoid  cartilages  are  connected  together  by  a  mem- 
branous ligament  and  synovial  articulations.  The  crico-thyroid 
membrane  is  divisible  into  a  mesial  and  two  lateral  poi'tions.  The 
mesial  portion,  broad  below  and  narroAV  above,  is  a  strong  triangular 
yellowish  ligament,  consisting  chiefly  of  elastic  tissue,  and  is  attached 
to  the  contiguous  borders  of  the  two  cartilages.  Its  anterior  surface  is 
convex,  is  partly  covered  by  the  crico-thyroid  muscles,  and  is  crossed 
horizontally  by  a  small  anastomotic  arterial  arch,  formed  by  the  junc- 
tion of  the  crico-thyroid  branches  of  the  right  and  left  superior  thyroid 
arteries.  The  lateral  portions  are  fixed  on  each  side  along  the  inner 
edge  of  the  upper  border  of  the  cricoid  close  under  the  mucous  mem- 
brane :  they  become  much  thinner  above,  where  they  are  attached  in 
li'ont  to  the  middle  of  the  angle  between  the  alaj  of  the  thyroid 
cartilage,  and  behind  to  the  anterior  projection  of  the  base  of  the  ary- 
tenoid cartilages  :  the  upper  edges  are  free  between  those  attachments 
and  form  the  inferior  thyro-arytenoicl  iigaaiients  or  true  vocal 
cords. 

The  crico-tli3rroid  joints,  between  the  inferior  cornua  of  the  thy- 
roid cartilage  and  the  sides  of  the  cricoid,  are  two  small  but  distinct 
articulations,  having  each  a  ligamentous  capsule  and  a  synovial  mem- 
brane. The  prominent  oval  articular  surfaces  of  the  cricoid  cartilage 
are  directed  upwards  and  outwards,  while  those  of  the  thjToid  cartilage, 
which  are  slightly  concave,  look  in  the  opposite  direction.  The  cap- 
sular fibres  form  a  stout  band  behind  the  joint.  The  movement 
allowed  is  of  a  rotatory  description,  the  thyroid  cartilage  revolving  on 
its  inferior  cornua,  and  the  axis  of  rotation  passing  transversely 
through  the  two  joints. 

The  superior  tliyro-arytenoid  ligaments  consist  of  a  few  slight 
fibrous  fasciculi,  contained  within  the  folds  of  mucous  membrane  form- 
ing the  false  vocal  cords  hereafter  to  be  described,  and  are  fixed  in 
front  to  the  angle  between  the  alas  of  the  thjToid  cartilage,  some- 
what above  its  middle,  and  close  to  the  attachment  of  the  epiglottis  : 
behind,  they  are  connected  to  the  tubercles  on  the  rough  anterior 
surface  of  the  arytenoid  cartilages.  They  are  continuous  above  with 
scattered  fibrous  bundles  contained  in  the  aryteno-epiglottidean  folds. 

The  crico-arsrtenoid  joints  are  surrounded  by  a  series  of  thin 
capsular  fibres,  which,  together  with  a  loose  synovial  membrane,  serve 
to  connect  the  convex  elliptical  articular  surfaces  on  the  upper  border 
of  the  cricoid  cartilage  Avith  the  concave  articular  dep»ressions  on  the 
bases  of  the  arytenoid  cartilages.   There  is,  moreover,  a  strong  posterior 
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crico-arsrteiioid  ligament  on  each  side,  arising  from  the  cricoid,  and 
inserted  into  the  inner  and  back  part  of  the  base  of  the  arytenoid 
cartilage. 

The  summits  of  the  arytenoid  cartihiges  and  the  cornicula  larvngis 
have  usually  a  fibrous  and  synovial  capsule  to  connect  them,  but  it  is 
frequently  indistinct. 


INTEEIOB    OP    THE     LARYNX 

The  cavity  of  the  lar3mx  is  divided  into  an  upper  and  a  lower  com- 
partment by  the  comparatively 
narrow  aperture  of  the  glottis,  or 
rima  gloftidis,  the  margins  of  which, 
in  their  two  anterior  thirds,  are 
formed  by  the  lower  or  true  vocal 
cords;  and  the  whole  laryngeal 
cavity,  viewed  in  transverse  verti- 
cal section  (fig.  ]  90),  thus  presents 
the  appearance  of  an  hour-glass, 
or  of  two  funnels  meeting  together 
by  their  narrow  ends.  The  upper 
compartment  communicates  with 
the  pharynx  by  the  superior  aper- 
ture of  the  larynx,  and  contain 
immediately  above  the  rima  giot 
tidis  the  ventricles  (s)  and  the 
upper  or  fcdse  vocal  cords.  The 
lower  compartment  passes  inferi- 
orly  into  the  tube  of  the  windpipe 
Avithout  any  marked  constriction 
or  limitation  between  them.  The 
whole  of  the  interior  of  the  larynx 
is  lined  by  mucous  membrane. 

The  superior  aperture  of  the 
larynx,  by  which  it  communicates 
with  the  pharynx,  is  a  triangular 
opening,  wide  in  front  and  narrow 
behind,  the  lateral  margins  of 
which  slope  obliquely  downwards 
and  backwards.  It  is  bounded  in 
front  by  the  epiglottis  (fig.  191,  A, 
€,  and  fig.  192,  a),  behind  by  the 
summits  of  the  arytenoid  carti- 
lages (fig.  191,  B,  a)  and  cornicula 
laryngis  (s)  with  the  angular  border 
of  mucous  membrane  crossing  the 
median  space  between  them,  and 
on  the  sides  by  two  folds  of  mu- 
cous membrane,  the  aryteiio-epi- 
glottidean  folds,  which,  enclosing  a 
few  ligamentous  and  muscular 
fibres  and  the  cartilages  of  Wris- 
berg,  pass  forwards  from  the  tips  of  the  arytenoid  cartilages  and 


Fig.  190. — Anterior  Half  of  a  Traks- 
A'ERSE  Vertical  Section  through  thk 
Larynx  near  its  middle  (Allen  Thomson). 

1,  upper  division  of  the  laryngeal  cavity  ; 
2,  central  portion ;  3,  lower  dirision, 
continued  into  4,  part  of  the  trachea  ; 
c,  the  free  part  of  the  epiglottis ;  e', 
its  cushion  ;  /(,  the  divided  great  cornua 
of  the  hyoid  bone  ;  ht,  thyro-hyoid  mem- 
brane ;  t,  cut  surface  of  the  divided  thyroid 
cartilage ;  c,  that  of  the  cricoid  cartilage  ; 
'/•,  first  ring  of  the  trachea ;  ta,  thyro-aryte- 
noid  muscle  ;  ol,  thyi-o-arytenoid  ligament 
in  the  true  vocal  cord  covered  by  mucous 
membrane  at  the  rima  glottidis  ;  s,  the 
ventricle  ;  above  this,  the  superior  or  false 
cords  ;  s',  the  sacculus  or  pouch  o]3ened  on 
the  right  side. 
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comicula  to  the  lateral  margins  of  the  epiglottis  (fig.  191 ;  and  fi"-.  l9-> 
8,  9,  10).  °       "' 

In  studying  the  form  of  the  laryngeal  cavity  and  its  apertures,  it  is 
proper  to  become  acquainted  with  the  appearances  which  they  present 

Fig.  191-  Fig.     191.— Three     Laryn- 

Goscopic  Views  of  the 
Superior  Aperture  of 
THE  Larynx  and  Sur- 
rounding Parts  in  Dif- 
ferent States  of  the 
Glottis  during  Life  (from 
Czermak). 

A,  the  glottis  during  the 
emission  of  a  high  note  in 
singing.  B,  in  easy  or  quiet 
inhalation  of  air.  C,  in  the 
state  of  widest  possible  dila- 
tation as  in  inhaling  a  very 
deep  breath.  The  diagrams  A', 
33',  and  C,  have  been  added  to 
Czermak's  figures  to  show  in 
horizontal  sections  of  the 
glottis  the  position  of  the 
vocal  ligaments  and  arytenoid 
cartilages  in  the  three  several 
states  represented  in  the  other 
figures.  In  all  the  figures,  so 
far  as  marked,  the  letters  in- 
dicate the  ijarts  as  follows, 
viz.  :  I,  the  base  of  the  tongue ; 
e,  the  upper  free  i^art  of  the 
epiglottis  ;  c',  the  tubercle 
or  cushion  of  the  epiglottis  ; 
p  li,  part  of  the  anterior  wall 
of  the  pharynx  behind  the 
lai-ynx  ;  in  the  margin  of  the 
aryteno-epiglottidean  fold  w, 
the  swelling  of  the  membrane 
caused  by  the  cartilages  of  Wrisberg  ;  s,  that  of  the  cartilages  of  Santorini  ;  a,  the  tip 
of  the  arytenoid  cartilages  ;  c  v,  the  true  vocal  cords  or  lips  of  the  rima  glottidis  ;  c  v  s, 
the  superior  or  false  vocal  cords  ;  between  them  the  ventricle  of  the  larynx  ;  in  C,  i  r  is 
jDlaced  on  the  anterior  wall  of  the  receding  trachea,  and  h  indicates  the  commencement 
of  the  two  bronchi  beyond  the  bifurcation,  which  may  be  brought  into  view  in  this  state  of 
extreme  dilatation. 


on  examination  during  life  by  means  of  the  laryngoscope,  and  Avith  the 
relations  of  these  to  the  anatomical  structure.  On  thus  examining  the 
superior  aperture,  there  are  seen  on  each  side  two  rounded  elevations 
(fig,  191,  s,  iv),  corresponding  respectively  to  the  cornicula  and  the  cunei- 
form cartilages  ;  while  in  the  middle  line  in  front  there  is  a  tumescence 
of  the  mucous  membrane  of  the  lower  part  of  the  epiglottis,  enabling 
that  structure  to  close  the  aperture  more  accurately  when,  it  is  depressed, 
and  named  the  tulercU  or  cusMon  of  the  epghitis  (e').  The  mucous 
membrane  between  the  arytenoid  cartilages  is  stretched  when  they  are 
separated  (b,  c),  and  folded  double  Avhen  they  are  approximated  (a).* 

On  looking  down  through  the  superior  opening  of  the  larynx,  the 
glottis  or  rima  (ilottidis  (fig.  192,  c)  is  seen  at  some  distance  below,  in 
the  form  of  a  long  narrow  fissure  running  from  before  backwards.     It 

*  Czermak  on  the  Laryngoscopej  translated  by  the  New  Sydenham  Society. 
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is  situated  on  a  leTel  with  the  lower  part  of  the  arytenoid  cartilages, 
and  is  bounded  by  the  true  vocal  cords.  Above  the  glottis,  another  pair 
of  proiecting  folds  is  seen,  the  superior  or  false  vocal  cords,  which  are 
imich  thinne'i-  and  weaker  and  less  projecting  than  the  inferior,  and  are 

Pig.  192. — Perspectite  A^iew   of   the  Kg-  1^2. 

Pharyngeal  Openikg   into   the  La- 
rynx   FROM  ABOVE   AND  BEHIND  (Allen 

Tliomson. ) 

The  superior  aperture  Las  been  much 
dilated  ;  the  glottis  is ,  in  a  moderately 
dUated  condition  ;  the  wall  of  the  pha- 
rynx is  opened  from  behind  and  turned 
to  the  sides.  1,  body  of  the  hyoid 
bone  ;  2,  small  coruua  ;  3,  great  cornua; 
4,  upper  and  lower  cornua  of  the  thyroid 
cartilage  ;  5,  membrane  of  the  pharynx 
covering  the  posterior  siTrface  of  the 
cricoid  cartilage  ;  6,  upper  part  of  the 
gullet  ;  7,  membranous  part  of  the 
trachea  ;  8,  projection  caused  by  the 
cartilage  of  Santorini ;  9,  the  same  be- 
longing to  the  cartilage  of  Wrisberg  ;  10, 
aryteno-epiglottidean  fold  ;  11,  cut  mar- 
gin of  the  wall  of  the  pharjTix  ;  «,  free 
part  of  the  epiglottis  ;  a',  its  lower 
pointed  i^art  ;  a" ,  the  cushion  ;  b, 
eminence  on  each  side  over  the  sacculus 
or  pouch  of  the  larynx ;  V,  the  ventricles  ; 
c,  the  glottis  :  the  lines  on  each  side 
point  to  the  vocal  cords. 

arched  in  form.  Bounded  by 
the  superior  and  inferior  vocal 
cords  are  two  deep  oval  depres- 
sions, one  on  each  side  of  the 
glottis,  named  the  sinuses,  or 
ventricles,  of  the  larynx  (fig. 
190,  s,  and  fig.  192,  &')  ;  and 
leading  upwards  from  the  an- 
terior parts  of  these  depressions,  external  to  the  superior  vocal  cordSy 
are  two  small  culs-de-sac,  named  the  laryngeal ^Jouches  or  saccidi  (fiff, 
190,  s')- 

The  snperioi'  vocal  cords,  also  called  the  false  vocal  cords,  because 
they  are  not  immediately  concerned  in  the  production  of  the  voice, 
form  on  each  side  a  free  crescentic  margin,  bounding  the  corresponding- 
ventricle  of  the  larynx,  the  hollow  of  Avhich  is  seen  on  looking  down 
into  the  laryngeal  cavity,  the  superior  vocal  cords  (crs,  fig.  191)  being- 
farther  apart  than  the  inferior. 

The  inferior  or  true  vocal  cords,  the  structures  by  the  vibration 
of  which  the  sounds  of  the  voice  are  produced,  bound  the  two  anterior 
thirds  of  the  aperture  of  the  glottis  (fig.  192,  r).  The  mucous  mem- 
brane covering  them  is  so  thin  and  closely  adherent  as  to  show  the 
yellowish  colour  of  the  ligaments  through  it.  Their  free  edges,  which  are 
sharp  and  straight,  and  directed  upwards,  form  the  lower  boundaries  of 
the  ventricles,  and  are  the  parts  thrown  into  vibration  during  the  pro- 
duction of  the  voice.  Their  inner  surfaces  are  flattened,  and  look 
towards  each  other. 
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The  rima  glottidis,  an  elongated  aperture,  situated,  anteriorly, 
between  the  iDt'erior  or  true  vocal  cords,  and,  posteriorly,  between  the 
bases  of  the  arytenoid  cartilages,  forms  a  long  narrow  slit,  slightly 
wider  in  the  centre  when  nearly  closed,  as  in  the  production  of  the 
voice  (fig.  191,  a')  ;  when  moderately  open,  as  in  easy  respiration,  its 
shape  is  that  of  a  long  triangle,  the  pointed  extremity  being  directed 
forwards,  and  the  base  being  behind,  between  the  arytenoid  car- 
tilages (b)  ;  in  its  fully  dilated  condition  it  is  lozenge- shaped  (the  pos- 
terior sides  being  formed  by  the  inner  sides  of  the  bases  of  the  aryte- 
noid cartilages),  while  the  posterior  angle  is  truncated  (c).  The  rima 
glottidis  is  the  narrowest  part  of  the  interior  of  the  larynx;  in  the 
adult  male  it  measures  about  eleven  lines  or  nearly  an  inch  in  an 
"  antero-posterior  direction,  and  three  or  four  lines  across  at  its  widest 
part,  which  may  be  dilated  to  nearly  half  an  inch.  In  the  female,  and 
in  males  before  the  age  of  puberty,  its  dimensions  are  less,  its  antero- 
posterior diameter  being  about  eight  lines,  and  its  transverse  diameter 
about  two.  The  vocal  cords  are  about  seven  lines  long  in  the  adult 
male,  and  five  in  the  female. 

The  ventricles,  or  sinuses  of  the  larynx  (fig.  190,  s,  and  fig.  192,  J?'), 
are  narrower  at  their  orifice  than  in  their  interior.  The  outer  surface 
of  each  is  covered  by  the  upper  fibres  of  the  corresponding  thyro-aryte- 
noid  muscle. 

The  small  culs-de-sac  named  the  laryngeal  poucJies  (fig.  190,  s'),  lead 
from  the  anterior  part  of  the  ventricles  upwards,  for  the  space  of  half 
an  inch,  between  the  superior  vocal  cords  inside,  and  the  thyroid 
cartilage  outside,  reaching  as  high  as  the  upper  border  of  that  cartilage 
at  the  side  of  the  epiglottis.  The  pouch  is  conical  in  shape,  and 
curved  slightly  backwards.  Its  opening  into  the  ventricle  is  narrow, 
and  is  generally  marked  by  two  folds  of  the  lining  mucous  mem- 
brane. Numerous  small  mucous  glands,  sixty  or  seventy  in  number, 
open  into  its  interior,  and  it  is  surrounded  by  a  quantity  of  fat.  Ex- 
ternally to  the  fat,  this  little  pouch  receives  a  fibrous  investment,  which 
is  continuous  below  with  the  superior  vocal  cord.  Over  its  laryngeal 
side  and  upper  end  is  a  thin  layer  of  muscular  fibres  (compressor  sacculi 
laryngis,  arytseno-epigiottideus  inferior,  Hilton)  connected  above  with 
those  found  in  the  aryteno-epiglottidean  folds.  The  upper  fibres  of  the 
thyro- arytenoid  muscles  pass  over  the  outer  side  of  the  pouch,  a  fev/ 
being  attached  to  its  lower  part.  The  laryngeal  pouch  is  supplied 
abundantly  with  nerves,  derived  from  the  superior  laryngeal. 

MUSCLES    CF    THE    LARYNX. 

Besides  certain  extrinsic  muscles  elsewhere  described — viz.,  the 
sterno-hyoid,  omo-hyoid,  sterno-thyroid,  and  thyro-hyoid  muscles, 
together  with  the  muscles  of  the  suprahyoid  region,  and  the  middle 
and  inferior  constrictors  of  the  pharynx,  all  of  which  act  more  or  less 
upon  the  entire  larynx — there  are  certain  intrinsic  muscles  which  move 
the  different  cartilages  upon  one  another,  and  modify  the  size  of  the 
apertures  and  the  state  of  tension  of  the  soft  parts.  These  intrinsic 
muscles  are  the  crico -thyro id,  the  posterior  and  lateral  crico-arytenoicl,  the 
thyro-arytenoid,  the  arytenoid,  and  the  aryteno-epiglottidean,  together 
with  certain  other  slender  muscular  fasciculi.  All  these  muscles,  except 
the  arytenoid,  which  crosses  the  middle  line,  are  in  pairs. 
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The  crico-th3rroid  muscle  (fig.  193, 10),  is  a  short  thick  triangular 
muscle,  seen  on  the  front  of  the  larynx.  Its  origin  from  the  cricoid 
cartilage,  extends  ft'om  the  median  line  a  considerable  way  backwards, 
and  its  fibres  passing  upwards  and  outwards,  diverging  slightly,  are 


Fig.  193. 


Fiff.  194. 


Fig.  193.— Lateral  Yikw  of  the  CARTiLAaES  of  the  Larynx  with  the  Crico-Thyroid 
Muscle  (after  Willis). 
8,    thyi-oid  cartilage  ;  9,  cricoid  ;    10,   crico-thyi-oid   muscle  ;  11,  crico -thyroid  mem- 
brane ;  12,  upper  rings  of  the  trachea. 

Fig.  194. — View  op  the  Larynx  and  Part   of  the  Trachea  from  behind,  with  the 

Muscles  dissected. 
7i,  the  body  of  the  hyoid  bone  ;  e,  epiglottis ;  t,  the  posterior  borders  of  the  thyroid 
cartilage  ;  c,  the  median  ridge  of  the  cricoid  ;  a,  arytenoid  muscle  ;  s,  placed  on  one 
of  the  oblique  fasciculi  ;  &,  left  posterior  crico-ai-ytenoid  muscle  ;  r,  ends  of  the  incom- 
plete cartilaginous  rings  of  the  trachea  ;  I,  fibrous  membrane  crossing  the  back  of  the 
trachea  ;  «■,  muscular  fibres  exposed  in  a  i)art. 

inserted  into  the  inferior  border  of  the  thyroid  cartilage,  and  into  the 
anterior  border  of  its  lower  cornu.  The  lower  portion  of  the  muscle, 
the  fibres  of  which,  nearly  horizontal,  are  inserted  into  the  lower  cornu, 
is  usually  distinct  from  the  rest.  Some  of  the  superficial  fiibres  are 
almost  always  continuous  with  the  inferior  constrictor  of  the  pharynx. 
The  muscles  of  the  two  sides  separate  from  one  another  in  the  middle 
line  in  front,  leaving  an  interval  which  is  triangular  with  the  base 
upwards.    The  crico-thyroid  membrane  is  here  uncovered. 

The  posterior  crico-arsrfcesioid  lauscle  (fig.  194,  V),  situated  be 
hind,  arises  from  the  broad  depression  on  the  corresponding  half  of 
the  posterior  surface  of  the  cricoid  cartilage,  and  its  fibres,  converging 
upwards  and  outwards,  are  inserted  into  the  outer  angle  of  the  base  of 
the  arytenoid  cartilage,  behind  the  attachment  of  the  lateral  crico- 
arytenoid muscle.     The  upper  fibres  are  short  and  almost  horizontal ; 
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the  middle  are  the  longest  and  run  obliquely  ;  whilst  the  lower  or 
external  fibres  are  nearly  vertical. 

In  connection  witli  the  posterior  crico-arytenoid  muscle,  may  be  mentioned  an 
occasional  small  slip  in  contact  with  its  lower  border,  viz.,  the  kerato-cricoid 
muscle  of  Merkel.  It  is  a  short  and  slender  bundle,  arising-  from  the  cricoid 
cartilage  near  its  lower  border,  a  little  behind  the  inferior  cemu  of  the  thyroid 
cartilage,  and  passing  obliquely  outwards  and  ujpwards  to  be  inserted  into  that 
process.  It  usually  exists  on  only  one  side.  Turner  found  it  in  seven  out  of 
thirty-two  bodies.  It  is  not  known  to  be  of  any  physiological  significance. 
(Merkel,  Anat.  und  Phys.  des  menschl.  Stimm-  und  Sprachorgans,  Leipzig,  1857  ; 
Turner  in  Month.  Med.  Joimial,  Feb.  1860.) 


Fiff.  195. 


The  lateral  crico-arytenoid 
Kiuscle  (fig,  195,  /),  smaller 
than  the  posterior,  is  in  a  great 
measure  hidden  by  the  ala  of  the 
thyroid  cartilage.  It  arises  from 
the  upper  border  of  the  side  of 
the  cricoid  cartilage,  its  origin 
extending  as  far  back  as  the 
articular  surface  for  the  aryte- 
noid. Its  fibres  pass  backwards 
and  upwards,  the  anterior  or 
upper  ones  being  the  longest, 
and  are  attached  to  the  outer 
side  of  the  base  of  the  arytenoid 
cartilage  and  to  the  adjacent  part 
of  its  anterior  surface,  in  front 
of  the  insertion  of  the  posterior 
crico-arytenoid. 

This  muscle  is  covered  inter- 
nally by  the  mucous  membrane, 
and  at  its  anterior  part  by  the 
upper  part  of  the  crico-thyroid 
muscle.  The  upper  part  is  in 
close  contact  and  indeed  is 
sometimes  blended  with  the  thyro- 
arytenoid. 

The  thyro-aryijenoid  muscle 
is  situated  above  the  lateral  crico- 
arytenoid. It  is  thick  below  and 
in  front,  and  becomes  thinner 
above  and  behind.  It  consists 
of  several  distinct  fasciculi, 
which  arise  in  front  fi'om  the 
internal  surface  of  the  thyroid 
cartilage,  the  lower  two-thirds, 
close  to  the  angle  formed  by 
the  junction  of  the  two  alee, 
and  extend  almost  horizontally 
backwards  and  outwards  to 
reach  the  base  of  the  arytenoid  cartilage.  The  loivei-  portion  of 
the  muscle  (fig.  195  d),  which  forms  a  thick  fasciculus,  receives  a  few 
additional  fibres  from  the  posterior  surface  of  the  crico-thyroid  mem- 


Pig.    195. — Side    View    op   the   Larynx 

AFTER    REJIOVAIi  OF  THE    LEFT    ALA  OF  THE 

Thyroid  Cartilage  (Bishop). 

The  upper  thin  part  of  tbe  left  thyro- 
arytenoid muscle  has  been  removed  to  show 
the  lower  part,  d,  supporting  the  vocal 
cord,  c ;  a,  inner  surface  of  right  ala  of 
thyroid  ;  &,  b,  arytenoid  cartilages  ;  d',  the 
small  thyro-arytenoid  muscle  of  Soemmerring 
sometimes  present  ;  e,  posterior,  and  /, 
lateral  crico-arytenoid  muscles  of  the  left 
side  ;  n,  cricoid  cartilage  ;  h,  trachea. 
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brane,  and  is  inserted  into  the  anterior  projection  on  the  base  of  the 
arytenoid  cartilage  and  to  the  surface  adjacent,  close  to  the  insertion  of 
the  lateral  crico-arytejioid.  The  iq)per  thin  portion  of  the  thy ro- arytenoid 
muscle  is -inserted  higher  up  on  the  anterior  surface  and  outer  border 
of  the  arytenoid  cartilage. 

The  lower  portion  of  the  muscle  contributes  to  the  support  of  the 
true  vocal  cord  lying  parallel  with  it ;  into  the  enter  sm-face  of  the 
ligament  some  of  its  fibres  are  inserted.  The  upper  thin  portion, 
external  to  the  lower,  lies  upon  the  laryngeal  pouch  and  ventricle,  close 
beneath  the  mucous  membrane  :  indeed  the  entire  muscle  may  be 
exposed  from  the  interior  of  the  larynx,  by  raising  the  mucous  mem- 
brane of  the  sinus  and  vocal  cord.  Fibres  from  this  muscle  pass 
round  the  border  of  the  arytenoid  cartilage,  and  become  continuous 
with  some  of  the  oblique  fibres  of  the  arytenoid  muscle,  to  be  presently 
described. 


Santorini  described  tliree  tlija'o 
arytenoid  muscles,  an  inferior  and  a 
middle,  -which,  are  constant,  and  a 
superior,  which  is  sometimes  i^resent. 
The  fibres  of  the  superior  fasciculus  (fig. 
195,  ^Z'),  when  present,  arise  nearest  to 
the  notch  of  the  thyi-oid  cai-tiLage,  and 
are  attached  to  the  upper  part  of  the 
base  of  the  arytenoid  cartilage.  This  is 
named  by  Scemmerring  the  sviall  thyro- 
arytenoid, whilst  the  tv^^o  other  portions 
of  the  muscle  constitute  the  great 
thjTO-arytenoid  of  that  author. 

Arsrtenoid  and  aryteno  - 
epiglottidean  sniis  cles . — When 
the  mucous  membrane  is  removed 
from  the  back  of  the  arytenoid 
cartilages,  a  thick  band  of  trans- 
verse fibres  constituting  the  aryte- 
noid muscle  is  laid  bare  (fig.  194,  a), 
and  on  the  surface  of  this  are 
seen  two  slender  decussating  ob- 
lique bundles  {s),  formerly  de- 
scribed as  portions  of  the  arytenoid 
muscle  (arytsenoideus  obliquus), 
but  now  more  generally  con- 
sidered as  parts  of  the  aryteno- 
epigiottidean  muscles,  with  which 
they  are  more  closely  associated 
both  in  the  disposition  of  their 
fibres  and  in  their  action.  The 
ar!jfe}ioid  muscle  passes  straight 
across,  and  its  fibres  are  attached 
to  the  whole  extent  of  the  con- 
cave surface  on  the  back  of  each 
arytenoid  cartilage.  The  aryteno- 
.eptglotUdean  muscles  (fig.  196  &) 


Ficr.    196. 


Fig.  196. — View  op  the  Interior  op 
THE  Left  Half  of  the  Larynx  (after 
Hilton.) 

a,  left  arytenoid  cartilage  ;  c,  c,  divided 
surfaces  of  the  cricoid  cartilage  ;  t,  thyi'oid 
cartilage  ;  e,  epiglottis  ;  v,  left  ventricle 
of  the  larynx  ;  r,  left  inferior  or  true 
vocal  cord  ;  s,  placed  on  the  inner  wall  of 
the  laryngeal  pouch  ;  h,  aryteno-epiglot- 
tidean  muscle  ;  /,  interior  of  the  trachea. 


arising  near  the  inferior  and  outer 


angles  of  the  arytenoid  cartilages,  decussate  one  with  the  other,  and 
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their  fibres  are  partly  attaclied  to  the  upper  and  outer  part  of  the 
opposite  cartilage,  partly  pass  forwards  in  the  aryteno-epiglottidean  fold, 
and  partly  join  the  fibres  of  the  thyro-arytenoid  muscle. ' 

A  few  fibres  associated  with  the  anterior  and  upper  part  of  the 
thyro-arytenoid  muscle  have  been  described  as  a  thyro-ejyiglottidean 
muscle. 

Actions  of  the  intrinsic  muscles  of  the  larynx. — The  cricp-thijroid  muscles 
produce  the  rotation  forwards  and  downwards  of  the  thyi-oid  cartihige  on  the 
cricoid,  which  is  permitted  by  the  crico-thyroid  articulations  (fig-.  197)?    In  this 


Fig.  1D7. 


Fig.  197. — Outline  op  the  Right  Half 
OF  THE  Cartilages  op  the  Larynx  as- 
seen  FROM  THE  Inside,  with  the  Thyro- 
arytenoid Ligament,  to  illustrate 
THE  Action  of  the  Crico-Thyroid 
Muscle     (Allen  Thomson). 

t,  cut  surface  of  the  thyroid  cartilage  in 
the  middle  anteriorly  ;  c,  c,  the  same  of  the 
cricoid  cartilage  before  and  behind  ;  a,  the 
inner  surface  of  the  right  arytenoid  carti 
lage  ;  a',  its  anterior  process  ;  s,  the  right 
cartilage  of  Santorini  ;  c  v,  the  thyro-ary- 
tenoid hgament  ;  the  position  of  the  lower 
cornu  of  the  thyroid  cartilage  on  the  out- 
side of  the  cricoid  is  indicated  by  a  dotted 
outline,  and  r  indicates  the  point  or  axis- 
of  rotation  of  the  one  cartilage  on  the  other  ; 
cth,  indicates  a  line  in  the  principal  direc- 
tion of  action  of  the  crico-thyroid  muscle  ; 
c  a  p,  the  same  of  the  posterior  crico- 
arytenoid muscle  ;  the  dotted  line,  of  which 
i'  indicates  a  part,  reijresents  the  position 
into  which  the  thyroid  cartilage  is  moved 
by  the  action  of  the  crico-thyroid  muscle  ;, 
if  the  arytenoid  cartilages  are  fixed  by 
muscles  acting  in  the  direction  of  cap, 
the  vocal  cords  will  be  elongated  and 
rendered  tense  by  contraction  of  the  crico- 
thyroid muscles,  as  indicated  by  c  v". 


movement  the  arytenoid  cartilages,  being  attached  to  the  cricoid  cartilage  at  a 
level  considerably  above  the  axis  of  rotation,  have  their  distance  from  the  fore- 
j)art  of  the  thja'oid  cartilage  increased,  and,  in  this  way,  the  crico-thyi-oid  muscles 
increase  the  tension  of  the  vocal  cords.  The  tliyro-arytenoid  muscles  are,  in 
their  lower  parts,  the  opponents  of  the  crico-thyi-oid,  raising  the  fore  part  of  the 
thyroid  cartilage  and  decreasing  the  tension  of  the  vocal  cords  ;  the  upper  parts 
of  these  muscles,  being  attached  higher  up  on  the  arytenoid  cartilages,  depress 
them. 

The  lateral  crico-arytcnoid  muscles,  by  prdling  forwards  the  outer  angles  of 
the  arytenoid  cartilages,  approximate  the  vocal  cords  to  the  middle  line.  The 
poatrrior  crlco-aryteno'ul  muscles  pull  backwards  the  outer  angles  of  the  arytenoid 
cartilages,  and  thus  draw  asunder  the  posterior  extremities  of  the  vocal  cords, 
and  dilate  the  glottis  to  its  greatest  extent  ;  they  are  likewise  the  elevators  of 
the  arytenoid  cartilages. 

The  arytenoid  muscle  draws  the  arytenoid  cartilages  together,  and,  from  the 
structure  of  the  crico-arytenoid  joints,  this  approximation  when  complete  is 
necessarily  accompanied  with  depression.  The  aryteno-eplylottidcan  muscles  at 
once  depress  and  approximate  the  arytenoid  cartilages,  v/hich  they  include  in 
their  embrace,  and  draw  down  the  epiglottis,  so  as  to  contract  the  whole  superior 
aperture  of  the  larynx 
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With  the  aid  of  the  la,ryiigoscope  it  may  be  seen  that  in  ordinary  breathing  the 
rima  glottidis  is  widely  open  (fig.  191,  B,  b'),  and  that  ui  vocalisation  the  vocal 
cords  come  closely  together  ;  which  is  effected  principally,  no  doubt,  by  the  action 
of  the  lateral  crico-arytenoid  muscles,  assisted  by  the  arytenoid  and  perhaps  by  the 
thjTro-arytenoid,  and  accompanied  with  a  varying  amount  of  contraction  of  the 
crico-thjT.-oid  muscles.  The  regulation  of  the  tension  of  the  vocal  cords  and  of 
the  width  of  the  aperture  of  the  glottis,  in  the  production  of  high  and  low 
pitched  notes,  is  probably  accomplished  by  the  crico-thyroid  and  thyi'o-arytenoid 
muscles.  The  movement  of  the  tliyroid  on  the  cricoid  cax-tilage,  effected  by 
these  muscles  during  the  passage  of  the  voice  from  one  extreme  of  the  scale  to 
the  other,  may  be  detected  by  placing  the  tip  of  a  finger  over  the  crico-thyroid 
ligament.  The  aiytenoid  and  axyteno-epiglottidean  muscles  come  into  action 
in  spasmodic  closme  of  the  upper  aperture  of  the  larynx :  the  complete  descent 
of  the  epiglottis,  however,  can  only  take  place  when  the  tongue  is  retracted 
and  the  thyi'oid  cartilage  pushed  against  it,  as  in  the  act  of  swallowing-. 

It  is  remarked  by  Henle  that,  with  the  exception  of  the  crico-thyroid  and 
posterior  crico-arytenoid,  the  muscles  of  the  larynx,  namely,  those  '"  which  lie  in 
the  space  enclosed  by  the  laminae  of  the  thjToid  cai'tilage.  and  above  the  cricoid, 
the  fibres  of  which  are  substantially  horizontal,  may  be  regarded  in  their  totality 
as  a  kind  of  sphincter.  Such  a  sphincter  is  found  in  its  simple  form  embracing 
the  entrance  of  the  larynx  in  reptiles  ;  and  the  comj^lication  which  it  attains  in 
the  higher  vertebrates  arises,  like  the  complication  of  the  muscles  generally,  from 
the  fibres  finding  various  points  of  attachment  in  their  course,  by  which  means 
they  are  broken  up  and  divided." 

TEE  MUCOUS  MEMBRANE  AND  GLANDS  OF  THE  LARYNX. 

The  laryngeal  mucous  membrane  is  thin  and  of  a  pale  colour.  In 
some  situations  it  adheres  intimately  to  the  subjacent  parts,  especially 
on  the  epiglottis,  and  still  more  in  passing  over  the  true  vocal  cords,  on 
which  it  is  extremely  thin  and  most  closely  adherent.  About  the 
upper  part  of  the  larynx,  above  the  glottis,  it  is  extremely  sensitive. 
In  or  near  the  aryteno-epiglottidean  folds  it  covers  a  quantity  of  loose 
areolar  tissue,  which  is  liable  in  disease  to  infiltration,  constituting 
oedema  of  the  glottis.  Like  the  mucous  membrane  in  the  rest  of  the 
air-passages,  that  of  the  larynx  is  covered  in  the  greater  part  of  its 
extent  with  a  columnar  ciliated  epithelium,  by  the  vibratory  action  of 
which  the  mucus  is  urged  upwards.  The  cilia  are  found  higher  up  in 
front  than  on  each  side  and  behind,  reaching  in  the  former  direction  as 
high  as  the  widest  portion  of  the  epiglottis,  and  in  the  other  directions 
only  to  a  line  or  two  above  the  superior  vocal  cords  :  above  these  points 
the  epithelium  loses  its  cilia,  and  gradually  assumes  a  stratified 
squamous  form,  like  that  of  the  pharynx  and  mouth.  Upon  the  vocal 
cords  also  the  epithelium  is  squamous,  although  both  above  and  below 
them  it  is  ciliated  columnar. 

Glands. — The  lining  membrane  of  the  larynx  is  provided  with 
numerous  glands,  which  secrete  an  abundant  mucus  ;  and  the  orifices 
of  which  may  be  seen  almost  everywhere,  excepting  upon  and  near  the 
true  vocal  cords.  They  abound  particularly  upon  the  epiglottis,  in  the 
substance  of  which  are  found  upwards  of  fifty  small  compound  glands, 
some  of  them  perforating  the  cartilage.  Between  the  anterior  surface 
of  the  epiglottis,  the  hyoid  bone  and  the  root  of  the  tongue,  is  a  mass 
of  yellowish  fat,  erroneously  named  the  epiglottidean  gland,  in  or  upon 
which  some  real  glands  may  exist.  Another  collection  of  glands, 
namely  arytenoid,  is  placed  within  the  fold  of  mucous  membrane  in 
front  of  each  arytenoid  cartilage,  from  which  a  series  may  be  traced  for- 
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■wards,  along  tlie  corresponding  superior  vocal  cord.     The  glands  of  the 
laryngeal  pouches  have  already  been  described. 

VESSELS  AND  NERVES  OF  THE  LARYNX; 

Tlie  arteries  of  tlie  larynx  are  derived  from  the  superior  tliyi'oid,  a  branch  of 
the  external  carotid,  and  from  the  inferior  thyroid,  a  branch  of  the  subclavian. 
The  rehifi  join  the  superior,  middle,  and  inferior  thyroid  veins.  The  hjiiqjhatic.-i 
are  numerous,  and  pass  through  the  cervical  glands.  Their  mode  of  distribu- 
tion resembles  that  in  the  trachea.  The  nerreti  are  supplied  from  the  superior 
larjTigeal  and  inferior  or  recurrent  larjnigeal  branches  of  the  pneumogastric 
nerves,  joined  by  branches  of  the  sympathetic.  The  superior  larjTigeal  nerves 
supply  the  mucous  membrane,  and  also  the  crico-thyroid  muscles,  and  in  part 
the  arytenoid  muscle.  The  inferior  laryngeal  nerves  supply,  in  part,  the  arytenoid 
muscle,  and  all  the  other  muscles,  excepting  the  crico-thyroid. 

The  superior  and  inferior  laryngeal  nerves  of  each  side  communicate  with  each 
other  in  two  places,  viz.,  at  the  back  of  the  larynx,  beneath  the  pharyngeal 
mucous  membrane,  and  on  the  side  of  the  larynx,  under  the  ala  of  the  thyroid 
cartilage.  Numerous  ganglion -cells  are  found  on  the  branches,  Ijoth  on  those 
which  enter  the  miiscles,  and  also  underneath  the  mucous  membrane.  End-bulbs 
are  also  described  in  the  mucous  membrane  which  covers  the  posterior  or  laryngeal 
.surface  of  the  epiglottis  (Lindemann). 

The  further  details  of  the  distribution  of  the  vessels  and  nerves  are  to  be  found 
elsewhere. 

FORMATION  AND  GROWTH  OF  THE  LARYNX: 

The  rudimentary  larynx  consists,  according  to  Valentin,  of  two  slight  enlarge- 
ments having-  a  fissure  between  them,  and  embracing  the  entrance  from  the 
X^harynx  into  the  trachea.  According  to  Reichert,  the  rudiments  of  the  arytenoid 
cartilages  are  the  first  to  appear.  Rathke,  however,  states  that  all  the  true  cai-ti- 
lages  are  formed  at  the  same  time,  and  are  recognisable  together  as  the  lar;}mx 
enlarges,  the  epiglottis  only  appearing  later.  In  the  human  embryo,  Fleischmann 
could  not  detect  the  cartilages  at  the  seventh  week,  though  the  larynx  was  half 
a  line  in  length ,  but  at  the  eighth  week  there  were  visible  the  thyroid  and  cricoid 
cartilages,  consisting  at  that  period  of  two  lateral  halves,  which  are  afterwards 
united  together  in  the  sixth  month.  KoUiker,  on  the  other  hand,  states  that 
those  cartilages  are  single  from  the  first. 

During  childhood  the-  growth  of  the  larynx  is  very  slow.  Richerand  found 
that  there  was  scarcely  any  difi^erence  between  the  dimensions  of  this  organ  in 
a  child  of  three  and  in  one  of  twelve  years  of  age.  Up  to  the  age  of  puberty 
the  larynx  is  similar  in  the  male  and  female,  the  chief  characteristics  at  that 
period  being  the  small  size  and  comparative  slightness  of  the  organ,  and  the 
smooth  rounded  form  of  tlie  thyi-oid  cartilage  in  front.  In  the  female  these  con- 
ditions are  permanent,  excepting  that  a  slight  increase  in  size  takes  place.  In 
the  male,  on  the  contrary,  at  the  time  of  puberty,  remarkable  changes  rapidly 
occur,  and  the  larynx  becomes  more  prominent  and  more  perceptible  at  the  upper 
part  of  the  neck.  Its  cartilages  become  larger,  thicker,  and  stronger,  and  the 
alee  of  the  thyroid  cartilage  project  forwards  in  front  so  as  to  form  at 
their  union  with  one  another,  the  prominent  ridge  of  the  j'ommn  Ad  ami. 
At  the  same  time,  the  median  notch  on  its  upper  border  is  considerably 
deepened.  In  consequence  of  these  changes  in  the  thyroid  cartilage,  the  dis- 
tance between  its  angle  in  front  and  the  arytenoid  cartilages  behind  becomes 
greater,  and  the  chordaj  vocales  are  necessarily  lengthened.  Hence  the  dimen- 
sions of  the  glottis,  which,  at  the  time  of  puberty,  are  increased  by  about  one- 
third  only  in  the  female,  are  nearly  doubled  in  the  male,  and  the  adult  male 
larynx  becomes  altogether  oare-third  larger  than  that  of  the  female. 

Towards  the  middle  of  life  the  cartilages  of  the  larynx  first  show  a  tendency  to 
ossification  ;  this  commences  first  in  the  thyroid  cartilage,  then  appears  in  the 
cricoid,  and  lastly  in  the  arytenoid  cartilages.  In  the  thyroid  cartilage  the  ossifi- 
cation  usually  begins  at  the  comua  and  posterior  borders;  it  then  gradually 
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extends  along  the  whole  inferior  border,  and  subsequently  spreads  upwards 
through  the  cartilage.  The  cricoid  cartilage  fii-st  becomes  ossified  at  its  upper 
border  upon  each  side,  near  the  two  posterior  articular  eminences,  and  the  ossifica- 
tion invades  the  lateral  parts  of  the  cartilage  before  encroaching  either  in  front 
or  behind.     The  aiytenoid  cartilages  become  ossified  from  below  upwards. 


DUCTLESS  GLANDS  OK'  THE  LARYNX  AND  TRACHEA, 


THE    THYROID    BODY. 


The  thyroid  body  or  gland  (fig.  198)  is  a  soft  reddish  and  highly 
yascular  organ,  consisting  of  two  lateral  lobes,  united  together  towards 
their  lower  ends  by  a  transverse  portion  named  the  isthmis.    Viewed 

Fig.  198. — Sketch  showing  the  Fokji   akd  Position  Fig-    19S. 

OP  THE  Thykoid  Body  (Allen  Thomson).    One-Half 
THE  Natural  Size. 

The  larynx  and  surrounding  parts  are  viewed  from 
before  ;  on  the  right  side  the  muscles  covering  the 
thyroid  body  are  retained,  on  the  left  side  they  are 
removed  ;  h,  hyoid  bone  ;  th,  right  thyro-hyoid  muscle  ; 
oil,  omo-hyoid  ;  sh,  stemo-hyoid  ;  st,  sterno-thyroid  ; 
c,  on  the  crico-thyi'oid  membrane  above  the  cricoid 
cartilage,  points  by  a  dotted  line  to  the  right  crico- 
thyroid muscle  ;  tr,  the  trachea  ;  ce,  the  (Bsophagus 
appearing  behind  and  slightly  to  the  left  of  the  trachea  ; 
t,  the  right  lobe  of  the  thyroid  body  partially  seen 
between  the  muscles  ;  t',  the  left  lobe  entirely  exposed  ; 
*,  the  isthmus  ;  It,  the  fibrous  or  muscular  band  termed 
levator  thyroideie,  which  is  more  rarely  found  in  the 
middle  line  or  to  the  right  side,  and  which  existed 
in  the  case  from  which  the  figure  was  taken. 

as  a  whole,  it  is  convex  on  the  sides  and  in 
front,  forming  a  rounded  projection  upon 
the  trachea  and  larynx.  It  is  covered  by 
the  sterno-hyoid,  sterno-thvroid,  and  omo- 
hyoid muscles,  and  behind  them  it  comes 
into  contact  with  the  sheath   of  the  great 

vessels  of  the  neck.  Its  deep  surface  is  concave  "where  it  rests  against 
the  trachea  and  larynx.  It  usually  extends  so  far  back  as  to  touch  the 
lower  portion  of  the  pharynx,  and  on  the  left  side  the  oesophagus  also. 

The  general  direction  of  each  lobe  is,  from  below,  upwards  and 
backwards,  reaching  from  the  fifth  or  sixth  ring  of  the  trachea  to 
the  posterior  border  of  the  thyroid  cartilage,  of  which  it  covers  the 
inferior  cornu  and  adjoining  part  of  the  ala.  The  upper  thin  end  of 
the  lobe,  which  is  sometimes  called  the  cor7iu,  is  usually  connected  to 
the  side  of  the  thyroid  and  cricoid  cartilages  by  areolar  tissue. 

The  transverse  part,  or  isthmus  {%),  which  connects  the  two  lateral 
lobes  a  little  above  their  lower  ends,  commonly  lies  across  the  third  and 
fourth  rings  of  the  trachea,  but  is  very  inconstant  in  size,  shape,  and 
position,  and  the  part  of  the  trachea  covered  by  it  differs  accordingly. 
From  the  upper  part  of  the  isthmus,  or  from  the  adjacent  portion 
of  either  lobe,  a  slender  copical  process,  named,  from  its  shape  and 
position,  the  pijramid,  or  middle  lobe,  often  proceeds  upwards  to  the 
hyoid  bone,  to  which  its   apex  is   attached  by  loose  fibrous  tissue. 
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Commonly  this  process  lies  somewhat  to  the  left  ;  occasionally  it  is 
thicker  aboTC  than  below,  or  is  completely  detached,  or  is  split  into 
two  parts  :  sometimes  it  appears  to  consist  of  fibrous  tissue  only. 
In  many  cases  muscular  fasciculi,  most  frequently  derived  from  the 
thyro-hyoid  muscle,  but  occasionally  independent,   descend  from    the 

Fig.    190.  Fig.     199.— Magnified     View     of 

SEVERAL  Vesicles  from  the 
Thyroid  Gland  of  a  Child  (from 
Kolliker). 

a,  connective  tissue  between  the 
vesicles  ;  b,  capsule  of  the  vesicles  ; 
c,  their  epithelial  lining. 

hyoid  bone  to  the  thyroid 
oiand  or  its  pyramidal  iDrocess. 
They  are  known  as  the  levator 
f/JanduIcd  ilujroidecR  (fig.  198, 
It).  It  sometimes,  though 
rarely,  happens  that  the 
isthmus  is  altogether  wanting 
the  lateral  lobes  being  then 
connected  by  areolar  or  fibrous 
tissue  only  :  this  is  the  natural 
condition  in  some  animals. 
Each  lateral  lohe  measures 
usually  two  inches  or  upwards  in  length,  an  inch  and  a  quarter  in 
breadth,  and  three-quarters  of  an  inch  in  thickness  at  its  largest 
part,  which  is  below  its  middle :  the  right  lobe  is  usually  a  few  lines 
longer  and  wider  than  the  left. 

The  isthmus  measures  nearly  half  an  inch  in  breadth,  and  from  a 
quarter  to  three-quarters  of  an  inch  in  depth. 

The  weight  of  the  thyroid  body  varies  ordinarily  from  one  to  two 
ounces.  It  is  always  larger  in  females  than  in  males,  and  appears 
in  many  of  the  former  to  undergo  a  periodical  increase  about  the  time 
of  menstruation.  It  commonly  varies  a  good  deal  in  size,  and  occasion- 
ally undergoes  enormous  enlargement,  constituting  the  disease  called 
goitre,  or  bronchocele.  Its  colour  is  usually  of  a  clusky  brownish  red, 
but  sometimes  of  a  yellowish  hue.  The,  function  of  the  thyroid  body  is 
unknown. 

Structure. — The  texture  of  this  organ  is  firm,  and  to  the  naked  eye 
appears  coarsely  granular.  It  is  invested  by  a  thin  transparent  layer 
of  dense  areolar  tissue,  which  connects  it  with  the  adjacent  parts,  sur- 
rounds and  supports  the  vessels  as  they  enter  it  and  imperfectly 
separates  its  substance  into  small  masses  of  irregular  form  and  size. 
This  interstitial  areolar  tissue  is  free  from  fat,  and  contains  elastic 
fibres. 

When  the  organ  is  cut  into,  a  yellow  glairy  fluid  escapes  from 
the  cut  surface.  Its  substance  is  composed  of  multitudes  of  closed 
vesicles,  which  are  surrounded  by  capillary  vessels,  and  are  held  together 
in  groups  or  imperfect  lobules  by  areolar  tissue.  The  size  of  the  vesicles 
varies  from  gi-oth  of  an  inch  to  that  of  a  millet-seed,  so  as  to  be  visible 
to  the  naked  eye, — varying,  however,  in  different  individuals,  more  than 
in  the  same  thyroid  body.     They  are  spherical,  ovoid,  or  flattened,  and 
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perfectly  distinct  from  each  other.  Each  vesicle  consists  of  a  simple 
basement  membrane  (fig.  199  1)),  with  a  single  epithelial  layer  of  cells 
(c)  lining  its  inner  surface  ;  at  least  in  the  foetus  and  young  subject,  for 
it  would  appear  that  the  cells  for  the  most  part  become  detached  in  the 
progress  of  growth.  The  fluid  coagulates  by  the  action  of  heat  or  of 
alcohol,  preserving,  however,  its  transparency. 

One  of  the  most  frequent  pathological  changes  to  which  the  thyroid 
body  is  subject  consists  in  the  accumulation  within  its  vesicles  of  a 
gelatinous-looking  substance  (colloid)  :  this  may  occur  without  giving 
rise  to  very  great  enlargement  of  these  vesicles,  but  in  certain  forms 
of  goitre  it  distends  them  to  an  enormous  degree. 

Vessels  and  nerves. — The  arteries  of  the  thyi-oid  body  are  the  superior  and 
inferior  thyi'oids  of  each  side,  to  which  is  sometimes  added  a  fifth  vessel,  the 
thijroidea  ima  of  Neubauer  and  Erdmann.  The  arteries  are  remarkable  for  therr 
large  relative  size,  and  for  their  frequent  and  large  anastomoses  ;  they  terminate 
in  a  capUlary  network,  upon  the  outside  of  the  closed  vesicles.  The  veins,  which 
are  also  large,  ultimately  form  i^lexuses  on  the  surface,  from  which  a  superior, 
middle,  and  inferior  thyi'oid  vein  are  formed  on  each  side.  The  superior  and 
middle  thyi'oid  veins  open  into  the  internal  jugular  ;  the  inferior  veins  issue 
from  a  plexus  formed  in  front  of  the  trachea,  and  open  on  the  right  side  into 
the  superior  cava,  and  on  the  left  into  the  brachio-cephalic  vein.  The  li/mjjJiatics 
of  the  thji-oid  body  foiin  numerous  and  large  anastomosing  trunks,  both  at  the 
surface  of  the  organ  and  throughout  its  substance  ;  they  originate,  according-  to 
the  observations  of  Frey,  in  the  connective  tissue  which  unites  the  gland-vesicles, 
with  the  cavity  of  which  they  apjjear  not  to  be  in  communication. 

The  nerres  are  derived  fi'om  the  middle  and  inferior  cervical  ganglia  of  the 
sympathetic.  They  accompany  the  blood-vessels  ;  and  have  here  and  there 
ganglion-cells  in  their  course  ;  then-  mode  of  ending  is  unknowTi. 

Development. — Remak  states  that  the  thyi'oid  body  is  developed  from  the 
anterior  wall  of  the  phaiynx.  In  a  human  embryo  at  the  thii-d  month,  KoUiker 
found  the  thyi'oid  body  consisting  of  isolated  vesicles,  with  rounded  cells  in  their 
interior.  The  multiplication  of  these  vesicles  takes  place,  according  to  KoUiker, 
either  by  constriction  and  subsequent  division  of  one  vesicle  into  two,  or  by  a 
process  of  gemmation.  The  transverse  part  of  the  gland  is  said  to  be  develoi^ed 
subsequently  to  the  two  lateral  lobes.  In  the  foetus,  and  dming  early  infancy, 
this  organ  is  relatively  larger  than  in  after-life  ;  its  proportion  to  the  weight  of 
the  body  in  the  new-bom  infant  being  that  of  1  to  2iO  or  400,  whilst  at  the  end 
of  three  weeks  it  becomes  only  1  to  1160,  and  in  the  adult  1  to  1800  (Ki-ause). 
In  advanced  life  the  thyi-oid  body  is  liable  to  become  indurated,  and  frequently 
contains  earthy  deposit ;  its  vesicles  also  attain  a  very  large  size. 

THE   THYMUS    GLAND. 

The  thi/mus  gland  or  body  is  a  temporary  organ  which  reaches  its 
greatest  size  at  about  the  end  of  the  second  year  of  life,  after  which  period 
it  ceases  to  grow,  and  is  gradually  reduced  to  a  mere  vestige.  Its  function 
is  not  fully  understood,  although  it  is  probable  that  it  is  in  some  way 
connected  with  the  elaboration  of  the  blood  in  infancy.  "When  examined 
in  its  mature  state  in  an  infant  under  two  years  of  age,  it  appears  as  a 
narrow  elongated  glandular-looking  body,  situated  partly  in  the  thorax, 
and  partly  in  the  lower  region  of  the  neck  :  below,  it  lies  in  the 
anterior  mediastinal  space,  close  behind  the  sternmn,  and  in  fi'ont  of 
the  great  vessels  and  pericardium  ;  above,  it  extends  upwards  upon 
the  trachea  in  the  neck.  Its  colour  is  greyish,  with  a  pinkish 
tinge  ;  its  consistence  is  soft  and  pulpy,  and  its  surface  appears  dis- 
tinctlv  lobulated.     It  consists  of  tn'o  lateral  lobes,  which  touch  each 
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other  along  t'lie  middle  line,  and  are  nearly  symmetrical  in  form,  thougli 
generally  unequal  in  size,  sometimes  the  left,  and  at  other  times  the 
right  lobe  being  the  larger  of  the  two.  An  intermediate  lohe  often  exists 
between  the  two  lateral  ones,  and  occasionally  the  whole  body  forms  a 
single  mass. 

Each  lateral  lobe  is  of  an  elongated  triangular  form.  The  apex  usually 
mounts  up  into  the  neck,  reaching  as  high  as  to  the  lower  border  of  the 
thyroid  body.  The  ~bam  rests  on  the  upper  part  of  the  pericardium,  to 
which  it  is  connected  by  areolar  tissue.  The  anterior  surface,  slightly 
convex,  is  covered  by  the  first  and  the  upper  part  of  the  second  piece  of 
the  sternum,  reaching,  in  the  infant  at  birth,  as  low  down  as  the  level 
of  the  fourth  costal  cartilage.  It  is  attached  to  the  sternum  by  loose 
areolar  tissue,  but  opposite  the  upper  part  of  that  bone  is  separated  from 
it  by  the  origins  of  the  sterno-hyoid  and  sterno-thyroid,  which  muscles 
also  cover  it  in  the  neck.  The  ^posterior  surface,  somewhat  concave, 
rests,  in  the  thorax,  upon  part  of  the  pericardium,  upon  the  front  of  the 
aortic  arch  and  the  large  arteries  arising  from  it,  and  also  on  the  left 
innominate  vein.  In  the  neck  it  lies  upon  the  front  and  corresponding- 
side  of  the  trachea.  Its  external  lorder  is  in  contact  with  the  corre- 
sponding layer  of  the  mediastinal  pleura,  near  the  internal  mammary 
artery,  and  higher  up  (in  the  neck),  with  the  sheath  of  the  carotid  artery. 
The  internal  border  is  in  close  contact  with  that  of  the  opposite  lobe. 
The  dimensions  of  the  thymus  vary  according  to  its  stage  of  develop- 
ment. At  birth  it  measures  rather  more  than  two  inches  in  length,  an 
inch  and  a  half  in  width  at  its  lower  part,  and  about  three  or  four  lines 
in  thickness.  Its  weight  at  that  period  is  about  half  an  ounce.  Its 
specific  gravity,  which  is  at  first  about  1'050,  diminishes  as  the  gland 
continues  to  waste. 

Structiire. — The  lateral  halves  or  lobes  of  the  thymus  gland  are 
each  invested  by  a  capsule  of  thin  areolar  tissue,  which  sends  parti- 
tions into  the  gland  between  the  several  lobules  :  on  its  outer  surface 
the  capsule  is  covered  by  a  layer  of  flattened  epithelioid  cells.  Each 
lobe  consists  of  numerous  polyhedral  lolnUes,  the  most  of  them  from 
two  to  five  lines  in  diameter,  connected  by  a  more  delicate  inter- 
vening areolar  tissue.  These  prim^ary  lobules  are  each  made  up  of 
a  number  of  small  nodules  or  follicles  (fig.  200,  l,  h),  as  they  have 
been  termed.  These  are,  in  many  respects,  similar  in  structure  to 
ordinary  lymphoid  follicles,  such  as  those  of  the  tonsils  or  of  Peyer's 
patches  m  the  intestine  :  consisting,  like  these,  of  retiform  tissue,  the 
meshes  of  which  are  filled  with  lymph  corpuscles  ;  at  the  surface  of 
each  follicle  the  retiform  tissue  is  somewhat  closer,  so  as  to  form  a 
species  of  capsule  for  it.  In  some  animals  these  capsules  completely 
enclose  the  follicles,  but  in  others,  including  man,  several  follicles 
may  be  united  towards  the  centre  of  the  lobule,  which  is  then  commonly 
of  softer  consistence  than  the  other  parts,  and  apt  to  break  down  if 
not  perfectly  fresh,  so  as  to  give  the  deceptive  appearance  of  a  central 
cavity  (see  fig.  200).  Scattered  here  and  there  in  the  retiform  tissue  are 
peculiar  corpuscles,  composed  of  a  substance  which  strongly  refracts  the 
light,  and  readily  becomes  stained  by  carmine.  They  present  an  ap- 
pearance of  concentric  striation,  and  are  known  as  the  concentric  cor- 
puscles of^  Hassall,  They  vary  in  size  from  that  of  a  blood-corpuscle 
to  three  times  that  diameter,  or  more ;  the  larger  often  contain  smaller 
ones  in  their  interior. 
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According  to  the  description  given  by  Astley  Cooper  the  thjTiius  presents  a  con- 
tinuous anfractuous  cavity,  the  extensions  of  which  pass  into  the  lobules  :  it  is  pro- 
babel,  however,  that  the  cavity  described  was  produced  artificially,  the  lymphoid 
tissue  towards  the  centre  of  each  lobule  being  rather  looser  than  in  the  outer  parts. 

"Vessels  and  Nerves.— The  arteries  of  the  thymus  are  derived  from  various 
sources,  viz.,  from  the  internal  mammary,  the  inferior  and  superior  thyi'oid, 
the  subclavian  and  carotid  arteries.  Their  branches  penetrate  to  the  centi'e 
of  the  lobules,  Avhence  they  radiate  outwards,  terminating  in  cai^illary  vessels, 
which  form  a  network  within  each  follicle 
(fig.  200),  and  pass  at  its  exterior  into  the 
Tc'nis.  These  pui-sue  a  different  course  from 
the  arteries  ;  they,  for  the  most  part,  open 
into  the  left  innominate  vein.* 

The  h/mj^haties  are  larg-e.  According  to 
the  observations  of  His  on  the  calf,  the 
larger  blood-vessels  passing  to  the  centre 
are  each  accompanied  bj'  two  or  more  Ijva- 
phatic  trunks.  These  arise  from  an  inter- 
lobular plexus,  which  again  is  in  connection 
with  vessels  which  stuTOund  and  enclose 
the  individual  follicles  (as  in  the  intes- 
tinal follicles). 

The  nerves  are  very  minute.  Haller 
thought  that  they  were  partly  derived  fi-om 
the  phrenic  nerves,  but.  according  to  Cooper, 
no  filaments  from  these  nerves  go  into  the 
gland,  although  they  reach  the  investing 
capsule,  as  does  also  a  branch  from  the 
descendens  noni.  Small  filaments,  derived 
from  the  pneumo-gastiic  and  sympathetic 
neiwes,  descend,  on  the  thyroid  body,  to  the 
upper  j)art  of  the  thymus.  Sjanpathetic 
neiwes  also  reach  the  gland  along  its  various 
arteries. 

Development  and  G-rowth. — The  early 
development  of  the  thymus  has  been  care- 
fully studied  by  Simon,  whose  researches 
were  chiefly  conducted  in  the  embryos  of 
S'nine  and  oxen.  In  embryos  about  half 
an  inch  in  length,  it  may  be  distingTiished 
with  the  aid  of  the  microscope  ;  and  in 
those  of  one  and  a  half  inch,  with  a  simple 
lens,  "\'\Tien  first  distinguishable,  it  appears 
to  consist  of  a  simple  closed  tube,  lying 
along  the  carotid  vessels  (most  lik.eljt\ietuhe 
so  described  is  a  collection  of  embryonic  cells  enclosed  in  a  membranous  capsule). 
It  has  no  connection  with  the  respiratory  muxous  membrane,  as  was  supposed  by 
Arnold ;  and  so  soon  as  discoverable,  it  is  found  to  be  i^erfectly  distinct  from 
the  thyi-oid  body.  At  inteiwals  along  the  sides  of  this  tube  or  capsule,  small  pro- 
jections bud  out,  and  these  go  on  subsequently  branching  out  into  groups  of  t^^'O 
or  fotu', — the  fonnation  of  the  pennanent  follicles  being  merely  the  last  repeti- 
tion of  this  process.  In  the  human  foetus  at  the  seventh  week,  the  thymus  is 
bi-lobed  below  but  still  single  above  ;  at  about  the  ninth  week,  it  consists  of  two 
minute  elongated  parallel  parts,  lying  chiefly  on  the  upper  part  of  the  pericar- 
dium ;  at  the  twelfth  week  it  is  already  comparatively  broad,  and  its  sui-face  is 
entirely  covered  with  lobules  ;  it  then  increases  rapidly  until  bii-th,  but  not  mth 


Fig.  200. — Transverse  Section  of 
A  Lobule  oy  an  Injected  Infan- 
tile Thymus  Gland  (from  Kol- 
liker).     Magnified, 

a,  capsule  of  connective  tissue  sur- 
roiindiijg  the  lobule  ;  h,  h,  follicles  ; 
c,  cleft  in  the  centre  of  the  lobule, 
probably  produced  by  the  shrinking 
away  of  the  soft  follicular  substance  ; 
from  it  the  blood-vessels  are  seen  to 
extend  towards  and  ramify  in  the 
spheroidal  folUcles. 


*  In  some  animals  the  arterial,  as  well  as  the  venous,  branches  are  found  at  the 
periphery  of  the  folhcles,  to  near  the  centre  of  which  the  capillaries  converge  (as  in 
Payer's  patches). 
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uniform  rapidity,  for  it  gi-ows  especially  duiing  the  seventh,  eighth,  and  ninth 
months  of  intra-uterine  existence. 

After  birth,  the  thymus,  as  already  stated,  continues  to  gi-ow  until  near  the  end 
of  the  second  year.  According  to  the  observations  of  Haugstedt  and  Simon,  it 
appears  for  a  short  time  after  birth  to  increase  in  weight  not  merely  absolutely, 
but  even  faster  than  the  rest  of  the  system,  and  during  the  next  period  only  to 
keep  pace  with  the  increase  of  the  body.  After  the  second  year  it  ceases  to  gi-ow, 
and  becomes  gradually  converted  by  the  eighth  or  twelfth  year  into  a  fatty  mass, 
the  corpuscles  disappearing  or  becoming  developed  into  the  cells  of  adipose  tissue. 
At  puberty  the  thymus  is  generally  reduced  to  a  mere  vestige  which  has  entirely 
lost  its  original  structure,  and  consists  of  brownish  tissue  occupying  the  upper 
part  of  the  anterior  mediastinum.  OccasionaUy  it  is  still  found  in  good  condi- 
tion at  the  twentieth  year ;  but  generally  only  traces  of  it  remain  at  that  time, 
and  these  are  rarely  discoverable  beyond  the  twenty-fifth  or  thu-tieth  year. 

The  thymus  gland  presents  no  difference  in  the  two  sexes,  and  exists,  according 
to  Simon,  in  all  animals  breathing  by  lungs.  It  appears  in  all  to  become  even- 
tually transformed  into  a  mass  of  fat. 


OEGANS  OF  DIGESTION. 

The  digestive  apparatus  consists  mainly  of  the  alimentary  canal,  to- 
gether Avith  various  glands  of  which  it  receives  the  secretions. 

The  alimentary  canal  commences  at  the  mouth  and  terminates  at 
the  anus.  Its  average  length  is  about  thirty  feet, — about  five  or 
six  times  the  length  of  the  body. 

The  part  situated  in  the  head  and  thorax  consists  of  the  organs  of 
mastication,  insalivation,  and  deglutition,  and  comprises  the  7nouth, 
with  the  teeth,  and  salivary  glands,  the  pharynx,  and  the  msophagus  or 
gullet.  The  part  contained  in  the  abdomen  and  pelvis  consists  of  the 
stomach  and  the  small  and  large  intestine.  The  glands  which  are  most 
intimately  connected  with  digestion  are  very  numerous  small  glan- 
dular organs  situated  in  the  mucous  membrane  of  the  alimentary  canal, 
and  the  larger  glands,  such  as  the  salivary  glands,  pancreas  and  liver, 
whose  ducts  open  on  its  inner  surface. 

THE    MOUTH. 

The  mouth  is  included  between  the  lips  and  the  throat.  Bounded  by 
the  lips,  cheeks,  tongue,  and  the  hard  and  soft  palate,  it  communicates 
behind  with  the  pharynx  through  an  opening  called  VaQ  fauces  (isthmus 
I'aucium).  It  is  lined  throughout  by  a  mucous  membrane,  which  is  of 
a  pink  rosy  hue  during  life,  but  pale  grey  after  death,  and  which  pre- 
sents peculiarities  of  surface  and  structure  to  be  noticed  hereafter. 

The  lips  and  cheeks  are  composed  externally  of  skin,  and  internally  of 
mucous  membrane,  together  with  muscles,  vessels,  and  nerves  fully 
described  in  other  parts  of  this  work,  some  areolar  tissue,  fat,  and 
numerous  small  glands.  The  free  border  of  the  lips  is  protected  by  a 
dry  mucous  membrane,  which  becomes  continuous  with  the  skin,  is 
covered  with  numerous  minute  papillee,  and  is  highly  sensitive.  In 
some  of  these  papillae  nerve-end-bulbs,  approaching  in  character  to 
tactile  corpuscles,  are  found  (see  fig.  101  A,  p.  148),  in  others  coiled 
nerve-fibres  (Kulliker).  On  the  inner  surface  of  each  lip,  the  mucous 
membrane  forms  a  fold  in  the  middle  line,  connecting  the  lip  with  the 
gums  of  the  corresponding  jaw.  These  are  the  frcena  ovfroinula  of  the 
lips  :  that  of  the  upper  lip  is  the  larger. 
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Numerous  small  glands,  called  lah'tal  glands,  are  found  beneath  the 
mucous  membrane  of  the  lips,  around  the  opening  of  the  mouth.  They 
are  situated  between  the  mucous  membrane  and  the  orbicularis  oris 
muscle.  They  are  compound  racemose  glands  of  a  rounded  form,  the 
largest  of  them  not  exceeding  the  size  of  a  split  pea ;  and  they  open 
into  the  mouth  by  distinct  orifices.  Small  sebaceous  glands  also  occur, 
at  least  occasionally,  on  the  part  of  the  red  border  of  the  lips  which  is 
seen  when  the  mouth  is  closed. 

Between  the  buccinator  muscle  and  the  mucous  niembrane  of  the 
cheek  are  the  luccal  glands,  similar  to  the  labial  glands,  but  smaller. 
Two  or  three  glands,  larger  than  the  rest,  found  between  the  masseter 
and  buccinator  muscles,  and  opening  by  separate  ducts  near  the  last 
molar  tooth,  are  called  the  molar  glands.  The  secretion  of  these  glands 
is  understood  to  be  mucus  ;  whether  it  has  any  of  the  specific  properties 
of  saliva  is  not  known.  The  duct  of  the  parotid  gland  also  opens  upon 
the  inner  surface  of  the  cheek,  opposite  to  the  second  upper  molar  tooth. 

Immediately  within  the  lips  and  cheeks,  are  the  dental  arches,  consist- 
ing of  the  teeth,  gums,  and  alveolar  borders  of  the  maxilla.  The  gums 
(gingivae)  are  composed  of  a  dense  connective  tissue,  cohering  ver}^ 
closely  with  the  periosteum  of  the  alveolar  processes,  and  covered  by  a 
red  and  highly  vascular  mucous  membrane,  which  is  smooth  in  its 
general  surface,  but  is  beset  with  fine  papillae  in  the  immediate  vicinity 
of  the  teeth.  The  epithelium  covering  it  is,  like  that  of  the  mouth 
generally,  scaly  and  stratified,  containing  in  the  deeper  layers  numerous 
cells  marked  wath  ridges  and  furrows,  like  those  described  in  the 
epidermis  (p.  211). 

THE     TEETH. 

In  the  human  subject,  as  in  mammalia  generally,  two  sets  of  teeth 
make  their  appearance  in  the  course  of  life,  of  which  the  first  comprehends 
the  temporary,  deciduous,  ot  millc  teeth,  whilst  the  second  is  named  the 
permanent  set.  The  temporary  teeth  are  twenty  in  number,  ten  in 
each  jaw,  and  the  permanent  set  consists  of  thirty -two,  sixteen  above 
and  sixteen  below. 

Deficiencies  in  the  number  of  teeth  sometimes  occui-,  and.  on  the  other  hand,  it  is 
frequently  increased  by  one  or  more  supernumerary  teeth.  These  are  usually 
small,  and  simiale,  and  although  generally  distinct,  they  are  sometimes  attached 
to  other  teeth  :  they  occur  more  frequently  near  the  front  than  the  hinder  teeth, 
and  are  more  often  met  with  in  the  upper  than  in  the  lower  jaw. 

GENEEAL  CHABACTERS  OV    THE  TEETH. 

A  tooth  consists  of  three  portions,  viz.,  one  which  projects  above 
the  gums  and  is  named  the  body  or  crown,  another  fixed  in  the  alveolus 
or  socket,  the  root,  consisting  of  the  fang  ox  fangs — and  a  third,  inter- 
mediate between  the  other  two,  and,  from  being  more  or  less  con- 
stricted, named  the  cervix  or  neck  (fig.  201).  The  size  and  form 
of  each  of  these  parts  vary  in  the  different  kinds  of  teeth. 

The  roots  of  the  teeth  are  accurately  fitted  to  the  alveoli  of  the  jaws, 
in  which  they  are  implanted.  Each  alveolus  is  lined  by  periosteum  (fig. 
201,  4),  which  also  invests  the  contained  tooth  as  high  as  the  cervix. 
This  dental  periosteum,  sometimes  named  the  periodontal  membrane,  is 
said  to  be  richly  supplied  with  nerves.    It  is  blended  with  the  dense 
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tissue  of  the  gums,  wliicli  closely   surrounds  the  neck  of  the  tooth. 
The  fangs  of  all  the  teeth  taper  from  the  cervix  to  the  point,  and  this 

Fig.  201.  Fig.   201. — Vertical  Section 

OF  Pkemolar  of   Cat.     15 
DiAiiETERS  (Waldeyer). 

c,  is  placed  in  the  pulp- 
cavity,  opposite  tlie  cervix  or 
neck  of  the  tooth  :  the  part 
above  is  the  crown,  that  helow 
is  tlie  root  (fang).  1,  enamel 
•vvitli  radial  and  concentric 
markings  ;  2,  dentine  with 
tubules  and  incremental  lines  ; 
3,  cement  or  crusta  petrosa, 
•with  bone  corpuscles  ;  4, 
dental  periosteum ;  5,  bone 
of  lower  jaw. 

form,  together  with  the 
accurate  adjustment  to 
the  alveolus,  has  the 
effect  of  distributing  the 
pressure  during  use  over 
the  whole  socket,  and  of 
preventing  it  from  un- 
duly bearing  on  the 
point  of  the  fang, 
through  which  the  blood- 
vessels and  nerves  enter. 
The  thirty-two  perma- 
nent teeth  consist  of  four 
incisors,  two  canines, 
four  bicuspids,  and  six 
molars  in  each  jaw.  The 
twenty  temporary  teeth 
are  four  incisors,  two 
canines,  and  four  molars 
above  and  below.  There 
are  no  bicuspids  among 
the  temporary  teetli,  the 
eight  deciduous  molars 
precedingeight  bicuspids 
of  the  permanent  set.  The  relative  position  and  arrangement  of  the 
different  kinds  of  teeth  in  the  jaws  may  be  expressed  by  the  following 
formula,  which  also  exhibits  the  relation  bet^veen  the  two  sets  in  these 
respects  : — 


Temporary  teetli 


Permanent  teetli 


IX. 


1 

CA. 
1 


=10 

-    =20 

=  10 


Bt. 

2 


( Upper  2 

( Lovv-er  2 

I.IO.        BI. 

( Upper     3      2 

(Lower     3       2       1-112       3=16 
The  Peumaxent  Teeth. — The  incisors  (fig.  202),  eight  in  num'ber, 
are  the  four  front  teeth  in  each  jaw,  and  are  so  named  from  being 
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adapted  for  cutting  or  dividing  the  food.  Their  crowns  are  chisel- 
shaped  {c),  and  have  a  sharp  horizontal  cutting  edge,  which  by  con- 
tinued use  is  bevelled  off  behind 
in  the  upper  teeth,  but  in  the 
lower  ones  is  worn  down  in  front, 
where  it  comes  into  contact  with 
the  over-lapping  edges  of  the 
upper  teeth.  Before  being  sub- 
jected to  wear,  the  horizontal 
edge  of  each  incisor  is  marked 
by  three  small  prominent  points, 
separated  by  two  slight  notches 
{fig.  202,  d).  The  anterior  sur- 
face of  the  crown  is  slightly 
convex,  and  the  posterior  con- 
cave. The  fang  is  long,  single, 
conical,  and  compressed  at  the 
sides,  where  it  sometimes  though 
rarely  presents  a  slight  longitu- 
dinal furrow  (as  in  c). 

The  lower  incisor  teeth  are 
placed  vertically  in  the  jaw,  but 
the  corresponding  upper  teeth 
are  directed  obliquely  forwards. 
The  upper  incisors  are,  on  the 
whole,  larger  than  the  lower  ones. 
Of  those  in  the  upper  jaw  the 
central  incisors  are  the  larger  ; 
but  in  the  lower  jaw,  the  central 
incisors  are  the  smaller,  and  are, 
indeed,  the  smallest  of  all  the 
incisor  teeth. 

The  canine  teeth,  (fig.  2G3), 
four  in  number,  are  placed  one 
on  each  side,  above  and  below,  next  to  the  lateral  incisors.  They  are 
larger  and  stronger  than  the  incisor  teeth.  The  croivn  is  thick  and 
conical,  convex  in  front  and  hollowed  behind,  and  may  be  compared 
to  that  of  a  large  incisor  tooth  the  angles  of  which  have  been  removed, 
so  as  to  leave  a  single  central  point  or  cus}),  whence  the  name  cuspidate 
applied  to  these  teeth.  The  point  always  becomes  worn  down  by  use. 
The  faj^g  of  the  canine  teeth  is  single,  conical,  and  compressed  at 
the  sides  :  it  is  longer  than  the  fangs  of  any  of  the  other  teeth,  and  is 
so  thick  as  to  cause  a  corresponding  prominence  of  the  alveolar  arch  : 
on  the  sides  it  is  marked  by  a  groove,  an  indication,  as  it  were,  of  the 
cleft  or  division  which  appears  in  the  teeth  next  behind. 

The  upper  canines,  popularly  called  the  eye-ieetli,  are  larger  than  the 
iower,  and  in  consequence  of  this,  as  well  as  of  the  greater  Avidth  of  the 
upper  range  of  incisors,  they  are  thrown  a  little  farther  outwards  than 
the  lower  ones.  In  the  dog-tribe,  and  in  the  carnivora  generally,  these 
teeth  acquire  a  great  size,  and  are  fitted  for  seizing  and  killing  prey, 
and  for  gnawing  and  tearing  it  when  taken  as  food. 

The  bicuspids,  also  called  premolars,  are  four  in  each  jaw  ;  they 
are   shorter  and   smaller  than  the  canines,  next  to  which  they  are 


Fig.  202. — Incisor  Teeth  of   the  Upper 
AND  Lower  Jaws. 

a,  front  view  of  the  upper  and  lower 
middle  incisors  ;  h,  front  view  of  the  upper 
and  lower  lateral  incisors  ;  c,  lateral  view 
of  the  upper  and  lower  middle  incisors, 
showing  the  chisel  shape  of  the  crowm  ; 
a  groove  is  seen  marking  slightly  the  fang 
of  the  lower  tooth ;  d,  the  upper  and 
lower  middle  incisor  teeth  before  they  have 
been  worn,  showing  the  three  points  on 
the  cutting  edge. 
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jilaced.     The  crotvn  is 
not  only   on   its   outer 


Fiff.  203. 


Fig.  203.— Canine  Tooth  of 

THE    UlTEE,    JaaV. 

a,  front  view ;  h,  lateral 
view,  showing  the  long  fang 
grooved  on  the  side. 

The  molar  teeth  (fig, 
twelve  in  number,  and  ar 


compressed  antero-posteriorly,  and  is  convex, 
or  labial  surface,  like  the  preceding  teeth, 
but  on  its  inner  surface  also,  which  rises 
vertically  from  the  gum :  it  is  broader  than 
that  of  an  incisor  or  canine  tooth,  and 
is  surmounted  by  two  pointed  tubercles  or 
cusps,  of  which  the  external  one  is  larger 
and  higher  than  the  other.  The  fang  is 
similarly  compressed,  and  is  deeply  grooved 
in  all  cases,  showing  a  tendency  to  become 
double.  The  apex  of  the  fang  is  generally 
bifid,  and  in  the  second  upper  bicuspid  the 
root  is  often  cleft  for  a  considerable 
distance ;  but  the  bicuspid  teeth  are  very 
variable  in  this  respect,  and  may  be,  all 
four,  free  from  any  trace  of  bifidity  of  the 
root.  The  upper  bicuspids  are  larger  than 
the  lower  ones,  and  their  cusps  are  more 
deeply  divided.  Sometimes  the  first  lower 
bicuspid  has  only  one  tubercle  distinctly 
marked,  i.e.,  the  external,  and  in  that  case 
approaches  in  figure  to  a  canine  tooth. 
205),  true  or  large  molars,  or  grinders,  are 
e  arranged  behind  the  bicuspid  teeth,  three  on 
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Fig.  204. — FiKST  BicnspiD  Tooth  of  the  Upper   and  Lower  Jaws. 

a,  front  view  ;    h,  lateral  view,    showing   the  lateral  groove  of  the   fang,    and  the 
tendency  in  the  upper  to  division. 

Fig.  205. — First  Molar  Tooth  op  the  Upper  and  Lower  Jaws. 
They  ai-e  viewed  from  the  outer  aspect. 

each  side,  above  and  below.     They  are  distinguished  by  the  large  size 
of  the  crown,  and  by  the  great  width  of  its  grinding  surface.   The  first 
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molar  is  the  largest,  and  the  third  is  the  smallest,  in  each  range,  so 
as  to  produce  a  gradation  of  size  in  these  teeth.  The  last  of  the 
range,  owing  to  its  late  appearance  through  the  gum,  is  called  the 
unsdom-tootli,  dens  sapientite.  The  crowns  of  the  molar  teeth  are  low 
and  cuboid  in  their  general  form.  Their  outer  and  inner  surfaces  are 
convex,  but  the  crowns  are  rather  flattened  before  and  behind.  The 
grinding  surface  is  nearly  square  in  the  lower  teeth,  and  rhomboidal  in 
the  upper,  the  corners  being  rounded  off ;  it  bears  four  or  five  trihedral 
tubercles  or  cusps  (whence  the  name  muUicuspidati),  separated  from 
each  other  by  a  crucial  depression.  The  upper  molars  have  four  cusjds 
situated  at  the  angles  of  the  masticating  surface  ;  of  these  the  anterior 
internal  cusp  is  the  largest,  and  is  frequently  connected  with  the 
posterior  external  cusp  by  a  low  oblique  ridge.  In  the  upper  wisdom- 
teeth,  the  two  internal  cusps  are  usually  blended.  The  crowns  of  the 
lower  molars,  which  are  larger  than  those  of  the  upper,  have  five  cusps, 
the  additional  one  being  placed  between  the  two  posterior  ones,  and 
rather  to  the  outer  side ;  this  is  especially  evident  in  the  lower  wisdom- 
teeth,  in  which,  however,  the  crown  is  smaller  and  rounder  than  in 
the  others.  The  fangs  of  the  molar  teeth  are  multiple.  In  the  two 
anterior  molars  of  the  iqjjMr  jaw,  they  are  three  in  number,  viz., 
two  placed  externally,  which  are  short,  divergent,  and  directed  towards 
the  antrum  of  the  superior  maxilla  ;  and  a  third  or  internal  fang, 
Avhich  is  larger  and  longer,  and  is  directed  towards  the  palate,  its 
posterior  border  extending  as  far  back  as  that  of  the  posterior  external 
fang.  This  third  fang  is  often  slightly  grooved,  especially  when  the 
two  internal  cusps  of  the  crown  are  very  distinct,  and  sometimes  it  is 
divided  into  two  smaller  fangs.  The  two  anterior  molars  of  the  lower 
jaw  have  each  two  broad,  compressed  fangs,  one  anterior,  the  other 
posterior,  which  are  grooved  on  the  faces  that  are  turned  towards  each 
other,  as  if  each  consisted  of  two  fangs  fused  together  ;  they  have 
an  inclination  or  curve  backwards  in  the  jaw,  and  are  slightly  divergent, 
but  sometimes  parallel,  or  even  nearly  in  contact  with  each  other ;  more 
rarely  one  or  both  of  them  is  divided  into  two  smaller  fangs.  In  the 
wisdom-teeth  of  both  jaws  the  fangs  are  often  collected  into  a  single 
irregular  conical  mass,  which  is  either  directed  backwards  in  the  substance 
of  the  jaw,  or  curved  irregularly  ;  this  composite  fang  sometimes  shows 
traces  of  subdivision,  and  there  ai'e  occasionally  two  fangs  in  the  lower 
tooth  and  three  in  the  upper. 

The  bicuspid  and  the  molar  teeth,  from  the  breadth  and  uneven 
character  of  their  masticating  sm'face,  are  fitted  for  bruising,  crushing, 
and  grinding  the  food. 

The  range  of  teeth  in  each  jaw  forms  a  nearly  uniform  curve,  which 
is  not  broken  by  any  interval,  as  is  the  case  in  many  animals,  even 
in  the  Quadrumana.  The  upper  dental  arch  is  rather  wider  than 
the  lower  one,  so  that  the  teeth  of  the  upper  jaw  slightly  over- 
hang those  of  the  lower.  This  is  owing  principally  to  the  fact  that 
the  lower  teeth  are  placed  either  vertically,  as  in  front,  or  are 
inclined  somewhat  inwards,  as  is  seen  behind  and  at  the  sides,  while 
the  corresponding  teeth  of  the  upper  jaw  have  an  inclination  forwards 
in  front,  and  outwards  behind.  While  there  is  a  slight  diminution  in 
the  height  of  the  crowns  of  the  teeth  from  the  incisors  backwards  ta 
the  wisdom-teeth,  there  is  in  man  no  abrupt  change  of  level  along  the 
range.     In  consequence  of  the  large  proportionate  breadth  of  the  upper 
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central  incisors,  the  otlier  teeth  of  the  upper  jaw  are  thrown  somewhat 
outwards,  so  that  in  closure  of  the  jaws  the  canines  and  bicuspids  come 
into  contact  partly  with  the  corresponding  lower  teeth,  and  partly  with 
those  next  following ;  and  in  the  case  of  the  molars,  each  cusp  of  the 
upper  lies  behind  the  corresponding  cusp  of  the  lower  teeth.  Since, 
however,  the  upper  molars  and  especially  the  wisdom-teeth  are  smaller 
than  those  below,  the  dental  ranges  terminate  behind  nearly  at  the 
same  point  in  both  jaws. 

The  Milk-teeth  (fig.  206). — The  temporary  incisor  and  canine  teeth 
resemble  those  of  the  permanent  set  in  their  general  form  ;  but  they 
are  of  smaller  dimensions.  The  temporary  molar  teeth  present  some 
peculiarities.  The  hinder  of  the  two  is  much  the  larger ;  it  is  the 
largest  of  all  the  milk-teeth,  and  is  larger  even  than  the  second  per- 
manent bicuspid,  which  it  afterwards  gives  place  to.  The  first  upper 
milk  molar  has  only  three  cusps,  two  external  and  one  internal  ;  the 
second  has  four.  The  first  lower  temporary  molar  has  four  cusps,  and 
the  second  five,  of  which  in  the  latter  case  three  are  external.    The 

Fig.  206. 


Fig.  206. — Milk  Teeth  op  the  Eight  Side  of  the  Upper  a'sd  Lower  Jaws. 
a,  tlie  incisors  ;  b,  the  canines ;  c,  the  molar  teeth. 

fanffs  of  the  temporary  molars  resemble  those  of  the  permanent  set,  but 
they  are  smaller,  and  are  more  divergent  from  the  neck  of  the  tooth. 
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On  making  a  section  of  a  tooth,  the  hard  substance  of  which  it  is 
composed  is  found  to  be  hollow  within  (fig.  207).  The  form  of  the 
cavity  bears  a  general  resemblance  to  that  of  the  tooth  itself ;  it 
occupies  the  interior  of  the  crown,  is  widest  opposite  to  or  a  little 
above  the  neck,  and  extends  down  each  fang,  at  the  point  of  which 
it  opens  by  a  small  orifice.  In  the  incisor  teeth  the  cavity  is  prolonged 
above  into  two  fine  linear  canals,  which  proceed  one  to  each  corner  of 
the  cro-\vn  ;  in  the  bicuspid  and  molar  teeth  it  advances  a  short 
distance  into  each  cusp.  In  the  case  of  a  root  formed  by  the  blending 
of  two  or  more  fangs,  as  occurs  occasionally  in  the  wisdom-teeth,  each 
di\dsion  has  a  separate  canal  prolonged  down  to  its  apex. 

Pulp  of  the  teeth. — The  central  cavity  of  a  tooth  is  called  the 
;pul-l)  cavil]/,  because  it  is  occupied  and  accurately  filled  by  a  soft,  highly 
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Fig.    207. — Sections  op  an   Incisor 
AND  Molar  Tooth. 

Tlie  longitudinal  sections  show  the 
whole  of  the  pulp-cavity  in  the  incisor 
and  molar  teeth,  its  extension  upwards 
within  the  crown,  and  its  prolongation 
downwards  into  the  fangs  with  the 
small  aperture  at  the  point  of  each  ; 
these  and  the  cross  section  show  the 
relation  of  the  dentine  and  enamel. 


vascular,  and  sensitive  substance,  called  the  dental  pulp.  This  pulp  con- 
sists of  jelly-like  connective  tissue  containing-  fine  filaments  of  the  -white 
variety,  nucleated  cells,  blood-vessels 
and  nerves.  The  cells  are  partly 
disseminated  in  the  soft  mass  and 
partly  form  a  stratum  at  the  surface 
of  the  pulp,  -^'here  they  are  elongated, 
some-R'hat  like  the  cells  of  columnar 
epithelium  (see  fig.  220,  c,  p.  318). 
On  extraction  of  the  pulp  from  the 
cavity  of  the  tooth,  this  layer  usually 
remains  adherent  to  the  hard  tissue, 
and  has  been  named  the  memhrana 
eloris.  The  oblong  cells  composing 
it  {odontoblasts)  send  processes  into 
tubules  in  the  dentine,  to  be  after- 
wards noticed,  of  -which  more  than 
one  may  come  from  the  same  cell  ; 
lateral  offsets,  according  to  Waldeyer, 
proceed  to  join  adjacent  cells,  and 
radical  processes  connect  the  super- 
ficial cells  Avith  others  lying  deeper 
in  the  pulp.  The  arteries  and  nerves,  -u^hich  are  derived  from  the 
internal  maxillary  and  fifth  pair  respectively,  enter  by  the  aperture 
at  the  point  of  each  fang.  The  vessels  form  a  capillary  network 
beneath  the  superficial  cells  ;  the  nerves,  as  described  by  Boll  in  the 
rabbit's  incisor,  end  in  fine  non-medullated  fibres  -u'hich  are  distributed 
abundantly  at  the  surface  of  the  pulp  and  run  up  between  the  sujDerficial 
cells.  Some  appear  to  take  the  direction  of  those  cell-processes  which 
enter  the  hard  tissue,  but  they  have  not  with  certaint}^  been  traced  into 
the  dentinal  tubules. 

Hard  tissues  of  tke  teetli. — The  hard  part  of  a  tooth  is  composed 
of  three  distinct  substances, — viz.,  the  proper  dental  substance,  ivory 
or  dentine,  the  enamel,  and  the  cement  or  crusta  petrosa.  The  dentine 
constitutes  by  far  the  larger  portion  ;  the  enamel  is  found  only  upon 
the  exposed  part  or  crown ;  and  the  cement  covers  with  a  thin  layer  the 
surface  of  the  implanted  portion  or  fang. 

The  dentine  (Owen,)  forming  the  principal  mass  or  foundation 
of  the  body  and  root  of  a  tooth,  gives  to  both  of  these  parts  their 
general  form,  and  immediately  encloses  the  central  cavity.  It  resem- 
bles very  compact  bone  in  its  general  aspect  and  chemical  relations,  but 
is  not  identical  with  it  in  structure,  or  in  the  exact  proportions  of  its 
earthy  and  animal  constituents. 

According  to  the  analyses  of  Berzelius  and  Bibra,  the  dentine  of 
human  teeth  is  composed  of  28  parts  per  cent,  of  animal,  and  72  of 
earthy  matter.  The  former  is  resolvable  into  gelatin  by  boiling. 
The  composition  of  the  latter,  according  to  Bibra,  is  as  follows,  viz., 
phosphate  of  lime  66*7  per  cent.,  carbonate  of  lime  3 "3,  phosphate  of 
magnesia  and  other  salts,  including  a  trace  of  fluoride  of  calcium,  1*8. 
Berzelius  found  5*3  carbonate  of  lime. 

The  dentine  is  penetrated  throughout  by  fine  tubes,  which  being 
nearly  parallel  give  it  a  striated  aspect  (fig.  201).  When  a  thin  section 
is  viewed  under  the  microsco  ie  by  transmitted  light,  the  solid  sub- 
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stance,  or  matrix,  is  transparent  and  apparently  homogeneous,  while 
the  tubes,  being  (in  a  dried  specimen)  filled  with  air,  are  dark  :  but  when 
seen  with  reflected  light  on  a  dark  ground  the  latter  appear  white  ;  in 
these  respects  they  resemble  lacunse  and  canaliculi  of  bone. 

The  dentinal  tubules  open  at  their  inner  ends  into  the  pulp-cavity, 
which  presents  very  numerous  minute  orifices  over  the  whole  surface. 
Thence  they  pass  in  a  radiated  manner  through  every  part  of  the  ivory 
towards  its  periphery.  In  the  upper  part  of  the  crown  they  have  a 
vertical  direction ;  but  towards  the  sides,  and  in  the  neck  and  root, 
they  become  gradually  oblique,  then  horizontal,  and  are  finally  even 
inclined  downwards  towards  the  point  of  the  fang.  The  tubules 
describe  in  their  course  two  or  three  gentle  curves  {i^rimmij  curvatures, 
fig.  201),  and  each  is  besides  twisted  throughout  its  whole  length 

into  numerous  fine  spiral  turns,  which 
follow  more  closely  one  upon  another  ; 
these  are  the  secondary  curvatures 
(fig.  208).  In  form  a  tubule  may 
accordingly  be  likened  to  the  thread 
of  a  corkscrew,  stretched  so  that  the 
turns  are  drawn  far  apart,  and  their 
breadth  proportionally  diminished 
(Welcker). 

The  tubes  are  only  slightly  di- 
vergent as  they  pass  towards  the  sur- 
face ;  and,  as  they  divide  several 
times  dichotomously,  and  at  first  with- 
out being  much  diminished  in  size, 
they  continue  to  occupy  the  sub- 
stance of  the  dentine  at  almost  equal 
distances,  and  their  nearly  parallel 
primary  curvatures  produce,  by  the 
manner  in  which  they  reflect  the 
light,  an  appearance  of  concentric 
undulations  in  the  dentine,  which 
may  be  well  seen  with  a  low  magni- 
fying power  {ScJireger's  lines).  The 
average  diameter  of  the  tubules  at 
their  inner  and  larger  ends  is  ^^Vo^l^ 
of  an  inch,  and  the  distance  between 
adjacent  tubules  is  commonly  about 
two  or  three  times  their  Avidth. 
From  their  sides  numerous  immeasur- 
ably fine  branches  are  given  off, 
which  penetrate  the  hard  intertubu- 
lar  substance,  where  they  either  anas- 
tomose or  terminate  blindl3^  These 
lateral  ramuscules  are  said  to  be  more 
abundant  in  the  fang.  Near  the  peri- 
phery of  the  ivory  they  are  very 
numerous,  and,  together  with  the 
main  tubules  themselves,  which  there 
by  rapid  division  and  subdivision^ 
also  become  very  fine,  terminate  imperceptibly  by  free  ends,  or  by  join- 


Fig.  208. —Section  of  Fang,  Faral- 
LEii  TO  THE  Dentinal  Tubxiles 
(Human  Canine).  Magnified  300 
DIAMETERS.      (Waldejer). 

1,  cement,  with  large  tone-laciinse 
and  indications  of  lamellse  ;  2,  granular 
layer  of  Purkin  je  (interglobular  spaces) ; 
3,  dentinal  tubules. 
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ing  together  in  loops,  or  in  the  interglobular  cavities  shortly  to  be 
described. 

The  tubules  are  described  as  having  each  a  proper  wall,  independent 
of  the  intertubular  matrix,  but  intimately  adhering  to,  and  under  ordi- 
nary circumstances  indistinguishable  from  it.  This  wall,  named  the 
dental  or  dentinal  sheath,  is  formed  of  a  calcified  membranous  tube.* 
By  steeping  sections  of  decalcified  dentine  in  strong  hydrochloric  acid, 
the  matrix  is  destroyed,  and  the  membranous  tubes,  which  consist  of  a 
more  resisting  material  (probably  elastic  substance),  remain  behind. 
In  sections  of  hard  dentine  made  across  the  tubules  (fig.  209),  the  walls 
of  these  often  appear  as  a  distinct  thin  border  :  this  may,  however,  be 
due  to  an  optical  effect. 

In  properly  prepared  sections  of  softened  teeth  fine  processes  may  be 
seen  passing  into  the  tubules  from  the  surface-cells  of  the  pulp  before- 
mentioned  ;  and  it  is  suggested  by  Tomes  that  these  are  not  only 
subservient  to  the  nutrition  of  the  dentine,  but  probably  also  confer  on 
it  a  certain  degree  of  sensibility.    It  has  been  ^ 

noticed,    indeed,   that  the  dentine  is  more  ^^"  "    ' 

sensitive  near  the  surface  than  deeper  in  its  /=l?Ki^ 

substance, — a  fact  not  easily  intelligible  on  /.v.'iflili, 

the  supposition    that  the  sentient  tissue  is  -  /-jV'Ss;3s-= 

confined  to  the  pulp-cavity.  But  the  sensibility 
of  the  teeth  may  not  improbably  be  in  part 
dependent  on  the  nerves  in  the  dental 
periosteum  (Salter). 

^     ,  ,  ,.  .    ,,  Fig.  209.— Sections  OF  Den- 

In  the  temporary,  and  sometimes  even  m  tlie  per-  tinal  Tubules  (after 
manent  teeth,  the  tubules  are  constricted  at  short  Fraenkel). 

intervals,  so  as  to  present  a  monilifonn  character.  ^  ?        j.     i 

rm      ,        •     1  1  f         £  X  1    1  •       n  «.   cut   across :    0,   cut  ob- 

Tlie  terminal  branches  or  tubules  are  occasionally      KQ^giy         (About    "00    dia- 
seen    to  pass    on   into  the   cement   which    covers      meters) 
the    fang,   and   to    communicate  "with     canaliculi 

proceeding  from  the  characteristic  lacunar  found  in  that  osseous  layer.  Tu- 
bules have  likewise  been  cbsei-ved  by  Tomes  passing  into  the  enamel  in  the 
teeth  of  marsupial  animals,  and  in  a  less  marked  degree  in  hmnan  teeth. 

The  mtertuhular  substance  is  translucent.  The  animal  matter  which 
remains  in  it,  after  the  earth  has  been  removed  by  an  acid,  exhibits 
a  tendency  to  tear  in  the  direction  of  the  tubules,  but  is  in  reality  a 
homogeneous  substance,  deposited  in  a  laminated  manner.  This  was 
shown  by  Sharpey,  who  observed  that  in  the  softened  teeth  of  the 
cachalot  or  sperm-whale  the  animal  substance  was  readily  torn  into  fine 
lamellffl,  parallel  with  the  internal  surface  of  the  pulp-cavity,  and  there- 
fore across  the  direction  of  the  tubules.  In  these  lamellge  the  sections 
of  the  tubules  appear  as  round  or  oval  apertures,  the  lamellse  having 
the  same  relation  to  the  tubules  as  those  of  true  bone  to  the  canaliculi. 
The  same  tendency  to  lamination  is  exhibited  by  boiling  a  longi- 
tudinal section  of  tooth  with  caustic  potash,  after  which  it  presents 
closely  set,  short,  and  regular  fissures,  lying  at  right  angles  to  the 
tubules,  throughout  the  extent  of  the  dentine  (Cleland)  ;  moreover, 
a  thin  cross-section  of  a  tooth  may  be  broken  up,  after  decalcificatioiij 
into  concentric  rings  like  the  year-rings  of  wood  (Salter). 

*  Some  authorities  maintain  that  the  sheaths  are  not  calcified. 


310 


THE  TEETH. 


This  laminated  structui-e  is  an  indication  of  the  deposition  of  dentinal  substance 
in  successive  strata  in  the  process  of  formation  of  the  tooth— the  laminaj  coiTe- 
sponding  with  the  shape  of  the  pulp-sm-face  at  successive  stages  of  the  process. 
Isot  unfrequently  lines,  varying  in  number  and  breadth,  are  seen  in  sections  of 
the  fully-formed  tooth,  conforming  in  du-ection  with  the  lamination  just  spoken 


Fig.  211. 


A   /. 


Fig.  210. — Vertical  Section  op  the  Upper  Part  of  an  Incisor  Tooth  (from  Kolliker). 
Magnified  7  Diameters. 

a,  the  pulp-cavity ;  i,  dentine  ;  c,  arched  incremental  lines  ;  d,  cement ;  e,  enamel 
"vvith  bands  indicating  the  direction  of  the  ranges  of  fibres  ;  /,  coloured  lines  of  the 
enamel. 

Fig.   211. — A  Small  Portion   of  the  Dentine  with  Interglobular    Spaces    (from 
Kolliker).     350  Diameters. 
i,  the  tubules  ;  c,  portion  of  incremental  line  formed  by  the  interglobular  spaces,  which 
are  here  filled  up  by  a  transparent  material. 


of  (fig.  210,  c).  They  are  caused  by  imperfect  calcification  of  the  dentine,  which 
shows  little  cavities  bounded  by,  and  therefore  receiving  their  figure  from,  minute 
nodules  or  globules  of  dentine,  and  hence  named  'hiterglohnlar  spaces  (fig.  211,  <?). 
The  lines  themselves  may  be  termed  "  incremental"  lines  (Salter),  as  they  repre- 
sent stages  of  deposition  of  the  dentine.  The  term  "  contour  lines,"  which  has 
been  applied  to  them,  is  inappropriate,  inasmuch  as  they  intersect  the  contour 
of  the  tooth.  The  interglobular  spaces,  and  the  globules  sui-rounding  them,  vary 
in  size  within  wide  limits.  A  layer,  in  which  they  are  very  fine — granular  layer  of 
Purkinje  (fig.  208,  2)— is  not  uncommonly  found  towards  the  surface  of  the  fang 
beneath  the  cement,  and  sometimes  in  the  crown  beneath  the  enamel :  and  it  may 
be  noticed  that  the  more  superficial  of  the  incremental  lines  are  continued 
into  this  layer  (see  fig.  201). 
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The  enamel  is  that  hard  white  covering  which  encrusts  and  pro- 
tects the  exposed  portion  or  crown  of  a  tooth.  It  is  the  hardest  of  all 
the  dental  tissues,  but  is  gradually  worn  down  by  protracted  use.  It 
is  thickest  on  the  grinding  surface  and  cutting  edge  of  the  teeth,  and 
becomes  gradually  thinner  towards  the  neck,  where  it  ceases.  Its 
extent  and  thickness  are  readily  seen  on  charring  the  tooth,  by  which 
the  dentine  becomes  blackened,  whilst  the  enamel,  owing  to  the  very 
small  quantity  of  animal  matter  in  its  composition,  remains  white. 
According  to  Bibra  it  contains  of  earthy  constituents  96*5  per  cent., 
viz.,  phosphate  of  lime  with  traces  of  fluoride  of  calcium  89'8,  carbonate 
of  lime  4-4,  phosphate  ot  magnesia  and  other 
salts  1*3  ;  and  of  animal  matter  only  3*5  per 
cent.  Berzelius,  however,  gives  the  proportion 
of  carbonate  of  lime  as  8,  and  of  animal  matter 
as  only  2  per  cent. 

The  enamel  is  made  up  entirely  of  very  hard 
and  dense  microscopic  fibres  or  prisms,  ar- 
ranged closely  together,  side  by  side,  and  set 
by  one  extremity  upon  the  subjacent  surface 
of  the  dentine  (fig.  212).  The  fibres  are 
disposed  in  ranges  which  are  set  vertically 
on  the  grinding  surface,  but  on  the  sides  of 
the  crown  get  more  and  more  horizontal.  ISTear 
the  dentine  the  fibres  cross  one  another  in  the 
alternate  ranges,  but  become  more  parallel  as 
they  approach  the  surface  of  the  tooth  ;  from 
this  intercrossing  the  ranges  appear  on  a 
section  as  alternate  light  and  dark  stripes 
passing  through  the  enamel  from  its  inner  to 
its  outer  surface  (as  in  figs.  201  and  210). 
This  is  no  doubt  owing  to  the  manner  in  which 
the  different  strata  affect  the  light.  A  series 
of  concentric  lines  is  likewise  to  be  seen 
crossing  the  enamel  fibres  :  these  are  termed 
coloured  lines  irom  their  brown  appearance,  but 
whether  caused  by  pigmentary  deposit  or 
otherwise  is  unascertained.  Minute  fissures  not 
unfrequently  exist  in  the  deep  part  of  the 
enamel,  which  run  between  clusters  of  the 
fibres  down  to  the  suriace  of  the  dentine  (fig. 
212,  c)  ;  and  other  much  larger  and  more 
evident  fissures  are  oiten  observed  leading 
down  from  the  depressions  or  crevices  between 
the  cusps  of  the  molar  and  premolar  teeth. 
The  unworn  surface  of  the  enamel  is  marked 
by  concentric  ridges,  Avhich  may  be  distin- 
guished with  a  common  magnifying  glass. 

The  enamel-fibres  (fig.  213)  have  the  form 
of  solid  six-sided  prisms.     Their  diameter  is 

ordinarily  about  --^^^y^th  of  an  inch.  They  are  marked  at  small  intervals 
by  dark  transverse  lines.  The  inner  ends  of  the  prisms  are  implanted 
in  minute  hexagonal  depressions  found  on  tlie  surface  of  the  dentine  ; 
whilst  the  outer  ends,  somewhat  larger  in  diameter,  are   free,  and 


Fig.  212. — Thin  Section 
OP  THE  Enamel  and  a 
Part  of  the  Dentine 
(from      Kolliker).       350 

IDlAMETERS. 

a,  ciTticular  pellicle  of 
the  enamel  ;  1),  enamel- 
fibres  or  columns  ■witK 
fissures  between  them  and 
cross  strias;  c,  clefts  in  the 
enamel  communicating  with 
the  extremities  of  some  of 
the  tubuli  {d). 
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present,  when  examined  with  a  high  magnifying  power,   a  tesselated 
appearance  (fig.  213,  b). 

Fig.  213. 


213. — Enamel  Fibres  (from  Kolliker).     350  Diameters. 

A,  fragments  and  single  fibres  of  the  enamel,  isolated  by  the  action  of  hydrochloric  acid. 

B,  surface  of  a  small  fragment  of  enamel,  sho\ying  the  hexagonal  ends  of  the  fibres. 

When  submitted  to  the  action  of  dilute  acids,  the  enamel  is  almost 
entirely  dissolved,  and  leaves  scarcely  any  discernible  traces  of  animal 
matter.  By  the  action  of  an  acid,  the  enamel  of  newly  formed  or  still 
growing  teeth  may  be  broken  up,  and  its  structural  elements  more 
easily  distinguished. 

It  is  further  found,  on  treatment  with  acid,  that  a  very  thin  mem- 
brane called  by  Kolliker  "  cuticle  of  the  enamel," — and  by  Busk  and 
Huxley  "  Nasmijili's  memdrcme  "  entirely  covers  the  enamel  of  unworn 
teeth  upon  its  outer  surface  (fig.  212,  a).  This  membrane  forms  a  pro- 
tective covering  to  the  enamel.  It  is  of  an  epithelial  and  horny 
nature,  and  obstinately  withstands  prolonged  boiling  with  water  as 
well  as  the  action  of  acids  and  other  re-agents. 

The  crusta  petrosa  or  cement  (fig.  201,  3)  is  the  third  sub- 
stance which  enters  into  the  formation  of  the  teeth.  This  is  a  layer 
of  true  bone,  slightly  modified  in  structure,  and  investing  that  part  of 
the  dentine  which  is  not  protected  by  the  enamel.  It  covers  the  whole 
fang,  towards  the  lower  end  of  which  it  becomes  gradually  thicker, 
and  is  specially  developed  at  the  apex,  and  along  the  grooves  of  the 
compound  fangs.  As  life  advances,  the  cement  generally  grows  thicker, 
especially  near  the  point  of  the  fang,  where  it  sometimes  blocks  up  the 
orifice  leading  to  the  pulp-cavity. 

The  crusta  petrosa  is  lamellar  in  structure,  and  contains  ]acuna3  and 
canaliculi  resembling  those  of  bone  but  larger  and  more  irregular  (fig. 
208, 1).  In  the  deeper  layers  of  the  cement  the  fine  canaliculi  sometimes 
anastomose  with  some  of  the  terminal  tubules  of  the  subjacent  dentine, 
as  already  stated.  Where  the  cement  is  very  thick  it  may  contain  vascu- 
lar canals,  analogous  to  the  Haversian  canals  of  bone.  On  the  deciduous 
teeth  the  cement  is  thinner,  and  contains  fewer  cells.  It  has  been 
shown  by  Sharpey  that  perforating  fibres,  similar  to  those  of  ordinary 
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bone,  run  abundantly  through  the  cement.  In  chemical  composition  it 
resembles  bone,  and  contains  30  per  cent,  of  animal  matter.  The 
cement  is,  according  to  some,  extremely  sensitive  at  the  neck  of  the 
tooth,  if  it  be  exposed  by  retraction  of  the  gum.  This  is  probably  due 
to  the  nerves  of  its  periosteal  covering.  By  its  connection  with  the 
surrounding  membranous  structures  it  contributes  to  fix  the  tooth  in 
the  socket.  It  is  the  seat  of  the  bony  growths  or  exostoses  sometimes 
found  upon  the  teeth. 

FORMATION   OF   THE    TEETH. 

A  tooth  is  formed  on  the  same  fundamental  type  of  development  as  a 
hair.  In  the  latter  case  a  process  grows  down  from  the  Malpighian 
layer  of  the  epidermis  into  the  subjacent  cutaneous  corium,  in  which  a 
depression  is  simultaneously  produced  for  its  reception.  A  papilla,  soon 
becoming  vascular,  rises  up  from  the  bottom  of  the  depression  into  the 
cellular  mass,  and  the  primitive  tissue  forming  the  wall  of  the  recess  is 
converted  into  the  coats  of  a  follicle.  In  the  formation  of  a  tooth  there 
is  in  like  manner  a  downgrowth  from  the  Malpighian  layer  of  the  oral 
epithelium  (which  corresponds  with  the  epidermis  and  is  derived  from 
the  same  embryonic  layer).  The  cellular  process  is  received  into  a  recess 
of  the  subjacent  mucous  membrane.  In  this  also  a  vascular  papilla 
gi'ows  up  from  the  bottom,  and  the  simple  wall  of  the  cavity  is  differ- 
entiated into  a  vascular  sac  or  follicle. 

The  first  recognized  steps  in  the  development  of  the  teeth  take  place 
as  early  as  the  seventh  week  of  intra-uterine  life.  At  this  time  the 
oral  epithelium  becomes  thickened  along  the  border  of  the  jaws,  and  its 
Malpighian  layer  grows  down  into  a  corresponding  groove,  which  is 
formed  to  receive  it  in  the  soft  embryonic  tissue  of  which  the  jaw  then 
consists.  The  groove,  although  filled  and  covered  in  by  the  epithelium, 
is  still  faintly  indicated  by  a  shallow  superficial  furrow.  This  down- 
growth  of  epithelium,  which  is  named  the  "  enamel-germ,"  forms 
the  foundation  of  the  special  structures  or  organs  which  generate  the 
enamel  in  the  several  teeth,  and  for  the  sake  of  distinction  may  be 
termed  the  common  enamel-germ.  The  groove,  as  well  as  the 
changes  subsequently  occurring  in  it,  was  observed  by  F.  Arnold  and 
by  Goodsir,  who  named  it  the  "  primitive  dental  groove,"  but  neither 
of  these  observers  appears  to  have  noticed  the  contained  epithelium 
(or  at  least  to  have  recognized  its  importance),  probably  in  conse- 
quence of  its  soft  and  friable  substance  having  been  accidentally  wiped 
away.  The  common  enamel-germ,  simultaneously  with  the  groove,  next 
increases  in  depth,  and,  at  the  same  time,  its  deeper  portion  inclines 
outwards,  forming  an  angle  with  its  more  superficial  part.  It  also  swells 
out  below,  so  that  a  transverse  vertical  section  of  it  is  club  or  flask- 
shaped.  An  increased  development  then  takes  place  at  particular 
points,  corresponding  in  situation  with  the  ten  milk-teeth  ;  and  the 
common  enamel-germ  thus  becomes  parted  in  its  deeper  x^ortion,  or 
extended  by  further  growth,  into  as  many  distinct  aggregations  of  cells, 
or  special  enamel-germs, — one  for  each  tooth — of  a  club  or  flask-shape, 
connected  by  a  narrowed  neck  with  what  remains  of  the  common 
epithehal  ingrowth  (fig.  214,  A,  /).  These  tooth-germs,  as  they  may 
now  be  called,  are  lodged  each  in  its  own  recess,  which  at  this  time 
is  merely  a  pit  in  the  soft  embryonic  tissue,  without  the  membranous 
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coats  -wliieh  afterwards  are  formed.     From  the  bottom  a  papilla  (j;) 
meanwhile  rises,  soon  becoming  vascular,  and  assuming  the  shape  of 


Fiff.  214. 


Pig.  214. — Diagrams  of  the  Mode  or  Origin  of  the  Dental  Germ  in  the 
EuMiNANT  (after  Kolliker). 
The  three  figures  represent  transverse  sections  of  the  gum  and  a  part  of  the  jaw  at  or 
shortly  after  the  period  of  the  formation  of  the  germ,  and  are  designed  chiefly  to  show 
the  relation  o   the  germ  to  the  epithelium. 

A,  represents  a  ven"  early  condition,  when  the  enamel-germ  of  a  milk  or  temporary 
tooth  has  been  formed  by  a  down-growth  of  the  deep  layer  of  the  epithelium. 

B,  represents  a  later  stage,  when  the  tooth-papilla  has  risen  from  the  surface  of  the 
mucous  membrane,  and  has  indented  the  enamel-germ. 

C,  represents  a  more  advanced  stage  in  which  the  dental  sac  has  begun  to  be  formed. 

c,  the  superficial  thick  epithelium  of  the  gum  only  sketched  in  outline  ;  c',  the  deep 
layer  ;/,  the  epithelial  downgrowth  ;  /',  the  special  enamel-germ,  afterwards  (in  B  and 
C)  the  enamel-organ  ;  f,  the  dental  papilla,  and  afterwards  tooth-pulp.  In  B  and  C  a 
clear  space  is  seen  between  the  dental  pulp  and  the  deeper  columnar  cells,  e,  of-  the 
enamel-organ  :  it  is  probably  produced  by  a  shrinking  of  the  soft  parts  away  from  one 
another  ;  s,  the  commencement  of  the  dental  sac  ;  /  p,  the  enamel -germ  of  the  correspond- 
ing permanent  tooth. 
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the  fature  tooth-crown.  It  is  received  into  a  corresponding  dimple  of 
the  enamel-germ,  which  now  comes  to  resemble  in  form  an  inverted 
cup,  and  fits  upon  the  papilla  (fig,  214,  B,/'). 

Goodsir  described  the  process  somewhat  differently.  According  to 
his  account  the  papillfe  first  appear  in  the  bottom  of  the  undivided 
groove,  and  separate  loculi  are  then  formed  for  them  by  partitions 
which  grow  across  its  deeper  part.  They  thus  become  lodged  in  pits 
which  are  partitioned  off  at  the  bottom  of  the  original  groove,  and  this 
.condition  was  termed  by  him  the  follicular  stage.  It  is  represented  in 
fig.  21G,  and  in  diagrammatic  section  in  fig.  215,  N"os.  3  and  4. 

According  to  the  same  observer,  the  order  in  which  the  papillae  appear 
is  very  regular.  That  of  the  anterior  milk  molar  is  the  first  (7th 
■week)  ;  that  of  the  canine  nest  (8th  week)  ;  the  incisor  papilla  next 
(9th  week),  the  central  before  the  lateral ;  and  that  of  the  posterior 
milk  molar  last  (lOth  week).  The  several  papillfB  of  the  upper  jaw 
appear  a  little  earlier  than  the  corresponding  ones  of  the  lower.  The 
groove  is  said  to  become  separated  by  partitions  in  corresponding  order, 
and  the  follicular  stage  to  be  completed  by  the  14th  week.  The  open 
pits  are  next  closed,  and  the  included  enamel-germ  cut  off"  from  connec- 
tion with  the  superjacent  epithelium,  and  finally  the  sides  of  the  groove 

¥vy.  215. 


Eig.  215. — DiAGEAJiMATrc  Outlixes  op  Sections  theotjgh  the  Dental  Geems  ani>- 
Sacs,  at  Diffekent  Stages  of  Development  ^from  Goodsir). 
1,  tLe  primiti^^e  dental  groove  of  the  lower  jaw  cut  across  in  a  fcetus  of  about  six 
weeks  ;  2,  a  papilla  rising  within  the  dental  groove  ;  3,  4,  and  5,  represent  the  folli- 
cular stage  in  which  the  papilla  is  seen  sunk  within  the  follicle,  and  the  lips  of  the 
follicle  ^opercula)  advancing  towards  each  other,  gradually  meet  and  close  in  the 
follicle  ;  5,  may  be  looked  upon  as  representing  the  section  indicated  by  the  line  a  b, 
in  fig.  216,  through  the  sac  of  an  incisor  tooth,  in  which  a  lunated  depression  (c) 
is  left  behind  :  in  6,  the  sides  of  the  groove  are  seen  to  close  ;  in  7,  the  union  of  the 
lips  being  complete,  the  follicle  becomes  a  closed  sac  s,  containing  the  dental  pulp  2^,  and 
having  behind 'it  the  lunated  depression  c,  now  also  enclosed,  and  forming  the  cavity  of 
reserve  for  the  germ  of  the  corresponding  permanent  tooth  ;  in  the  remaining  outlines, 
8  to  12,  are  shown  the  commencement  of  the  cap  of  dentine  on  the  pulp,  the  subsequent 
steps  in  the  formation  of  the  milk  tooth,  and  its  eruption  through  the  gum  (11)  ;  also  the 
gradual  changes  in.  the  cavity  of  reserve,  the  appearance  of  its  papilla,  its  closure  to  form 
the  sac  of  the  permanent  tooth,  its  descent  into  the  jaw,  behind  and  below  the  milk 
tooth,  and  the  long  pedicle  (12)  formed  by  its  upper  obliterated  portion.  The  epithelium 
which  covers  the  gum,  and  also  that  which  occupies  the  dental  follicles  and  sacs,  is  not 
represented  in  these  diagrams. 

above  the  separate  germs  coalesce  in  its  whole  length — the  process 
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beginning  at  the  posterior  end — and  thus  by  the  end  of  the  15th  week 
the  groove  is  obliterated,  and  the  tooth-germs  included  in  shut  sacs  ;  a 
condition  named  by  Goodsir  the  saccular  stage  (fig.  215,  6,  7).  He 
described  the  closing  of  the  pits  as  taking  place  by  the  growth  and 
mutual  union  of  little  lappets  or  opercula  over  their  orifices  (fig.  215, 
4  and  5  ;  fig.  217  o). 

Certain  lunated  depressions,  with  enclosed  epithelium,  which  are 
formed  one  behind  each  of  the  milk-follicles  about  the  fourteenth  week, 
escape  the  general  adhesion  of  the  lips  of  the  groove  (figs.  214,  Q^fy, 
217,  c,  215).  These  are  the  germs  of  the  ten  anterior  permanent  teeth 
as  will  be  afterwards  shown. 

While  the  above-described  changes  are  going  on,  the  soft  embryonic 
tissue  bounding  the  cavity  which  contains  the  tooth-germ,  becomes 
converted  into  a  vascular  memiranous  sac,  and  the  osseous  foundation 
of  the  maxilla  is  laid.    The  jaw  is  at  first  in  form  of  a  bony  gutter, 


Fig.  216. 


Fig.  217. 


Fig.  216. — Enlarged  View  of  the  Upper  and  Lower  Dental  Arches  op  a  Fcetus 
OP  about  Fourteen  Weeks. 

Tliis  specimen  shows  the  folliculai-  stage  of  development  of  all  the  milk  teeth  as 
described  by  Goodsir  ;  in  each  follicle  the  papilla  is  seen  projecting  ;  but  this  exposure 
of  the  papilla  and  the  cavity  of  the  follicle  arises  from  the  accidental  loss  of  the 
epithelial  covering. 

Fig.   217. — Enlarged   Diagram   of   the   Dental   Arch   on   the   Left  Side  of  the 
Lower  Jaw  of  a  Fojius  of  about  Fourteen  Weeks  (slightly  altered  from  Goodsir). 

/,  the  follicles  of  the  five  milk  teeth,  supposed  to  be  open,  showing  the  dental  papillae 
within  them,  and  o,  the  opercula  on  their  borders ;  they  are  numbered  from  1  to  5  in. 
the  order  of  their  first  appearance  ;  c,  to  the  inside  of  each  is  the  lunated  depression 
forming  the  commencement  of  the  germ  of  the  corresponding  permanent  tooth. 

in  which  the  teeth-rudiments  are  lodged ;  but  this  is  soon  divided  by 
osseous  partitions  into  chambers  for  the  several  tooth-sacs,  at  first  with 
wide  openings,  which  afterwards  are  narrowed,  but  so  as  to  allow 
the  contained  sacs  to  cohere  with  the  gum  along  the  border  of  the  jaw. 
The  recesses  in  question  are  not  the  alveoli ;  these  are  formed  subsequently 
around  the  fangs  of  the  teeth  as  they  rise  into  their  permanent  place,  and 
tlie  jaw  is  deepened  by  the  growth  of  its  alveolar  border. 

The  dental  sacs  are  well  seen  in  the  jaw  of  an  infant  a  few  months  old, 
before  the  eruption  of  the  teeth.  They  are  represented  at  this  stage  in 
fig.  218.  They  consist  of  an  outer  fibro-vascular  coat  connected  with 
the  periosteum,  and  an  inner  highly  vascular  layer  with  a  little  jelly- 
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like  tissue  interposed  between  the  two.    The  inner  coat  is  lined  with 
the  epithelium  of  the  enamel  organ  to  be  hereafter  described.     Their 


Fig.  218. 


Fig.  218.— The  Dental  Sacs 

EXPOSED   IN    THE   JaW  OF  A 

Child  at  Birth. 

a,  the  left  half  seen  from 
the  inner  side  ;  h,  the  right 
half  seen  from  the  outer 
side  ;  part  of  the  bone  has 
been  removed  so  as  to  ex- 
pose the  dental  sacs  as  they 
lie  below  the  gum  ;  the  lower 
figure  shows  the  sacs  of  the 
milk-teeth  and  the  first  per- 
manent molar,  exj)osed  by 
removing  the  bone  from  the 
outside  ;  the  iipper  figure 
shows  the  same  from  the  in- 
side, together  with  the  sacs 
of  the  permanent  incisor  and, 
canine  teeth  adhering  to  the 
gum. 


blood-vessels  are  derived  partly  from  the  dental  arteries  whicli  course 
along  the  base  of  the  sacs,  and  partly  from  those  of  the  gums. 

The  papilla,  now  the  dental  pulps,  acquire  a  perfect  resemblance  to 
the  crowns  of  the  future  teeth,  and  then  the  formation  of  the  hard  sub- 
stance commences  in  them,  as  will  be  immediately  described.  This 
process  begins  very  early,  and  by  the  end  of  the  fourth  month  of  foetal 
life  thin  shells  or  caps  of  dentine  (fig.  219,  1)  are  found  on  all  the 
pulps  of  the  milk-teeth,  and  a  little  later  on  that  of  the  fii'st  per- 
manent molar,  while  at  the  same  time  the  coating  of  enamel  begins  to 
be  deposited  on  each. 

Fig.  219. 


Fig.  219. — Different  Stages  in  the  Formation  of  a  Molar  Tooth  with  Two 
Fangs  (from  Blake). 

1,  the  distinct  caps  of  dentine  for  five  cusps  in  the  earliest  stage  of  formation  ;  in  2, 
and  the  remaining  figures,  the  crown  is  downwards  ;  in  2  and  3,  the  formation  of  the 
crown  having  proceeded  as  far  as  the  neck,  a  bridge  of  dentine  stretches  across  the  base 
of  the  tooth-pulp  ;  and  in  4,  the  division  of  the  fangs  is  thus  completed  ;  in  5,  6,  and 
7,  the  extension  takes  i^lace  in  the  fangs. 

The  cap  of  dentine  increases  in  extent  by  a  growth  around  its  edgeSy 
and  in  thickness  by  additions  in  its  interior,  while  the  substance  of  the 
pulp  decreases  in  proportion.  This  growth  of  the  tooth  continues  until 
the  crown  is  completed  of  its  proper  width,  and  then  the  pulp  under- 
goes a  constriction  at  its  base  to  form  the  cervix  of  the  tooth,  and 
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afterwards  elongates  and  becomes  narrower,  so  as  to  serve  as  the  basis 
of  the  fang.  Sooner  or  later,  after  the  completion  of  the  crown,  this 
part  of  the  tooth  appears  through  the  gum,  whilst  the  growth  of 
dentine  to  complete  the  fang  is  continued  at  the  surface  of  the 
elongating  pulp,  which  gradually  becomes  encroached  upon  by  suc- 
cessive formations  of  hard  substance,  until  only  a  small  cavity  is  left 
in  the  centre  of  the  tooth,  containing  nothing  but  the  reduced  pulp, 
supplied  by  slender  threads  of  vessels  and  nerves,  Avhich  enter  by  a 
small  aperture  left  at  the  point  of  the  fang  after  the  dentine  is  com- 
pleted. In  the  case  of  teeth  having  complex  crowns  and  more  than 
a  single  fang,  the  process  is  somewhat  modified.  On  the  surface  of  the 
dental  pulp  of  such  a  tooth,  as  many  separate  caps  or  shells  of  dental 
substance  are  formed  as  there  are  eminences  or  points;  these  soon 
coalesce,  and  the  formation  of  the  tooth  proceeds  as  before  as  far  as  the 
•cervix.  The  pulp  then  becomes  divided  into  two  or  more  portions, 
corresponding  with  the  future  fangs,  and  the  ossification  advances  in 
each  as  it  does  in  a  single  fang  ;  while,  at  the  same  time,  a  horizontal 
projection  or  bridge  of  dentine  is  deposited  across  the  base  of  the  pulp, 
between  the  commencing  fangs,  so  that  if  the  tooth  be  removed  at  this 
stage  and  examined  on  its  under  surface,  its  shell  presents  as  many 
apertures  as  there  are  separate  fangs  (fig.  219,  8  and  4).  In  all  teeth, 
the  pulp  originally  adheres  by  its  entire  base  to  the  bottom  of  the  sac ; 
but,  when  more  than  one  fang  is  to  be  developed,  the  pulp  is,  as  it  were, 
separated  from  the  sac  in  certain  parts,  so  that  it  comes  to  adhere  at 
two  or  three  insulated  spots  only,  corresponding  with  the  fangs,  Avhilst 
the  dentine  continues  to  be  formed  along  the  surrounding  free  surface 
of  the  pulp. 

rorniation  of   tlie  hard  tissties  of  the  Teeth. — The  account 

already  given  of  the  structure  of 
the  permanent  pulp  of  a  tooth  will 
apply  also  to  that  of  the  papilla 
or  formative  pulp  of  the  growing 
tooth,  both  before  and  after  the 
dentine  has  begun  to  be  formed 
from  it. 

It  may  be  added,  however,  tliat  its 
capillary  vessels,  wliicli  form  a  series 
of  loops  a  short  distance  beneath  the 
sui-face,  are  much  more  abundant  op- 
posite the  point  or  points  where  cal- 
cification is  about  to  commence. 


Fig.  220. — Part  op  Section  of  Develop- 
ing Tooth  of  Young  Rat,  Showing  the 
Mode  of  Deposition  of  the  Dentine. 
Highly  Magnified. 


The  dentisie  is  produced  more 
immediately  by  the  elongated  cells 
(odontoblasts)  already  described  as 
forming  the  superficial  stratum  of 
the  puip  (fig.  220,  c).  These  cells 
send  out  from  their  free  extremi- 
ties filamentous  processes,  as  de- 
scribed by  Lent,  and  the  intercel- 
lular substance  of  the  jDulp  tissue 
between  and  around  these  pro- 
cesses becomes  changed  into  the  solid  matrix  or  intertubular  substance 


a,  outer  layer  of  fully  formed  dentine  ; 
h,  nncalcified  matrix,  with  one  or  two 
nodules  of  calcareous  matter  near  the  cal- 
cified part ;  c,  odontoblasts  sending  pro- 
cesses into  the  dentine  ;  d,  pulp.  The  sec- 
tion is  stained  with  carmine,  which  colours 
the  iincalcified  matrix,  but  not  the  calcified 
part. 
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of  the  dentine,  which  is  thus  as  it  were  moulded  upon  them,  so  as  to 
form  the  tubules  in  which,  therefore,  the  cell-processes  are  now  enclosed. 
The  same  cell  may  continue  to  spin  out  a  filament  until  the  tubule  is 
completed  in  its  whole  length,  and  it  may  be  that  a  cell  sends  out  two 
or  more  processes,  coalescing  into  one  as  the  cell  recedes,  so  that  a 
branched  tubule  is  thus  produced. 

According-  to  Waldeyer  (with  whom  Boll  sems  to  agree)  it  is  the  substance  or 
protoplasm  of  the  cells  which  becomes  trans- 
formed into  the  dentinal  matrix,  all  except  the 
central  part,  which  remains  unaltered,  occupying 
the  tubule,  and  is  prolonged  by  another  cell  lying- 
deeper  in  the  pulp,  with  which  the  first  is  in 
connection,  and  so  on  in  succession.  Moreover, 
he  refers  the  anastomosis  of  neighbouring  tubules 
to  the  existence  of  communicating  branches 
between  adjacent  cells. 

The  collogenous  basis  of  the  dentinal 
matrix  is  at  first  uncalcified  (fig.  220,  h), 
but  the  material  of  calcification  soon  begins 
to  be  deposited  in  nodules  or  globules, 
which  run  together  into  a  uniform  hard 
substance  («).  In  parts  where  this  coal- 
escence partially  fails  the  uncalcified  -matter 
between  the  globules  shrinks  up  when  the 
tooth  has  become  dry,  so  as  to  leave  the 
interglobular  spaces  previously  described 
(p.  310).  The  globular  mode  of  deposition 
is  indicated  also  by  the  inner  surface  of 
the  growing  dentine,  which  is  nodulated 
(Czermak);  and,  indeed,  separate  nodules 
may  sometimes  be  seen  in  the  soft  tissue 
of  the  growing  matrix  (see  fig.  220). 

Pui-kinje  and  Raschkow  described  a  fine  pel- 
lucid homogeneous  membrane  Qmemhrana  pre- 
formafiKO)  covering  the  surface  of  the  pulp  before 
the  commencement  of  calcification,  but  the  exist- 
ence of  such  a  coating  is  at  best  doubtful,  and 
at  any  rate  whether  present  or  not,  it  appears 
to  be  of  no  significance  in  the  development  of 
the  teeth.  It  may  possibly  be  the  fii'st  uncalcified 
deposit  of  dentinal  matrix. 

The  Enamel. — The  surface  cells  of  the 
enamel-germ  line  the  dental  sac  in  the 
form  of  a  tesselated  or  cubical  epithelium 
(fig.  221,  e).  On  the  other  hand  the  cells 
which  lie  next  the  surface  of  the  pulp 
become  elongated  and  attenuated  into  a 
prismatic  shape,  precisely  like  a  columnar 
epithelium  {d  fig.  221),     The  central  cells, 

Fig.  221. — A  Section  through  the  Enamel  Organ  and  Dental  Sac  from  the  Tooth 
OF  a  Child  at  Birth  (from  Kolliker).      250  Diameters. 
o,  outer  dense  layer  of  the  dental  sac  ;  6,  inner  looser  texture  of  the   same  M'ith. 
capillaiy    blood-vessels   and  a  somewhat   denser   layer  towards  the  enamel   organ  ;  c, 
spongy  substance  ;  d,  inner  cells  ;  and  e,  outer  cellular  layer  of  the  enamel  organ. 
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those,  namely,  which  are  situated  between  these  two  layers,  undergo 
remarkable  changes.  Originally  spheroidal,  they  for  a  time  merely  in- 
crease in  number,  but  eventually,  assuming  a  stellate  form,  they  send  out 
branches  which  join  with  one  another  (fig.  221,  c),  whilst  a  clear  jelly- 
like matter  collects  in  their  interstices.  Next,  however,  to  the  tesse- 
lated  layer  is  a  stratum  of  epithelial  cells,  which  retain  their  original 
spheroidal  shape. 

Into  the  cavity  containing  the  enamel-germ  numerous  small  papillary 
processes  of  the  vascular  sac  and  adjacent  mucous  membrane  project, 
and  between  these,  on  the  other  hand,  epithelial  processes  extend  from 
the  enamel-germ  into  the  membrane.  The  enamel-germ  is  now  designnted 
the  "enamel  organ,"  organon  adamanUma  of  Purkinje,  who  named  the 
cohmmar  epithelium  on  the  surface  of  the  pulp  the  membrana 
adamant incc,  or  enamel  membrane. 

The  enamel  prisms  appear  to  be  formed  by  the  columnar  cells 
of  the  enamel-organ,  either  by  direct  calcification  of  their  substance 
or  by  deposition.  It  is  true  that  in  sections  a  space  is  commonly 
observed  between  the  cells  and  the  newly-formed  enamel  but  this  is 
probably  produced  after  death  by  a  shrinking  of  the  soft  parts.  The 
process  of  formation  commences  next  to  the  forming  dentine,  almost  as 
soon  indeed  as  the  latter  begins  to  be  produced.  The  enamel  substance 
is  at  first  soft  and  friable,  but  gets  hard  eventuallj''.  The  enamel  organ 
extends  no  farther  than  the  crown  of  the  tooth,  to  which,  therefore,  the 
deposit  of  enamel  is  limited.  As  the  formation  of  enamel  becomes 
completed  the  rest  of  the  enamel  organ  dwindles  away  :  the  superficial 
tesselated  layer  is  believed  to  become  the  "cuticula  dentis." 

The  cement  begins  to  be  formed  simultaneously  with  or  soon  after 
the  dentine  of  the  fang  by  the  subperiosteal  tissue,  as  in  the  formation 
of  the  superficial  layers  of  a  bone. 

Eruption  of  the  temporary  Teeth= — At  the  time  of  birth  the 
crowns  of  the  anterior  milk-teeth,  still  enclosed  in  their  sacs,  are 
completed  within  the  jaw,  and  their  fangs  begin  to  be  formed.  Their 
appearance  through  the  gums  follows  a  regular  order,  but  the  period  at 
which  each  pair  of  teeth  is  cut  varies  within  certain  limits.  The 
eruption  commences  at  the  age  of  seven  months,  and  is  completed 
about  the  end  of  the  second  year.  It  begins  with  the  central  incisors 
of  the  lower  jaw,  which  are  immediately  followed  by  those  of  the  upper 
jaw;  and,  as  a  general  rule,  each  of  the  lower  range  of  teeth  rises 
through  the  gum  before  the  corresponding  tooth  of  the  upper  set.  The 
following  scheme  indicates,  in  months,  the  order  and  time  of  eruption 
of  the  milk-teeth  : — 

MOLAES.  CAKINES.  IXCISOES.  CANINES.         MOLAES. 


Before  the  teeth  protrude  through  the  gum,  this  undergoes  some  peculiar 
changes  :  its  edge  at  first  becomes  dense  and  sharp,  but,  as  the  tooth  approaches 
it,  the  shai-p  edge  disappears,  the  gum  becomes  rounded  or  tumid,  and  is  of  a 
purplish  hue  ;  the  summit  of  the  tooth  is  seen  like  a  white  spot  or  line  through 
the  vascular  gum,  and  soon  afterwards  rises  tlii'ough  it.  As  the  crown  of  the 
tooth  advances  to  its  ultimate  position,  the  elongated  fang  becomes  surrounded 
by  a  bony  socket  or  alveolus.  Before  the  eruption,  the  mucous  membrane  is 
studded  with  a  number  of  small  white  bodies,  which  were  described  by  Serres  as 


DEVELOPMENT  OF  THE  PEEMANENT  TEETH. 


321 


glands  {dental  glands'),  and  -were  supposed  by  Mm  to  secrete  the  tartar  of  the 
teeth.  Meckel  thought  they  were  small  abscesses,  because  no  aperture  could  be 
detected  in  them.  In  a  foetus  of  sis  months,  they  were  found  by  Shai-pey  to  be 
small  round  pearl-like  bodies,  in  form  of  small  spherical  capsules  of  various  sizes, 
filled  with  epithelium.  They  are  probably  the  prominences,  or  sprouts  of  the 
outer  epithelial  layer  of  the  enamel  organ,  ah-eady  referred  to. 

Bevelopment  of  the  permanent  Teeth. — The  preceding  description 
of  the  structure  of  the  dental  sacs  and  pulps  and  of  the  mode  of 
formation  of  the  several  parts  of  a  tooth,  applies  to  the  permanent  as 
well  as  to  the  milk-teeth.  The  origin  and  progressive  development  of 
the  sacs  and  pulps  of  the  permanent  teeth  have  still  to  be  considered. 
Ten  permanent  teeth  in  each  jaw  succeed  the  milk-teeth,  and  six  are 
superadded  further  back  in  the  jaw.  It  will  be  convenient  to  treat 
first  of  the  ten  anterior  teeth  or  teeth  of  succession. 

The  sacs  and  pulps  of  these  teeth  have  their  foundations  laid  before 
birth,  behind  those  of  the  milk  set.  Reverting  to  the  follicular  stage 
of  the  temporary  teeth,  which  is  completed  about  the  fourteenth  week, 
it  will  be  remembered  that  behind  each  milk-follicle  there  is  formed  a 
small  recess  (fig.  214,  c,fp),  which  is  filled  with  epithelium  derived  from 
the  common  enamel-germ,  and  this  forms  the  germ  of  the  corresponding 
permanent  tooth.  As  already  stated,  these  recesses  escape  the  general 
adhesion  of  the  sides  of  the  dental  groove,  so  that  when  the  latter 
closes  they  are  converted  into  so  many  cavities,  enclosing  epithelium, 
which  were  called  by  Goodsir,  " cavities  of  reserve''  They  are  ten  in 
number  in  each  jaw,  and  are  formed  successively  from  before  back- 
wards.   These  cavities  soon  elongate  and  recede  into  the  substance  of 


Fig.  222. 


Fig.  222. — Sketches   showing   the   Relations  of   the  Temporary  and  Permanent 
Dental  Sacs  and  Teeth  (after  Blake,  with  some  additions). 

The  lower  parts  of  the  first  three  figures,  which  are  somewhat  enlarged,  represent 
sections  of  the  lower  jaw  through  the  alveolus  of  a  temporary  incisor  tooth  :  a,  indicates 
the  sac  of  the  permanent  tooth  ;  c,  its  pedicle  ;  h,  the  sac  of  the  milk  tooth  or  the  milk 
tooth  itself  ;  a',  b',  indicate  the  bony  recesses  in  which  the  permanent  and  temporary 
teeth  are  lodged,  and  c',  the  canal  by  which  that  of  the  former  leads  to  the  sui-face  of 
the  bone  behind  the  alveolus  of  the  temporary  tooth.  The  foiu-th  and  fifth  fit^ures  which 
are  nearly  of  the  natural  size,  show  the  same  relations  m  a  more  advanced  statue  in  IV. 
previous  to  the  change  of  teeth,  in  V. ,  when  the  milk-tooth  has  fallen  out  and  the  per- 
manent tooth  begins  to  rise  in  the  jaw  ;  c,  the  orifice  of  the  bony  canal  leading  to  the 
place  of  the  permanent  tooth. 
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the  gum  behind  the  germs  of  the  milk  teeth,  above  and  behind  in  the 
upper  jaw,  below  and  behind  in  the  lower.  In  the  meantime,  a  papilla 
appears  in  the  bottom  of  each,  (that  for  the  central  incisor  appearing 
first,  at  about  the  sixth  month,)  and  they  become  closed  in  above  in 
a  similar  manner  to  the  germs  of  the  temporary  teeth  as  already 
described.  When  these  changes  have  taken  place,  the  sac  of  the  per- 
manent tooth  adheres  to  the  back  of  that  for  the  temporary  tooth. 
Both  of  them  then  continue  to  grow  rapidly,  and  after  a  time  it  is 
found  that  the  bony  socket  not  only  forms  a  cell  for  the  reception  of 
the  milk-sac,  but  also  a  small  posterior  recess  or  niche  for  the  permanent- 
tooth-sac,  with  which  the  recess  keeps  pace  in  its  growth.  In  the  lower 
jaw,  to  which  our  description  may  now,  for  convenience,  be  confined, 
it  is  found  that  at  length  the  permanent  sac  so  far  recedes  in  the  bone 
as  to  be  lodged  in  a  special  osseous  chamber  at  some  distance  below  and 
behind  the  milk-tooth,  the  two  being  completely  separated  from  each 
other  by  a  bony  partition.  In  descending  in  the  jaw,  the  sac  for  the 
permanent  tooth  acquires  at  first  a  pear-shape,  and  is  then  connected 
with  the  gum  by  a  solid  pedicle  (fig.  222,  I.,  II.,  c).  The  recess  in  the 
jaw  («')  has  a  similar  form,  drawn  out  into  a  long  canal  for  the  pedicle 
which  opens  on  the  edge  of  the  jaw,  by  an  aperture  behind  the  corre- 
sponding milk-tooth.  The  permanent  tooth  is  thus  separated  from  the 
socket  of  the  milk-tooth  by  a  bony  partition,  against  which,  as  well  as 
against  the  root  of  the  milk-tooth  just  above  it,  it  presses  in  its  rise 
through  the  gum,  so  that  these  parts  are  in  a  greater  or  less  extent 
absorbed.  When  this  has  proceeded  far  enough,  the  milk-tooth  be- 
comes loosened,  falls  out  or  is  removed,  and  the  permanent  tooth 
takes  its  place.  The  absorption  of  the  dental  substance  commences  at 
or  near  the  ends  of  the  fangs,  and  proceeds  upwards  until  nothing  but 
the  crown  remains.  The  cement  is  first  attacked,  and  then  the  dentine : 
but  the  process  is  similar  in  the  two  tissues.  The  change  is  not  pro- 
duced merely  by  pressure,  but,  as  in  the  case  of  the  absorption  of  bone, 
through  the  agency  of  multi-nucleated  absorbing  cells  or  ostoclasts, 
developed  at  the  time,  and  applied  to  the  surface  of  the  tooth. 
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Fig.  223. — Part   op   the  Lois'er   Jaw  of  a  Child  of  Three  or  Four  Years  Old, 

SHOWING   THE    RELATIONS    OF   THE    TEMPORARY   AND    PERMANENT   TeETH. 

The  specimen  contains  all  the  milk-teeth  of  the  right  side,  together  with  the  incisors  of 
the  left ;  the  inner  plate  of  the  jaw  has  been  removed,  so  as  to  expose  the  sacs  of  all  the 
permanent  teeth  of  the  right  side,  except  the  eighth  or  wisdom  tooth,  which  is  not  yet 
formed.  The  large  sac  near  the  ramus  of  the  jaw  is  that  of  the  first  permanent  molar, 
and  above  and  behind  it  is  the  commencing  rudiment  of  the  second  molar. 
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The  six  posterior  (or  "  superadded  ")  permanent  teeth,  that  is,  the 
three  permanent  molars  on  each  side,  do  not  come  in  the  place  of  other 
teeth.  They  arise  from  successive  extensions  of  the  dental  groove  and 
enamel-germ  carried  backwards  in  the  jaw,  posterior  to  the  milk-teeth, 
and  named  by  Goodsir  ^^ijosterior  cavities  of  reserve'^ 

During  the  general  adhesion  of  the  dental  groove  occurring  at  the 
fifteenth  week,  the  part  posterior  to  the  last  temporary  molar  follicle 
continues  unobliterated,  and  thus  forms  a  cavity  filled  by  an  enamel- 
germ,  in  the  fundus  of  which  a  papilla  ultimately  appears,  and  forms 
the  rudiment  of  the  first  permanent  molar  tooth  ;  this  takes  place  very 
early,  viz.,  at  the  sixteenth  week.  The  deepest  part  of  this  cavity  is 
next  converted  by  adhesion  into  a  sac,  which  encloses  the  papilla, 
whilst  its  upper  portion  with  its  contained  epithelium,  elongates  back- 
wards so  as  to  form  another  cavity  of  reserve,  in  which,  at  the  seventh 
month  after  birth,  the  papilla  for  the  second  molar  tooth  appears.  After 
a  long  interval,  during  which  the  sac  of  the  first  permanent  molar  and 
its  contained  tooth  have  acquired  great  size,  and  that  of  the  second 
molar  has  also  advanced  considerably  in  development,  the  same  changes 
once  more  occur  and  give  rise  to  the  sac  and  papilla  of  the  wisdom- 
tooth,  the  rudiments  of  which  are  visible  at  the  sixth  year.  The  sub- 
sequent development  of  the  permanent  molar  teeth  takes  nlace  from 
these  sacs  just  like  that  of  the  other  teeth. 

Calcification  begins  first  in  the  anterior  permanent  molar  teeth.  Its 
order  and  periods  may  be  thus  stated  for  the  upper  jaw,  the  lower  being 
a  little  earlier  :  First  molar,  five  or  six  months  after  birth ;  central 
incisor,  a  little  later  ;  lateral  incisor  and  canine,  eight  or  nine  months  ; 
two  bicuspids,  two  years  or  more  ;  second  molar,  five  or  six  years ; 
third  molar,  or  wisdom-tooth,  about  twelve  years. 

Eruption  of  the  permasient  teeth. — The  time  at  which  this  occurs 
in  regard  to  each  pair  of  teeth  in  the  lower  jaw  is  exhibited  in  the  sub- 
joined table.  The  corresponding  teeth  of  the  upper  jaw  appear  some- 
what later. 

Molar,  fii-st 6  years. 

Incisors,  central      ........         7 

„         lateral  ........         8 

Bicuspids,  anterior  ........         9 

„        posterior      .......       10 

Canines  ......  11  to  12 

Molars,  second 12  to  13 

„      ttird  (or  wisdom)        .         .         .         .  17  to  25 

It  is  just  before  the  shedding  of  the  temporary  incisors — i.e.,  about 
the  sixth  year,  that  there  is  the  greatest  number  of  teeth  in  the  jaws. 
At  that  period  there  are  all  the  milk-teeth,  and  all  the  permanent  set 
except  the  wisdom-teeth,  making  forty-eight  (see  fig.  224.) 

During  the  growtli  of  the  teeth  the  jaw  increases  in  depth  and  length,  and 
undergoes  changes  in  fonn.  In  the  child  it  is  shallow,  but  it  becomes  much 
deeper  in  the  adult.  In  the  young  subject  the  alveolar  arch  describes  almost  the 
segment  of  a  ckcle  ;  but  in  the  adult  the  curve  is  semi-elliptical.  The  increase 
which  takes  place  in  the  length  of  the  jaw  arises  from  a  growth  behind  the  posi- 
tion of  the  milk-teeth,  so  as  to  provide  room  for  the  three  additional  teeth  on 
each  side  belonging  to  the  pennanent  set.  At  certain  periods  in  the  growth  of 
the  jaws  there  is  not  sufficient  room  in  the  alveolar  arch  for  the  growing  sacs  of 
the  permanent  molars  ;  and  hence  the  latter  are  found  at  certain  stages  of  their 
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deTelopment  to  be  enclosed  in  the  base  of  the  coronoid  process  of  the  lower  jaw, 
and  in  the  maxillar.y  tuberosity  in  the  upper  jaw,  but  they  afterwards  succes- 
sively assume  their  ultimate  position  as  the  bone  increases  in  length.     The  space 

Fig.  224. 
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Fig.  224. — The  Teeth  of  a  Child  op  Six  Yeaes,  with  the  Calcified  Parts  op  the 
Permanent  Teeth  exposed  (Allen  Thomson,  after  Henle). 

The  \yhole  of  the  teeth  of  the  right  side  are  shown,  together  with  the  three  front  teeth 
of  the  left  side  :  in  the  upper  and  lower  jaws  the  teeth  are  indicated  as  follows,  viz.  : — 
1,  milh-teetJi—i,  inner  or  first  incisor  ;  i,  outer  or  second  incisor ;  c,  canine  ;  m,  first 
molar  ;  m',  second  molar.  2,  permanent  teeth — I,  inner  or  first  incisor  ;  I',  outer  or 
second  incisor  ;  C,  canine  ;  B,  first  bicuspid  ;  B',  second  bicuspid  ;  M',  the  first  molar, 
which  has  passed  through  the  gums  ;  M",  the  second  molar,  which  has  not  yet  risen  above 
the  gums  :  the  third  molar  is  not  yet  formed. 

taken  up  by  the  ten  anterior  permanent  teeth  very  nearly  coiTesponds  with  that 
which  had  been  occupied  by  the  ten  milk-teeth  ;  the  difference  in  width  between 
the  incisors  of  the  two  sets  being  compensated  for  by  the  smallness  of  the  bicus- 
pids in  comparison  with  the  milk-molars  to  which  they  succeed.  Lastly,  the 
angle  formed  by  the  ramus  and  body  of  the  lower  jaw  differs  at  different  ages  ; 
thus  it  is  obtuse  in  the  infant,  approaches  nearer  to  a  right  angle  in  the  adult, 
and  again  becomes  somewhat  obtuse  in  old  age. 


SECONDARY    DENTINE. 

Under  this  head  are  included  certain  varieties  of  hard  tissue  liable  to  be  fonned 
in  the  pulp-cavity  of  a  tooth  after  the  regular  production  of  the  dentine  is  com- 
pleted.   These,  as  hithei-to  noticed  and  described,  are  the  following  *  : — 

1.  Osteodentine  (Owen). — This  is  a  hard  substance  which  becomes  deposited 

*  Salter,  Guy's  Hospital  Eeports  ;  and  Dental  Pathology  and  Surgery. 
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on  the  inner  sui'face  of  tlie  dentine,  so  that  the  central  cavity  of  a  tooth  becomes 
gradually  diminished  in  size,  whilst  the  pulp  slowly  shrinks  or  disappears.  This 
additional  substance,  formerly  regarded  as  an  exten- 
sion of  the  cement  into  the  interior  of  the  tooth, — 
has  been  shown  to  have  a  distinct  structure,  in  part 
resembling  dentine,  and  in  pai-t  bone.  It  is  traversed 
by  canals,  which  contain  blood-vessels,  and  are  sur- 
rounded by  concentric  lamellse  like  the  Haversian 
canals  of  bone.  From  these  canals,  numerous  tubules 
radiate,  larger  than  the  canaliculi  of  bone,  resem- 
bling, in  this  respect,  and  also  in  their  mode  of  rami- 
fication, the  tubes  of  the  dentine.  This  new  growth 
may  indeed  be  compared  to  a  collection  of  miaiature 
pulps,  each  sun-ounded  by  its  appei-taining  dentine, 
pierced  by  radiating  tubules.  It  may  or  may  not 
coalesce  with  the  previously  formed  dentine ;  it  appears 
to  be  produced  by  a  slow  conversion  of  the  dental  pulp. 

2.  Dentine  of  Repair  (Salter)- — When  the  outer 
surface  of  the  dentine  becomes  denuded  at  any  place, 
so  that  the  peripheral  ends  of  the  tubules  are  there 
exposed,  as  may  happen  m  the  crown  from  injmy  or 
wear  of  the  enamel,  or  at  the  cei"vix  from  continued 
friction  and  abrasion  of  the  cement,  a  deposition 
of  dental  matter  occurs  on  the  inner  surface  of  the 
dentine  exactly  corresponding  in  i^osition  and  extent 
with  the  area  occupied  by  the  central  ends  of  the 
exposed  tubules.  Many  of  the  affected  tubules  become 
subsequently  filled  up  by  a  deposit  of  hard  matter 
mthin  them,  so  that  on  section  both  the  secondary 
dentine  and  the  corresponding  part  of  the  primary 
dentine  appear  clearer  and  more  transparent  than 
the  remainder  of  the  dentinal  substance  (see  fig.  225). 

When  the  surface-injury  has  been  considerable,  the 
dentine  of  repair  is  largely  in  excess,  and  may  in  such 
cases  completely  fill  up  the  pulp-cavity. 
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Fig.  225. — Longitudinal 
Section  of  Incisor 
Tooth  shotving  den- 
tine OF  REPAIR. 
Slightly  Magnified. 
(Reduced  from  Salter. ) 

d,  d',  denuded  surfaces 
of  dentine  ;  r,  r',  corre- 
sponding deposits  of  se- 
condary dentine.  Two 
or  three  incremental  lines 
are  observed  in  the  den- 
tine. 


The  tongue  is  a  muscular  organ  covered  with 
mucous  membrane.  By  its  muscular  structure 
it  takes  part  in  the  processes  of  mastication  and 
deglutition,  and  in  the  articulation  of  speech, 
while  its  mucous  membrane  is  endowed  with 
common  and  tactile  sensibility  and  is  the  seat  of 
the  sense  of  taste.  The  tongue  occupies  the  concavity  of  the  arch  of 
the  lower  jaw  ;  posteriorly  it  is  connected  with  the  hyoid  bone,  and  the 
backpart  of  its  upper  surface  forms  the  floor  of  the  arch  of  the  fauces  ; 
inferiorly  it  receives  from  base  to  apex  the  fibres  of  the  genio-glossus 
muscle,  and  through  the  medium  of  that  muscle  is  attached  to  the 
lower  jaw. 

A.— Mucous  Membeane.— On  the  under  surface  of  the  tongue  the 
mucous  membrane  is  smooth  and  thin.  It  forms  a  fold  in  the  middle 
line  called  the  frcenum  Ungme,  placed  in  front  of  the  anterior  border  of 
the  genio-glossi  muscles.  On  each  side  below,  as  the  mucous  membrane 
passes  from  the  tongue  to  the  inner  surface  of  the  gums,  it  is  reflected 
over  the  sublingual  gland.  Not  far  from  the  line  continued  forwards 
from  the  franum,  the  ranine  vein  may  be  distinctly  seen  through  the 
mucous  membrane,  and  close  to  it  lies  the  ranine  artery.     Further  out 
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is  an  elevated  line  with  a  fimbriated  margin  directed  outwards,  which 
extends  to  the  tip.  The  dncts  of  the  right  and  left  submaxillary  glands 
end  by  papJIlfUy  orifices  placed  close  together,  one  on  each  side  of  the 
frtennm  ;  an^.l  Jurther  back,  between  the  sides  of  the  tongue  and  the 


Fig.  223. — Papillae  Sueface  of  the  'i'<):f'irE,  with  the  Fauces  and  Tonsils  (from 

S;ippey). 

1,  2,  circiimvallate  papillae  ;  in  front  of  2,  the  foramen  caecum  ;  3,  fungiform  papillce  ; 
4,  filiform  and  conical  papillae  ;  5,  transverse  and  oblique  ranges  ;  6,  mucous  glands  at 
the  base  of  the  tongue  and  in  the  fauces  ;  7,  tonsils  ;  8,  part  of  the  epiglottis  ;  9,  median 
glosso-epiglottidean  fold  or  frsenum  epiglottidis. 

lower  jaw,  are  found  the  orifices  of  the  several  ducts  belonging  to  the 
sublingual  glands. 

The  ujjper  surface  or  dorsum  of  the  tongue  (fig.  226),  is  convex  in  its 
general  outline,  and  is  marked  along  the  middle  for  nearly  its  whole 
length  by  a  shght  furrow  called  the  7'aphe,  which  indicates  its  bilateral 
symmetry.    About  half  an  inch  from  the  base  of  the  tongue,  the  raphe 
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often  terminates  in  a  depression,  closed  at  the  bottom,  which  is  called 
the  fojrmwi  cceeum  (Morgagni),  and  in  which  several  mucous  _^/rt;?f7s  open. 
Three  folds,  named  the  giosso-epiglottic  folds  or  freenula,  of  which  the 
middle  one  is  the  largest  (frsenum  epiglottidis),  pass  backwards  from 
the  base  of  the  tongue  to  the  epiglottis.  The  upper  surface  of  the 
tongue  in  fi'ont  of  the  foramen  c^cum  (the  anterior  two-thirds)  is  covered 
with  small  eminences  named  ^^ttpillcc.  They  are  found  also  upon  the 
tip  and  borders,  where,  however,  they  gradually  become  smaller,  and 
towards  its  under  surface  they  disappear.  These  papillse  are  dis- 
tinguished into  three  orders,  drcumvallate,  fungiform  Qi\di  filiform,  vary- 
ing both  in  size  and  form,  but  all  of  them  visible  to  the  naked  eye  ;  they 
themselves,  like  the  rest  of  the  mucous  membrane  of  the  tongue  and 
mouth  generally  are  covered  with  closely  set,  microscopic  secondary 
papillse  hidden  under  the  epithelium,  which  correspond  with  those  of  the 
skin,  and  are  each  occupied  by  a  long  loop  of  capillary  blood-vessels. 

The  large  circunivallate  papillae  (fig.  226, 1,  2),  from  seven  to  twelve 
in  number,  are  found  on  the  back  part  of  the  tongue,  arranged  in 


Fig.  227. — Vertical  Section  op  Cir- 

CUMVALLATE      PaPILIA      FROM      THE 

Calf  (Engelmann).     25  Diameters. 

A,  tlie  papilla ;  B,  tlie  suiTounding 
■wall.  The  figure  shows  the  nerves  of 
the  papilla  spreading  towards  the  sur- 
face, and  towards  the  taste-buds  which 
are  imbedded  in  the  epithelium  at  the 
sides  ;  in  the  sulcus  on  the  left  the  duct 
of  a  gland  is  seen  to  open. 

two  rows,  which  run  obliquely 
backwards    and   inwards,  and 
meet  towards  the  foramen  cae- 
cum, like  the  arms  of  the  letter  V.     They  are  situated  in  cup-like 
depressions  of  the  mucous  membrane,  and  have  the  shape  of  a  trun- 
cated cone,  of  which  the 
^^°'  ^"^^-  smaller  end  is  attached 

to  the  bottom  of  the 
cavity,  and  the  broad  flat- 
tened base  appears  on  the 
surface  (fig.  227).  They 
are  therefore  surrounded 
bj  a  circular  trench  {fos- 
sa), around  which  again 
is  an  annular  elevation  of 
the  mucous  membrane 
{vallum),  and  in  some  of 
them  there  is  found  a  cen- 
tral depression,  into  which 
the  ducts  of  one  or  more 
glands  open.  The  epithe- 
lium covering  the  papillae 


Fig.  228. — Two  Taste-buds  from  the  Papilla 
FoLiATA  OF  THE  Eabbit.  450  Diameters  (Engel- 
mann). 


vallate  is  thick  and  stratified,  as  elsewhere  in  the  mouth,  and  completely 
conceals  the  minute  secondary  papillae.  Forming  a  zone  around  the  sides 
of  the  papilla  are  found,  imbedded  in  this  thick  epithelium,  peculiar 
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ovoidal  or  flask-shaped  bodies,  composed  of  modified  epithelium  cells 
and  believed  to  be  special  organs  of  taste.  These  imie-'buds,  as  they  have 
been  termed,  are  comparable  in  form  and  structure  to  the  leaf-buds  of  a 
plant  (fig,  228).  By  their  bases  they  are  in  contact  with  the  corium, 
while  their  apices,  which  appear  as  round  openings  or  pores  when 
viewed  from  the  surface,  emerge  between  the  ordinary  epithelium  cells. 
The  latter  are  flattened  around  the  taste-buds,  enclosing  them  in  a  sort 
of  nest.  The  taste-buds  themselves  may  be  described  as  consisting 
of  a  cortical  and  a  central  part.  The  cells  composing  the  cortical  part 
are  long  and  flattened  with  tapering  ends  (fig.  229  c),  and  are  in  contact 
by  their  edges,  extending  from  base  to  apex  of  the  organ  (fig.  228)  ; 
they  are  disposed  in  more  than  one  layer,  and  enclose  the  central  part 
like  the  external  scales  of  a  leaf-bud.  The  enclosed  or  central  cells 
(fig.  229 «),  on  the  other  hand  are  not  flattened  but  spindle-shaped. 

Fig.  229. 


Pig.  229. — Various  Cells  feom  Taste-bud  of  Rabbit.     600  Diameters   (Engelmann). 

a,  Four  cells  from  central  part  ;  6,  two  cortical  cells,  and  one  central  cell,  in  con- 
nection ;  c,  three  cells  from  cortical  part. 


having  an  enlargement  near  the  middle  where  the  nucleus  is  situated, 
and  being  prolonged  at  each  end  by  a  process,  one  of  which  extends 
upwards  towards  the  apex  of  the  taste-bud,  and  is  surmounted  by 
an  excessively  fine  styliform  extremity  which  projects  at  the  orifice, 
whilst  the  other,  which  is  commonly  more  slender  and  sometimes  divided 
or  branched  at  its  extremity,  passes  down  into  the  corium  of  the 
mucous  membrane,  and  is  described  as  being  connected  with  a  plexus  of 
fine  nervous  fibrils  found  in  this  situation.  The  similarity  of  these 
central  or  gustatory  cells  with  the  well-known  olfactory  cells  of  Max 
Schultze  will  be  at  once  apparent. 

The  taste-buds  were  discovered  by  Loven  and  Schwalbe,  independently  of  each 
other.*  They  have  now  been  found  on  the  sides  (but  never  on  the  upper  surface) 
of  the  papillse  vallata3  of  a  great  number  of  animals,  and  are  seen  also  on  some 
of  the  fungiform  papillfe  to  be  immediately  described.  Their  structure  is  most 
readily  studied  in  the  rabbit  and  hare,  for  in  these  animals  there  is  found  at  each 
side  of  the  base  of  the  tongue  an  oval  laminated  structui-e,  the  so-called  paplUa 
foUata,  the  laminte  composing  which  contain  in  the  epithelium  of  their  opposed 
surfaces  great  numbers  of  those  bodies.  A  small  area,  situate  just  in  front  of  the 
anterior  pillar  of  the  fauces,  of  variable  appearance,  but  usually  vidth  five  longi- 

*  Loven,  Schwalbe,  Arch.  f.  mikr.  Anat.  1867,  and  Arch.  f.  mikr.  Anat.  1868  ; 
Engelmann,  in  Strieker's  Handbook  ;  Krause,  Gottinger  Nachricliten,  1870.  According 
to  Krause  the  distribution  of  the  taste-buds  follows  that  of  the  glosso-pharjmgeal  nei-ve. 
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tudinal  folds,  which  are  studded  with  taste-buds,  exists  in  the  human  tongue, 
and  is  regarded  as  representing  a  papilla  foliata. 

According  to  Engelmann,  each  taste-bud  is  composed  of  from  15  to  30  cells. 

The  taste  organs  of  the  Amphibia  have  been  longer  recognised.  They  occur  in 
the  form,  not  of  buds  but  of  patches  interspersed  here  and  there  amongst  the 
ordinary  ciliated  and  columnar  epithelium  which  covers  the  upper  siu-face  and  sides 
of  the  tongue.* 

Flask-shaped  bodies,  resembling  the  taste-buds  in  structui-e,  were  long  since 
described  by  Leydig  as  occui-ring  in  fish.  They  are  found  both  in  the  skin  and  in 
the  mucous  membrane  of  the  mouth,  and  are  believed  to  be  gustatory  organs. 


2.30. 


The  fungiform  papillss,  more 
numerous  than  the  last,  are  small 
rounded  eminences  scattered  over  the 
middle  and  fore  part  of  the  dorsum  of 
the  tongue  (fig.  226,  3)  ;  but  they  are 
found  in  greater  numbers  and  closer 
together  at  the  apex  and  near  the 
borders.  They  are  easily  distinguished 
in  the  living  tongue  owing  to  their 
deep  red  colour.  They  are  narrow  at 
their  point  of  attachment,  but  are 
gradually  enlarged  towards  their  free 
extremities,     which  blunt    and 

rounded  (fig.  230). 

The  conical  and  iiliform  papiLee 
are  the  most  numerous  of  all,  as  well 
as  the  smallest.  They  are  minute, 
conical,  tapering,  or  cylindrical  emi- 
nences, which  are  densely  set  over 
the  greater  part  of  the  dorsum  of  the 
tongue  (fig.  226,  4),  but  towards  the 
base  gradually  disappear.  They  are 
arranged  in  lines  diverging  from  the 
raph^,  at  first  in  an  oblique  direc- 
tion like  the  two  ranges  of  the  pa- 
pillse  vallatse,  but  gradually  becoming 
transverse  towards  the  tip  of  the 
tongue.  At  the  sides  they  are  longer 
and  more  slender,  and  arranged  in  pa- 
rallel rows,  perpendicular  to  the  border 
of  the  tongue. 

The  secondary  papillEe,  borne  by  the 
filiform,  are  peculiar  both  in  contain- 
ing a  number  of  elastic  fibres,  giving 
them  greater  firmness,  and  in  the 
character  of  their  epithelial  covering, 
which  is  dense  and  imbricated,  and 
forms  a  separate  process  over  each,  greater  in  length  than  the  papilla 
which  it  covers  (fig.  231,  e,  /).  Over  some  of  the  filiform  papilla 
these  processes  form  a  pencil  of  fine  fibres,  approaching  in  some  cases 
in  appearance  to  hairs. 

*  Billroth  in  Archiv  f.  Anat.  u.  Phys.  1858:  Hoyer  in  the  same  journal  for  1859  : 
Axel  Key,  in  the  same  for  1861  :  Engelmann  in  Zeitsch.  f.  Wiss.  Zool.  1867. 


Fig.  230. — Surface  and  Sectional 
VIEW  OF  A  Fungiform  Papilla 
(from  KoUiker  after  Todd  and 
Bowman). 

A,  the  surface  of  a  fungiform 
papilla  partially  denuded  of  its  epi- 
thelium (35  diameters)  ;  ^5,  secon- 
dary papiUse  ;  e,  epithelium. 

B,  section  of  a  fungiform  papilla 
with  the  blood-vessels  injected,  a, 
artery  ;  v,  vein  ;  c,  capillary  loops 
of  simple  papilhe  in  the  neighbour- 
hood, covered  by  the  epithelium  ;  d, 
capillary  loops  of  the  secondary  pa- 
pillEe  ;  e,  epithelium. 
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The  papillte,  besides  being  the  parts  chiefly  concerned  in  the  special 
sense  of  taste,  also  possess,  in  a  very  acute  degree,  tactile  sensibiUty ; 

and  the  filiform  papillas,  armed 
I'is-  531.  ;vith  their   denser    epithelial 

covering,  serve  a  mechanical 
use,  in  the  action  of  the  tongue 
upon  the  food,  as  is  well  illus- 
trated by  the  more  developed 
form  which  these  papillfB 
attain  in  many  carnivorous 
animals.  The  papillary  sur- 
face of  the  tongue  is  supplied 
abundantly  with  nerves.  In 
the  papilla  fungiformes  the 
nerves  are  large  and  nu- 
microus,  and  form  a  plexus 
with  brush-like  branches ;  but 
they  are  still  more  abundant, 
and  of  greater  size,  in  the 
papillas  circumvallatee,  where 
they  are  chiefly  distributed  in 
the  neighbourhood  of  the  taste- 
buds  (fig.  227). 

Glands. — The  mucous  mem- 
brane of  the  tongue  is  pro- 
vided with  numerous  small 
racemose  glands  called  lingual 
glands,  collected  principally 
about  the  posterior  part  of  its 
upper  surface,  near  the  pa- 
pillee  vallatEe  and  foramen 
CEecum,  into  which  last  the 
ducts  of  several  open.  These 
glands  have  commonly  been 
supposed  to  secrete  mucus, 
but  it  has  been  recently  as- 
certained that  some  of  them, 
those,  namely,  which  open  in 
the  trenches  around  the  pa- 
pillte  vallate,  and  at  other 
parts  where  taste-buds  occur, 
yield  a  more  watery  secretion 
(Ebner).  Other  small  glands  are  found  also  beneath  the  mucous  mem- 
brane of  the  borders  of  the  tongue.  There  is,  in  particular,  a  group 
on  the  under  surface  of  the  tongue  on  each  side  near  the  apex.  They 
are  there  aggregated  into  a  small  oblong  mass,  out  of  which  several 
ducts  proceed  and  open  in  a  line  on  the  mucous  membrane. 

The  mucous  membrane  of  the  tongue,  at  least  its  posterior  part,  is 
largely  composed  of  retiform  or  lymphoid  tissue,  which  is  collected  at 
numerous  points  into  the  denser  nodular  masses  known  as  follicular 
glands,  or  lymphoid  follicles.  The  blood-vessels  and  lymphatics  of  this 
part  of  the  membrane  are  numerous  and  large,  but  the  papillse  on  its  sur- 
face are  comparatively  small,  and  are  completely  concealed  by  the  thick 


Fig.  231. — Two  FiLiFOEJi  Papilla,  one  with 
Epithelium,  the  other  without.  35  Dia- 
meters. (From  Kolliker,  after  Todd  and 
Bowman). 

p,  the  substance  of  tlie  papilloa  di\ided  at 
their  upper  extremities  into  secondary  \  apillre  ; 
a,  artery,  and  r,  vein,  connected  by  capillaiy 
loops  ;  e,  epithelial  covering,  laminated  be- 
tween the  papillae,  but  extended  into  hair-like 
processes,  /,  from  the  extremities  of  the 
secondary  papillse. 
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331 


Vh.  232. 


Fig.  232. — Section   of  a   Lymphoid  Crtpt   feom 

THE     EOOT     of     the      ToNGUE.         30     DiAJIETEKS. 

(Kolliker). 

a,  epittelial  lining  ;  i,  papillae  of  the  mucous 
membrane  ;  c,  outer  part  of  the  crypt,  formed 
of  connective  tissue  ;  d,  outlet,  and  e,  cavity  of  the 
crypt  ;  cf,  suiTounding  follicles. 


superjacent  epithelium.  Here  and  tliere  the  mucous  membrane  exhibits 
recesses  or  crypts  (fig.  232), 
either  simple  or  surrounded 
by  smaller  ones  which  open 
into  them.  The  walls  of 
these  recesses  are  generally 
studded  with  lymphoid  no- 
dules ;  and  they  receive 
many  of  the  ducts  of  the 
mucous  glands. 

B.  —  Muscular  Sub- 
STANCE. — The  substance  of 
the  tongue  is  chiefly  com- 
posed of  muscular  fibres 
running  in  different  but  de- 
terminate directions.  J\lany 
belong  to  muscles  which 
enter  at  its  base  and  under 
surface,  and  attach  it  to 
other  parts :  these  are  called 
the  extrinsic  muscles  of  the 
tongue,  and  are  elsewhere 
described.  Others  which 
constitute  the  intrinsic  or  proper  muscles,  and  are  placed  entirely  within 
the  substance  of  the  organ,  will  be  here  more  particularly  noticed. 
They  are  as  follows  : — 

The  lingualis  snperficialis  (noto-glossus,  Zaglas),  consisting  mainly 
of  longitudinal  fibres,  is  placed  on  the  upper  surface  of  the  tongue, 
immediately  beneath  the  mrcous  membrane,  and  is  traceable  from  the 
apex  of  the  organ  backwarcs  to  the  hyoid  bone  (figs.  233,  234,  /  s). 
The  individual  fibres  do  not  run  the  whole  of  this  distance,  but  are 
attached  at  intervals  to  the  sub-mucous  and  glandular  tissues.  The 
entire  layer  becomes  thinner  towards  the  base  of  the  tongue,  near 
which  it  is  overlapped  at  the  sides  by  a  thin  plane  of  oblique  or  nearly 
transverse  fibres  derived  from  the  palato-glossus  and  byo-glossus  muscles. 
According  to  Zaglas,  the  fibres  of  this  muscle  are  directed  forwards 
and  outwards. 

The  lingualis  inferior  (lingualis  muscle  of  Douglas,  Albinus,  and 
others)  consists  of  a  rounded  muscular  band,  extending  along  the  under 
surface  of  the  tongue  from  base  to  apex,  and  lying  outside  the  genio- 
hyo-glossus  between  that  muscle  and  the hyo-glossus (fig. 234,  li).  Pos- 
teriorly, some  of  its  fibres  are  lost  in  the  substance  of  the  tongue,  and 
others  reach  the  hyoid  bone.  In  front,  having  first  been  joined,  at  the 
anterior  border  of  the  hyo-glossus  muscle,  by  fibres  from  the  stylo- 
glossus, it  is  prolonged  beneath  the  border  of  the  tongue  as  far  as  its 
point. 

The  transverse  muscular  fibres  of  the  tongue  (figs.  233,  234,  t  f) 
form  together  with  the  intermixed  fat  a  considerable  part  of  its  sub- 
stance. They  are  found  in  the  interval  between  the  upper  and  lower 
longitudinal  muscles,  and  they  are  interwoven  extensively  with  the  other 
muscular  fibres.  Passing  outwards  from  the  median  plane,  where  they 
take  origin  from  a  fibrous  septum,  they  reach  the  dorsum  and  borders  of 
the  tongue.     In  proceeding  outwards,  they  separate,  and  the  superior 
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fibres  incline  upAvards,  forming  a  series  of  curves  with  the  concavity 
turned  upwards.     The  fibres  of  the  palato-giossus  muscle  are  found  by 


Fig.  233. 


Fig.  233. — Longitudinal  Yeetical  Section  op  the  Tongue,  Lip,  &c.  (from  EoIIiker 

and  Arnold). 

m,  symphysis  of  tlie  lower  jaw  ;  d,  incisor  tooth  ;  h,  liyoid  bone  ;  g  7i,  genio-hyoid 
muscle  ;  ff,  genio-liyo-glossus  spreading  along  the  whole  of  the  tongue  ;  t  r,  transverse 
muscle  ;  I  s,  superior  longitudinal  muscle  ;  </  I,  lingual  glands  ;  /,  lymjihoid  crypts  ; 
e,  epiglottis  ;  I,  section  of  the  lip  and  labial  glands  ;  o,  cut  fibres  of  the  orbicularis  oris  ; 
I  VI,  levator  menti. 

Zaglas  and  Henle  to  be  continuous  with  fibres  of  the  transverse  set. 

Vertical  fibres  (musculus  perpendicularis  externus  of  Zaglas),  de- 
cussating with  the  transverse  fibres  and  the  insertions  of  the  genio- 
glossus  (fig.  234,  Ii),  form  a  set  of  curves  in  each  half  of  the  tongue 


Fig.  234.  —  Transverse 
Vertical  Section  of  the 
Tongue  in  front  of  the 
Papilla  Vallatjs,  seen 
from  before  (from  Kol- 
liker). 

ff,  the  genio-hyo-glossi 
muscles  ;  g',  the  vertical 
fibres  of  the  right  side  traced 
upwards  to  the  surface  ;  li, 
inferior  longitudinal  muscle 
with  the  divided  ranine  ar- 
tery ;  t  r,  transverse  muscle, 
entire  on  one  side,  but  par- 
tially removed  on  the  other, 
where  the  other  muscles  pass 
through  it ;  c,  sejjtum  lin- 
guEe  ;  h,  hyo-glossus  ;  hgl, 
its  fibres  spreading  upwards 
almost  vertically  outside  tlie 
genio-hyo-glossus  ;  h',  vertical  fibres  reaching  the  surface  ;  I  s,  divided  plates  of  the  fibres 
of  the  superior  longitudinal  muscle  between  the  vertical  fibres  ;  s  t,  g  I,  stylo-glossus ; 
d,  glands  near  the  border  of  the  tongue. 
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with  their  concavity  ontAvards,  and  extending  down  and  out  from  the 
dorsum  to  the  under  surface  of  the  border,  so  that  those  which  are 
outermost  are  shortest.  (Zaglas,  "  On  the  Muscular  Structure  of  the 
Tongue,"  in  Goodsir's  Annals,  I.  p.  1.) 

Examined  in  transverse  sections,  the  muscular  fibres  are  seen  to 
be  arranged  so  as  to  render  the  substance  divisible  into  an  outer 
part  or  cortex  and  an  internal  or  central  part.  The  fibres  of  the  cortex 
are  principally  longitudinal,  derived  superiorly  from  the  lingualis  supe- 
rior, further  outwards  from  the  hyo-glossus,  on  the  side  from  the  stylo- 
glossus, and  beneath  this  from  the  lingualis  inferior.  They  ensheath 
the  medullary  part  on  all  sides  except  inferiorly,  where  the  genio-glossi 
muscles  enter  it  between  the  inferior  linguales.  In  the  medullary  part 
are  found,  imbedded  in  fat,  the  decussating  fibres  of  the  transverse 
muscle  passing  across,  the  genio-glossi  radiating  upwards  and  outwards, 
and  the  vertical  muscles  arching  downwards  and  outwards.  In  addition 
to  the  movements  which  may  be  given  to  the  tongue  by  the  extrinsic 
muscles,  this  organ  is  capable  of  being  curved  upwards,  downwards,  or 
laterally  by  its  cortical  fibres,  it  is  flattened  by  the  vertical  fibres,  and 
its  margins  are  again  drawn  together  by  the  transverse  :  whilst  the 
two  last  mentioned,  acting  together,  would  tend  to  lengthen  the  organ. 

The  septum  of  the  tongue  is  a  thin  fibrous  partition  which  extends 
forwards  from  the  hyoid  bone  to  the  tip,  and  divides  one  half  of  the 
medullary  part  of  the  tongue  fi'om  the  other,  but  does  not  penetrate 
into  the  cortex. 

The  arteries  of  the  tongue  are  derived  from  the  lingnalis.  with  some  small 
branches  from  the  facial  and  ascending-  pharyngeal.  With  these  the  veins  for 
the  most  pax-t  correspond. 

The  nerves  of  the  tongue  (exclusive  of  branches  from  the  sympathetic  nerves) 
are  three  ;  viz..  the  lingual  or  g-ustatory  branch  of  the  fifth  paii',  which  supplies 
the  papills3  and  mucous  membrane  of  the  fore  part  and  sides  of  the  tongue  to 
the  extent  of  about  two-thirds  of  its  surface  ;  the  lingual  branch  of  the  g-losso- 
pharyngeal,  which  sends  filaments  to  the  mucous  membrane  at  the  base  of  the 
tongue,  and  especially  to  the  papillaj  vallatas ;  and,  lastly,  the  hypoglossal  nervC; 
which  is  distributed  to  the  muscles.  Microscopic  gangKa  exist  upon  the  expan- 
sion of  the  glosso-pharyngeal  nerve,  and  in  the  sheep  and  calf  upon  the  gustatory 
division  of  the  fifth. 

The  detailed  description  of  the  blood-vessels  and  nerves  will  be  found  else- 
where. 

THE    PALATE. 

The  roof  of  the  mouth  is  formed  by  the  palate,  which  consists  of  two 
portions ;  the  fore  part  being  named  the  hard  palate,  and  the  back  part, 
the  soft  palate. 

The  osseous  framework  of  the  Iiard  palate,  already  described  with 
the  bones  of  the  face,  is  covered  by  the  periosteum,  and  by  the  lining- 
membrane  of  the  mouth,  which  adhere  intimately  together.  The 
mucous  membrane,  which  is  continuous  with  that  of  the  gums,  is  thick, 
dense,  rather  pale,  and  much  corrugated,  especially  in  front  and  at  the 
sides  ;  but  is  smoother,  thinner,  and  of  a  deeper  colour  behind.  Along 
the  middle  line  is  a  ridge  or  raphe,  ending  in  front  in  a  small  eminence, 
which  corresponds  with  the  lower  opening  of  the  anterior  palatine  canal, 
and  receives  the  terminal  filaments  of  the  naso-palatine  and  anterior 
palatine  nerves.  The  membrane  of  the  hard  palate  is  provided  with 
many  muciparous  glands,  which  form  a  continuouB  layer  between  th^ 
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membrane  and  the  bone  ;  and,  like  the  rest  of  the  mouth,  it  is  coyered 
with  a  squamous  stratified  epithelium. 

In  tlie  rabbit  fine  nervous  fibrils  have  been  traced  forming  a  plexus  in  the 
epithelium  (Elin), 

The  soft  palate  (velum  pendulum  palati)  is  formed  of  a  doubling  of 
mucous  membrane  inclosing  muscular  fibres  and  numerous  glands.  It 
constitutes  an  incomplete  and  moveable  partition  between  the  mouth 
and  the  pharynx,  continncl  from  the  posterior  border  of  the  hard  palate, 

Vrr      O-^T 


Eig.  235. — Antero-Posterior  Vertical  Section  through  the  Head  a  little  to  the 

LEFT    OP     THE     MiDDLE     LiNE,    SHOWING     THE     RELATIONS    OP    THE    NaSAL   AND    BuCCAL 

Cavities,  the  Pharynx,  Larynx,  &c. 

a,  nasal  septum,  and  below  it  the  section  of  the  hard  palate  ;  6,  the  tongue  ;  c,  soft 
palate  ;  d,  the  lips  ;  u,  the  uvula  ;  r,  anterior  pillar  of  the  fauces  ;  i,  posterior  pillar  ; 
t,  the  tonsil  placed  between  the  pillars  ;  p,  upper  part  of  the  pharynx  ;  h,  body  of  the 
hyoid  bone  ;  Ic,  thyroid  cartilage  ;  n,  cricoid  cartilage  ;  v,  on  the  upper  vocal  cords  above 
the  glottis  ;  s,  epiglottis  ;  1,  posterior  opening  of  the  nares  ;  3,  behind  the  isthmus 
faucium  ;  4,  opposite  the  superior  opening  of  the  larynx  ;  5,  passage  into  the  oesophagus  ; 
6,  opening  of  the  right  Eustachian  tube. 

obliquely  downwards  and  backwards  (fig.  235,  c).  Its  form  and  its  infe- 
rior connections,  bounding  the  isthmus  of  the  fauces,  have  been  already 
described,  together  with  the  muscles  which  enter  into  its  composition. 

The  anterior  or  under  surface  of  the  velum,  which  is  visible  in  the 
mouth,  is  concave.  The  mucous  membrane,  continuous  with  that  of 
the  hard  palate,  is  thinner  and  darker  :  it  is  covered  with  a  similar 
epithelium.  The  median  ridge  or  raphe,  which  is  continued  backwards 
from  the  hard  palate  to  the  base  of  the  uvula,  indicates  the  oi'iginal 
separation  of  the  velum  into  two  lateral  halves. 

The  posterior  surface  of  the  soft  palate,  slightly  convex  or  arched, 
is  continuous  above  with  the  floor  of  the  posterior  nares.  It  is  slightly 
elevated  along  the  middle  line,  opposite  to  the  uvula.     The  greater 
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IDorfcion  of  its  mucous  membrane,  as  well  as  that  of  the  free  margin  of 
the  velum,  is  covered  with  scaly,  stratified  epithelium  ;  but  quite  at  its 
upper  portion,  near  the  orifice  of  the  Eustachian  tube,  the  epithelium  is 
columnar  and  ciliated.  In  the  new-born  child  the  Avhole  posterior  sur- 
face is  covered  with  ciliated  epithelium  (Klein),  but  this  becomes  sub- 
sequently replaced  by  squamous  ;  the  epithelium  of  the  gland-ducts, 
however,  retains  in  many  instances  its  ciliated  character. 

On  both  surfaces  of  the  velum  are  found  numerous  small  compound 
glands,  called  the  iMlatine,  glands.  They  particularly  abound  on  the 
upper  surface,  where,  they  form  almost  a  complete  layer  under  the 
mucous  membrane  ;  they  are  also  very  abundant  in  the  uvula. 

THE    TONSILS. 

The  tonsils  (tonsill^e,  amygdalte)  are  two  prominent  bodies,  which 
occupy  the  recesses  formed,  one  on  each  side  of  the  fauces,  between  the 
anterior  and  posterior  palatine  arches  and  the  pillars  of  the  fauces 
(fig.  235,  t). 

They  are  usually  about  half  an  inch  in  length,  and  a  third  in  width 
and  thickness ;  but  they  vary  much  in  size  in  different  individuals. 

The  outer  side  of  the  tonsil  is  connected  with  the  inner  surface  of 
the  superior  constrictor  of  the  pharynx,  and  approaches  very  near  to 
the  internal  carotid  artery.  Considered  in  relation  to  the  surface  of 
the  neck,  the  tonsil  corresponds  to  the  angle  of  the  lower  jaw,  where  it 
may  be  felt  beneath  the  skin  when  it  is  enlarged.  Its  inner  surface, 
projecting  into  the  fauces  between  the  palatine  arches,  presents  from 
twelve  to  fifteen  orifices,  which  give  it  a  perforated  appearance.  These 
orifices  lead  into  recesses  or  crypts  in  the  substance  of  the  tonsil, 
like  those  already  described  (pp.  330-1)  as  occurring  at  the  back  part 
of  the  upper  surface  of  the  tongue.  The  tonsils  contain  a  large  amount 
of  lymphoid  tissue  ;  indeed  this  appears  to  constitute  their  main 
substance. 

These  structures  receive  a  very  large  supply  of  blood  from  various  arteries, 
viz.,  from  the  tonsillar  and  palatine  branches  of  the  facial  artery,  and  from  the 
descending  palatine,  the  ascending  pharyngeal  and  the  dorsalis  linguEe.  From 
these  arteries  fine  branches  and  capillaries  are  distributed  abundantly  to  the 
lymphoid  tissue  and  follicles  and  to  the  papillee  of  the  mucous  membrane  which 
lines  the  recesses.  The  veins  are  numerous,  and  enter  the  tonsillar  plexus  on  its 
outer  side.  The  nerves  come  from  the  glosso -pharyngeal  nerve,  and  from  the 
fifth  pail'.  Lymphatics  are  abundant,  and,  as  in  the  pharynx,  are  collected  into 
a  deep  and  superficial  layer. 

THE    SALIVARY    GLANDS. 

The  saliva,  which  is  poured  into  the  mouth,  and  there  mixed  with 
the  food  during  mastication,  is  secreted  by  three  pairs  of  glands,  named 
fi'om  their  respective  situations,  j?aro^«"i!i',  submaxillary,  and  siiblingual. 
Agreeing  in  their  general  physical  characters  and  minute  structure, 
these  glands  differ  in  their  size,  form,  and  position. 

THE   PAROTID   GLAND. 

The  parotid  (fig.  236,^)  is  the  largest  of  the  three  salivary  glands. 
It  lies  on  the  side  of  the  face,  in  front  of  the  ear,  and  extends  deeply 
into  the  space  behind  the  ramus  of  the  lower  jaw.  Its  weight  varies 
from  five  to  eight  drachms. 

Its  outer  surface  is  convex  and  lobulated,  and  is  covered  by  the  skin 
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and  fascia,  and  partially  by  the  platysma  muscle.  It  is  bounded  above 
by  the  zygoma,  below  by  a  line  drawn  backwards  from  the  lower  border 
of  the  jaw  to  the  sterno-mastoid  muscle,  and  behind  by  the  external 
meatus  of  the  ear,  the  mastoid  process,  and  sterno-mastoid  muscle.    Its 

Fig.  236. 


Fig.  236.— Sketch  OF  a  Superficial  Dissection  op  the  Face,  showing  the  Position 
OP  THE  Parotid  and  Submaxillary  Glands  (Allen  Thomson),     Two-Fifths  the 

Natural  Size. 

p,  the  main  part  of  the  parotid  gland  ;  'p' ,  the  small  part,  which  lies  alongside  the  duct, 
on  the  masseter  muscle  ;  d,  the  duct  of  Stenson  before  it  perforates  the  buccinator  muscle ; 
a,  transverse  facial  artery  ;  ??,  n,  branches  of  the  facial  nerve  emerging  from  below  the 
gland  ;  /,  the  facial  artery  passing  out  of  a  groove  in  the  submaxillary  gland  and  ascend- 
ing on  the  face  ;  s  m,  superficial  larger  i^ortion  of  the  submaxillary  gland  lying  over  the 
posterior  part  of  the  mylo-hyoid  muscle. 

anterior  border,  which  lies  over  the  ramus  of  the  lower  jaw,  is  less 
distinctly  defined,  and  stretches  forwards  to  a  variable  extent  on  the 
masseter  muscle.  It  is  from  this  anterior  border  of  the  gland  that  the 
excretory  duct  passes  off;  and  there  is  frequently  found  in  connection 
with  the  duct,  and  lying  upon  the  masseter  muscle,  a  small  process  or 
a  separated  portion  of  the  gland  (j/),  which  is  called  glandvM  socia 
jMrotkUs.  On  trying  to  raise  the  deeper  part  of  the  parotid  gland 
from  its  position,  it  is  found  to  extend  far^  inwards,  between  the 
mastoid  process  and  the  ramus  of  the  jaw,  towards  the  base  of  the  skull, 
and  to  be  intimately  connected  with  several  deep-seated  parts.  Thus, 
above,  it  reaches  into  and  occupies  the  posterior  part  of  the  glenoid 
cavity ;  behind  and  below,  it  touches  the  digastric  muscle,  and  rests 
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on  the  styloid  process  and  styloid  muscles ;  and,  in  front,  under  cover 
of  the  ramus  of  the  jaw,  it  advances  a  certain  distance  between  the 
external  and  internal  pterygoid  muscles. 

The  internal  carotid  artery  and  internal  jugular  vein  are  close  to  the 
deep  surface  of  the  gland.  The  external  carotid  artery,  accompanied 
by  the  temporal  and  internal  maxillary  veins,  passes  through  the  parotid 
gland,  and  in  that  situation  divides  into  the  temporal  and  internal 
maxillary  arteries,  the  former  soon  giving  off  the  auricular  and  trans- 
verse facial  branches  of  the  temporal.  The  gland  is  also  traversed 
by  the  facial  nerve,  which  divides  into  branches  within  its  substance, 
and  it  is  pierced  by  branches  of  the  great  auricular  nerve. 

The  parotid  d\xct,  named  also  Stenson's  dtict  (d.  Stenonianus), 
appears  at  the  anterior  border  of  the  gland,  about  one  finger's  breadtli 
below  the  zygoma,  and  ruus  forwards  over  the  masseter  muscle,  accom- 
panied by  the  socia  parotidis,  when  that  accessory  portion  of  the  gland 
exists,  and  receiving  its  ducts.  At  the  anterior  border  of  the  masseter, 
the  duct  {d)  turns  inwards  through  the  fat  of  the  cheek  and  pierces  the 
buccinator  muscle ;  and  then,  after  running  for  a  short  distance  ob- 
liquely forwards  beneath  the  mucous  membrane,  opens  upon  the  inner 
surface  of  the  cheek,  by  a  small  orifice  opposite  the  crown  of  the  second 
molar  tooth  of  the  upper  jaw.  Its  direction  across  the  face  may  be 
indicated  by  a  line  drawn  from  the  lower  margin  of  the  concha  of  the 
ear  to  a  point  midway  between  the  red  margin  of  the  lip  and  the  ala 
of  the  nose.  The  length  of  the  Stenonian  duct  is  about  two  inches 
and  a  half,  and  its  thickness  about  one  line  and  a  half.  At  the  place 
where  it  perforates  the  buccinator,  its  canal  is  as  large  as  a  crow-quill, 
but  at  its  orifice  it  is  smaller  than  in  any  other  part,  and  will  only 
admit  a  fine  probe. 

The  vessels  of  the  parotid  giand  enter  and  leave  it  at  numerous  points.  The 
arteries  are  derived  directly  from  the  external  carotid,  and  from  those  of  its 
branches  which  pass  through  or  near  the  gland.  The  veins  correspond.  The 
lymphatics  join  the  deep  and  superficial  set  in  the  neck  ;  and  there  are  often  one 
or  more  lymphatic  glands  embedded  in  the  substance  of  the  parotid.  The  nerves 
come  from  the  sympathetic  (carotid  plexus),  and  also,  it  is  said,  from  the  facial 
and  the  superficial  temporal  and  great  aui'icular  nerves. 

An  instance  is  recorded  by  Graber  of  a  remarkable  displacement  of  the  parotid 
on  one  side ;  the  whole  gland  being  situated  on  the  masseter  muscle  as  if  it  were 
an  enlarged  socia  parotidis.     (Vii'chow's  Arohiv,  xxxii.,  p.  328.) 

THE     SUBMAXILIiAF.y    GLAND. 

The  submaxillary  gland  (figs.  236,  237,  sm),  the  next  in  size  to  the 
parotid,  is  of  a  spheroidal  form,  and  weighs  about  2  or  2i  drachms.  It 
is  situated  immediately  below  the  base  and  the  inner  surface  of_  the 
inferior  maxilla,  and  above  the  digastric  muscle.  In  this  position  it  is 
covered  by  the  skin,  fascia  and  platysma  myoides,  and  its  inner  surface 
rests  on  the  mylo-hyoid,  hyo-glossus,  and  stylo-glossus  muscles  ;  above, 
it  corresponds  with  a  depression  on  the  inner  surface  of  the  jaw-bone  ; 
and  it  is  separated  behind  from  the  parotid  gland  merely  by  the  stylo- 
maxillary  membrane.  The  facial  artery,  before  it  mounts  over  the 
jaw-bone,  lies  in  a  deep  groove  upon  the  back  part  and  upper  border 
of  the  gland. 

The  duct  of  the  submaxillary  gland,  named  Wharton's  duct  [cH,  fig.. 
237),  which  is  about  two  inches  in  length,  passes  ofiP,  together  with 
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a  tliin  process  of  the  glandular  substance,  round  the  posterior  border 
of  the  raylo-h3'oid  muscle  {mh),  and  then  runs  forwards  and  inwards 
above  that  muscle,  between  it  and  the  hyo-giossus  and  genio-hyo- 
giossus,  and  beneath  the  sublingual  gland,  to  reach  the  side  of  the 
frfenuni  linguEe.  Here  it  terminates,  close  to  the  duct  of  the  opposite 
side,  by  a  narrow  orifice,  which  opens  at  the  summit  of  a  soft  papilla  {d) 
seen  beneath  the  tongue.  The  obvious  structure  of  this  gland  is  like 
that  of  the  parotid ;  but  its  lobes  are  larger,  its  surrounding  areolar 
web  is  finer,  and  its  attachments  are  not  so  firm.  Moreover,  its  duct 
has  much  thinner  coats  than  the  parotid  duct. 

The  blood-vessels  of  the  submaxillary  gland  are  branches  of  the  facial  and 
lingual  arteries  and  veins.  "The  nerves  include  those  derived  from  the  sub- 
maxillary ganglion,  and  through  this,  doubtless,  from  the  chorda  tj-mpani,  as 
well  as  branches  from  the  mylo-hyoid  division  of  the  inferior  dental  nerve,  and 
the  sympathetic. 

THE     SUBLINGUAL    GLAND. 

The  sublingual  gland  (fig.  237),  the  smallest  of  the  salivary  glands, 
is  of  a  narrow  oblong  shape  and  weighs  scarcely  one  drachm.     It  is 


Fig.  237.  Fig.  237.— View  op   the  Right  Sub- 

maxillary AND  Sublingual  Glands 
TKOM  THE  Inside  (Allen  Thomson). 

A  part  of  the  right  side  of  the  jaw, 
divided  from  the  left  at  the  symphysis, 
remains  ;  the  tongue  and  its  muscles 
have  been  removed  ;  but  the  mucous 
membraue  of  the  right  side  is  retained 
and  is  drawn  upwards  so  as  to  expose 
the  sublingual  glands  ;  s  m,  the  larger 
superficial  part  of  the  submaxillary 
gland  ;  /,  the  facial  artery  passing 
through  it  ;  s  m',  deep  portion  prolonged 
on  the  inner  side  of  the  mylo-hyoid 
muscle  m  7i ;  s  I,  is  placed  below  the 
anterior  large  part  of  the  sublingual 
gland,  with  the  duct  of  Bartholin  partly 
shown ;  s  I',  placed  above  the  hinder  small  end  of  the  gland,  indicates  one  or  two  of 
the  ducts  perforating  the  mucous  membraue  ;  d,  the  papilla,  at  which  the  duct  of 
Wharton  oj^ens  in  front  behind  the  incisor  teeth  ;  d',  the  commencement  of  the  duct ; 
h,  the  hyoid  bone  ;  ii,  the  gustatory  nerve. 

situated  along  the  floor  of  the  mouth,  where  it  forms  a  ridge  between 
the  tongue  and  the  gums  of  the  lower  jaw,  covered  only  by  the  mucous 
membrane.  It  reaches  from  the  franum  hngute,  in  front,  Avhere  it  is 
in  contact  with  the  gland  of  the  opposite  side,  obliquely  backwards  and 
outwards  for  rather  more  than  an  inch  and  a  half.  On  its  inner  side  it 
rests  on  the  genio-hyo-glossus ;  beneath,  it  is  supported  by  the  mylo- 
hyoid muscle  (mh),  v/hich  is  interposed  between  it  and  the  main  part 
of  the  submaxillary  gland;  but  it  is  here  in  close  contact  with  the 
Whartonian  duct,  Avith  the  accompanying  deep  portion  of  the  last-named 
gland,  and  also  with  the  lingual  branch  of  the  fifth  pair  of  nerves. 

The  lobules  of  the  sublingual  gland  are  not  so  closely  united  together 
as  those  of  the  other  salivary  glands,  and  the  ducts  from  many  of  them 
open  separately  into  the  mouth,  along  the  ridge  which  indicates  the 
position  of  the  gland.  These  ducts,  named  ducts  of  E,ivinns,  are  from 
eight  to  twenty  in  number.      Some  of  them  open  into  the  duct  of 
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Wharton.  One,  longer  than  the  rest  (which  is  occasionally  derived 
in  part  also  from  the  submaxillary  gland),  runs  along  the  Whartoniau 
duct,  and  opens  either  with  it  or  very  near  it ;  this  has  been  named 
the  duct  of  Bartholin. 

The  blood-vessels  of  this  gland  are  supplied  by  the  sublingual  and  submental 
arteries  and  veins.  The  nerves  are  numerous,  and  are  derived  from  the  lingual 
branch  of  the  fifth. 

STRUCTUEE    OF  THE   SALIVARY  GLANDS. 

These  glands  are  constructed  on  the  compound  racemose  type.  Their 
ducts  (traced  backwards),  after  branching  a  certain  number  of  times, 
terminate  in  moderately  fine  ramuscules,  around  which  the  terminal 
recesses  of  the  gland  are  gTOuped,  and  into  which  they  open.  These 
terminal  recesses,  saccules,  or  alveoli  (fig.  238  &)  are  lined  and  almost 

Fig.  238. 


Fig.  238.  — Sectioit  of  the  Submaxillary  Gland  of  the  Dog,  stained  with  cakmine. 
Highly  magnified  (Kolhker). 

a,  cross-section  of  small   salivary  duct  ;  6,   an  alveolus   containing   salivary  cells  ;    c, 

semilunar  body. 

filled  by  an  epithelium,  the  cells  of  which  {salwary  cells)  are  spheroidal 
in  form,  with  flattened  sides  where  they  touch  one  another,  and  consist 
each  of  granular  protoplasm  enclosing  a  nucleus,  which,  in  sections, 
generally  appears  flattened  up  against  the  base  of  the  cell.  This  position 
of  the  nucleus  is,  however,  produced  after  death  ;  in  the  unaltered  con- 
dition it  occupies  a  more  central  position  in  the  cell  (as  shown  in  fig.  240). 

In  the  submaxillary  gland  (and  also,  to  a  less  extent,  in  the  sublingual,  but 
never  in  the  parotid)  the  salivary-cells  for  the  most  isart  contain  mucus,  and  the 
svrelling  up  of  this  by  imbibition  of  water  is  not  improbably  the  cause  of  the 
altered  position  of  the  nucleus,  as  hap]Dens  in  the  formation  of  goblet-cells  from 
columnar  epithelium. 

When  isolated,  the  salivary  cells  not  unfrequently  exhibit  processes, 
one  from  the  base  of  each  cell :  according  to  KoUiker  the  projection 
is  flattened  and  overlaps  the  base  of  a  neighbouring  cell.  A  similar 
relation  of  the  alveolar  cells  has  also  been  pointed  out  in  Brunner's 
glands  of  the  intestine,  which  belong  to  the  same  class  as  the  salivary 
glands  (Schwalbe). 
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The  salivary  alveoli  are  bounded  externally  by  a  basement  membrane, 
which,  however,  appears  in  some  cases  to  be  incomplete,  owing  to  the 
flattened  cells  which  compose  it  being  branched  and  stellate  instead  of 
epithelioid.  Moreover  these  cells  send  processes  inwards  which  form  a 
sustentacular  network  amongst  the  salivary  cells.* 

A  delicate  intra-alveolar  reticulum  is  described  by  various  obseiTers.  enclosing- 
ill  its  meshes  the  alveolar  cells.  It  is  at  jDresent  micertain  whether  the  appear- 
ance is  to  be  referred  to  the  sustentacular  netvv^ork  of  cell-processes  above 
mentioned,  or  to  the  network  of  intercellular  isassages  shown  in  lig.  239,  "or  to  an 
independent  cause. 

In  sections  of  the  submaxillary  gland  there  is  to  be  seen  here  and  there  in  the 
alveoli  a  peculiar  half -moon-shaped  granular  mass,  staining  deeply  with  caiinine, 
and  lying  between  the  salivary-cells  and  the  enclosing  basement  membrane 
(fig.  238,  c).  This  body,  which  was  fii'st  noticed  by  Gianuzzi.  and  has  been 
regarded  as  of  considerable  importance,  we  are  inclined  to  look  upon,  with 
Pflliger,  as  most  probably  due  to  a  i^ost-mortem  change  consequent  on  the 
presence  of  mucus  within  the  more  central  cells — these  becoming  swollen  hj 
imbibition,  and  compressing  the  marginal  cells,  which  contain  no  mucus,  against 
the  basement  membrane.  In  accordance  with  this  view  it  may  be  stated  that  the 
semilunar  body  is  not  found  in  those  animals  (rabbits)  in  which  the  salivaiy-cells 
contain  no  mucus,  nor  in  the  glands  of  other  animals  (dogs)  the  cells  of  which 
have  been  caused  to  discharge  their  contained  mucus  by  irritation  of  the  nerves 
proceeding  to  the  gland  (Heidenhain). 

The  smallest  ducts  of  the  gland,  those  into  which  the  alveoli  open, 
are  composed  only  of  a  basement  membrane  and  a  simple  layer  of 
flattened  epithelium.  After  a  short  course  the  character  of  the 
epithelium  changes  rather  abruptly,  the  cells  becoming  large  and 
columnar,  smalle:it  towards  the  lumen  of  the  tube,  and  each  containing- 
a  roundish  nucleus  near  the  centre  (fig.  238,  a).  The  part  of  the  cell 
nearest  the  lumen  of  the  duct  is  homogeneous  or  granular  in  character, 
whereas  the  part  nearest  the  basement  membrane  appears  finely  striated 
longitudinally.  In  the  ducts  of  the  parotid  gland  this  striated  appear- 
ance is  said  to  be  absent. 

Pflliger  states  that  the  striation  is  due  to  the  presence  of  excessively  fine  varicose 
fibrils,  and  that  these  are  dii-ectly  continuous  with  those  forming  the  axis-cylinders 
of  nerves,  which  he  describes  as  penetrating  the  basement  membrane. 

Tlie  free  ends  of  the  cells,  which  j)roject  into  the  lumen,  present  a  mosaic 
appearance  when  seen  from  the  surface. 

The  larger  ducts  acquire  a  coating   of  fibrous 
Fig.  239.  ^^-^^  elastic  tissue  outside  the  basement  membrane, 

and,  except  in  those  of  the  sublingual  gland,  a 
few  plain  muscular  fibre-cells  are  also  to  be  found  : 
the  columnar  epithelium  becomes  at  the  same  time 
gradually  shorter  and  shorter,  until  in  the  main 
ducts  it  is  cubical  or  even  tesselated. 
Fig.  239. — An  Alveolus  op  a  Compound    Racejiose   Gland, 

INJECTED  FROM  THE  ExCEETORY   DuCT.       HiGHLY  MAGNIFIED. 

Hardly  anything  but  the  dark  injecting  fluid  is  sho-«Ti ;  the 
alveolar  cells  and  nuclei  are  only  faintly  indicated  ;  those  of  the 
duct  are  not  represented  at  all.  The  injection  is  seen  filling 
the  central  cavity  of  the  alveolus,  and  i^assing  from  this  in  fine 
channels  (represented  by  black  reticulating  lines),  between  and 
around  the  cells  (after  Saviotti). 

According  to  the  observations  of  Pfltiger  and  Ewald,  the  central  cavities  of  the 
*  Boll,  Arch.  f.  mikr.  Anat.  v. 
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alveoli  communicate  uatli  fine  passages  (salivary  capillaries) — like  the  bUiaiy 
capillaries  to  be  afterwards  described — which  pass  between  and  around  the 
salivary-cells.  Then.'  statements  on  this  i^oint  agree  generally  with  those  previously 
made  by  Langerhans  and  Saviotti  Avith  reference  to  the  jDancreas,  a  gland  of 
similar  structui-e  (see  fig.  239.) 

The  blood-vessels  of  the  salivary  glands  are  numerous,  and  fonn  a  close  capil- 
lary network  outside  the  basement  membrane  both  of  the  alveoli  and  the  ducts. 

The  lymphatics  were  described  by  G-ianuz^^i  as  commencing  in  the  form  of 
fissui-es  between  and  around  the  alveoli,  but  further  iavestigations  are  requii-ed 
on  this  point.     The  issuing  Ijanphatics  accompany  the  blood-vessels. 

The  nerves  are  large  and  numerous,  and  many  of  them  exliibit  minute  ganglia. 
Some  of  them  have  been  observed  to  terminate  in  Pacuiian  coi-puscles  of  a  simple 
Mnd  (Krause). 

According  to  Pflliger,*  the  basement  membrane  of  the  alveoli,  as  well  as  of 
the  ducts,  is  perforated  by  the  nerves,  which  lose  their  medullary  sheath,  and, 
breaking  up  into  a  nmnber  of  branches,  become  connected  with  the  protoplasm 
of  the  cells,  either  directly  (fig.  240,  A)  or  by  the  medium  of  small  mirltipolar 
ganglion-cells  (B).  Others  he  desc:iibes  as  passing  into  the  cell-nuclei.  Other 
observers,  however,  have  hitherto  failed  to  corroborate  these  statements. 

Fia;.  240. 


A  B 

Fig.   240. — Illustkatixg  Pfluger's  views   of   the  Termination  of  Nerves  in  the 
Alveolar  Cells  (from  Strieker's  Handbook). 

A,  Direct  passage  of  nerve  into  a  salivary  cell ;  B,  by  the  medium  of  a  multipolar 
ganglion-cell,  <j. 

It  may  be  added  that  Pflliger  believes  (and  in  this  he  is  to  some  extent  sup- 
ported by  Heidenhain)  that  the  cells  both  of  the  alveoli  and  of  the  smaller  ducts 
undergo  extensive  disiategration  dnriag  the  active  state  of  the  gland,  and  are 
afterwards  renovated. 


THE    PHARYNX. 

The  pharynx  is  that  part  of  the  alimentary  canal  which  nnites  the 
cavities  of  the  mouth  and  nose  to  the  oesophagus.  It  extends  from  the 
"base  of  the  skull  to  the  lower  border  of  the  cricoid  cartilage,  and  forms 
a  sac  open  at  the  lower  end,  and  imperfect  ia  front,  where  it  presents 
apertures  leading  into  the  nose,  mouth  and  larynx. 

The  velum  pendulum  palati  projects  backwards  into  the  pharynx,  and 

*  Arch.  f.  mikr.  Anat.  V.  ;  and  article,  "Salivary  Glands,"  in  Strieker's  Handbook. 
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during  the  joassage  of  the  food  completely  separates  an  upper  fi'om  a 
lower  part  by  means  of  the  contraction  of  the  muscles  connected  with  it 
which  are  placed  in  the  posterior  pillars  of  the  fauces.  Seven  openings 
lead  into  the  cavity  of  the  pharynx  ;  viz.,  above  the  velum,  the  two 
posterior  openings  of  the  nares  {choanca  narium,  fig.  241,  1),  and  at 
the  sides  the  apertures  of  the  Eustachian  tubes  (6)  ;  while  below  the 
velum,  there  is  first  the  passage  leading  from  the  mouth  (3) ;  then 
the  superior  opening  of  the  larynx  (4),  and  lastly  the  passage  into  the 
oesophagus  (5). 

The  pharynx  is  about  four  inches  and  a  half  in  length,  and  is  con- 
siderably wider  across  than  it  is  deep  from  before  backwards.  Its 
width  above  is  moderate  ;  its  widest  part  is  opposite  the  cornua  of  the 
hyoid  bone,  and  below  this  it  rapidly  contracts  like  a  funnel  towards 
its  termination  in  the  gullet,  opposite  the  cricoid  cartilage,  Avhere  it  is 
narrowest. 

Fig.  241. 


Fig.  241. — Antero-Posterior  Vertical  Section  through  the  Head  a  little  to  the 

LEFT     OF     THE     MiDDLE    LiNE,    SHOWING     THE     RELATIONS    OF    THE   NaSAL   AND   BuCCAL 

Cavities,  the  Pharynx,  Larynx,  &c. 

a,  nasal  septum,  and  below  it  the  section  of  the  hard  palate  ;  6,  the  tongue  ;  c,  soft 
palate ;  d,  the  lips  ;  u,  the  uvula ;  r,  anterior  pillar  of  the  fauces  ;  i,  posterior  pillar  ;. 
t,  the  tonsil  placed  between  the  pillars  ;  p,  upper  part  of  the  pharynx  ;  h,  body  of  the 
hyoid  bone  ;  k,  thyroid  cartilage  ;  «,  cricoid  cartilage  ;  v,  on  the  upper  vocal  cords  above 
the  glottis;  s,  epiglottis;  1,  posterior  opening  of  the  nares  ;  3,  behind  the  isthmus 
faucium  ;  4,  opposite  the  superior  opening  of  the  larynx ;  5,  passage  into  the  oesophagus  ; 
6,  opening  of  the  right  Eustachian  tube. 


Attachments. — The  walls  of  the  pharynx  are  formed  by  a  fascia  or 
layer  of  fibrous  tissue,  named  the  pharyngeal  aponeurosis,  dense  at  ts, 
upper  part  but  lax  and  weak  below,  which  is  surrounded  by  muscles 
and  lined  by  a  mucous  membrane.     At  its  upper  end  this  fibrous  wall 
is  attached  to  the  posterior  part  of  the  body  of  the  sphenoid  bone. 
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and  passes  outwards  to  the  petrous  portion  of  the  temporal.  It  is 
strengthened  in  the  middle  line  by  a  strong  band  descending  between 
the  recti  antici  muscles  from  a  part  of  the  basilar  process  of  the  occipital 
bone  (which  often  presents  a  marked  tubercle). 

The  pharynx  is  usually  described  as  dii'ectly  attached  superiorly  to  the  basilar 
process  of  the  occipital  bone  ;  it  is  certain,  however,  from  dissections  in  both 
young  and  old  subjects,  that  the  recti  capitis  antici  muscles  come  quite  forward 
to  the  anterior  extremity  of  the  basilar  process ;  that  the  posterior  wall  of  the 
pharynx  at  its  upper  end  forms  a  cul-de-sac  on  each  side  opposite  the  tip  of  the 
petrous  bone,  and  lies  in  a  cuiwe,  with  its  convexity  forwards,  in  front  of  the 
recti  muscles  ;  and  that  the  only  connection  of  the  pharynx  with  the  occipital 
bone  is  by  means  of  the  mesial  band,  which  has  just  been  described,  and  which, 
forms  a  cranio-pharjaigeal  ligament  (Cleland).  The  tubercle  from  which  this 
band  principally  springs  is  sometimes  named  tuherculum  jihartjngcum. 

Behind,  the  pharynx  is  loosely  connected  by  areolar  tissue  to  the 
prevertebral  fascia  covering  the  bodies  of  the  cervical  vertebrae  and  the 
muscles  Avhich  rest  upon  them.  At  the  sides  it  has  similar  connections 
with  the  stylo-id  process  and  its  muscles,  and  with  the  large  vessels 
and  nerves  of  the  neck.  In  front,  it  is  attached  in  succession  to  the 
sides  of  the  posterior  nares,  the  mouth  and  the  laryns.  Thus,  com- 
mencing above  by  a  tendinous  structure  only,  at  the  petrous  portion 
of  the  temporal  bone  and  the  Eustachian  tube,  the  pharynx  is  con- 
nected by  means  of  muscle  and  fibrous  membrane,  first,  with  the 
internal  pterygoid  plate,  then  with  the  pterygo-maxillary  ligament,  an(I 
next  with  the  mylo-hyoid  ridge  of  the  lower  jaw;  below  this,  it  is 
attached  to  the  sides  of  the  tongue,  to  the  hyoid  bone,  and, stylo- 
hyoid ligament ;  and,  still  lower  down,  to  the  thyroid  and  cricoid 
cartilages. 

Stmctiirs. — The  muscles  of  the  pharynx  are  the  superior,  middle 
and  inferior  constrictors,  the  stylo-pharyngeus,  and  the  palato-pharyn- 
geus.     They  are  already  described. 

The  mucous  membnine  is  continuous  at  the  several  apertures  with 
that  of  the  adjacent  cavities.  It  varies  somewhat  in  its  character  in 
different  parts.  Its  upper  portion  is  thick  where  it  adheres  to  the  base 
of  the  skull,  but  much  thinner  near  the  entrance  of  the  Eustachian 
tubes  and  the  posterior  nares:  in  this  situation  numerous  racemose 
mucous  glands  are  found  collected  in  a  layer  beneath  the  mucous  mem- 
brane ;  lymphoid  follicles  also  exist  throughout  the  Avhole  of  the  pharynx. 
A  collection  of  these,  forming  a  glandular  mass  similar  to  that  forming 
the  tonsils,  stretches  across  the  back  of  the  pharyngeal  cavity  between 
the  orifices  of  the  two  Eustachian  tubes  (Kolliker).  In  the  part  opposite 
the  fauces,  the  mucous  membrane  exactly  resembles  that  of  the  mouth. 
Lower  down  it  becomes  paler,  and  at  the  back  of  the  larynx  it  forms 
several  longitudinal  folds.  According  to  Henle,  the  epithelium  upon 
the  upper  portion  of  the  pharynx,  as  low  down  as  a  horizontal  line  level 
with  the  floor  of  the  nares,  is  columnar  and  ciliated ;  but,  below  that 
point,  it  is  squamous  and  destitute  of  cilia. 

THE    CESOPHAGUS. 

The  ce-so})liagus  or  gullet,  the  passage  leading  from  the  pharynx  to 
the  stomach,  commences  at  the  cricoid  cartilage  opposite  the  lower 
border  of  the  fifth  cei'vical  vertebra  (sixth,  Braune),  and  descending 
along  the  front  of  the  spine,  passes  through  the  diaphragm  opposite  the 
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ninth  dorsal  yertebra,  and  there  ends  by  opening  into  the  cardiac  orifice 
of  the  stomach. 

Form  and  position. — The  length  of  the  oesophagus  is  about  nine 
or  ten  inches.  It  is  of  smaller  diameter  than  any  other  division  of 
the  alimentary  canal,  its  narrowest  part  being  at  the  commencement 
behind  the  cricoid  cartilage ;  it  is  also  shghtly  constricted  in  passing 
through  the  diaphragm,  but,  below  that,  widens  into  the  stomach. 
The  oesophagus  is  not  quite  straight  in  its  direction,  but  presents 
three  slight  curvatures.  One  of  these  is  an  antero-posterior  flexure, 
corresponding  with  that  of  the  vertebral  column  in  the  neck  and 
thorax.  The  other  two  are  slight  lateral  curves  ;  for  the  oesophagus, 
commencing  in  the  median  line,  inclines  to  the  left  side  as  it  descends 
to  the  root  of  the  neck  ;  thence  to  the  fifth  dorsal  vertebra  it  gradually 
resumes  the  mesial  position ;  and  finally,  it  deviates  again  to  the  left, 
at  the  same  time  coming  forward  towards  the  cesophageal  opening  of 
the  diaphragm. 

Connections. — In  the  lower  cervical  and  upper  dorsal  region  the 
oesophagus  is  applied  to  the  anterior  surface  of  the  spine,  being  con- 
nected with  it  and  with  the  longus  colli  muscle  by  loose  areolar  tissue  ; 
between  it  and  the  bodies  of  the  upper  dorsal  vertebrse  the  thoracic 
dact  ascends  obliquely  from  right  to  left :  its  lower  third  is  placed  in 
front  of  the  aorta.  In  the  neclc,  the  oesophagus  lies  close  behind  the 
trachea,  and  the  recurrent  laryngeal  nerve  ascends  on  either  side  in  the 
angle  between  them  ;  on  each  side  is  the  common  carotid  artery,  and 
also  a  part  of  the  thyroid  body,  but,  as  the  oesophagus  inclines  to  the 
left  side,  it  is  in  more  immediate  connection  with  the  left  carotid.  In 
the  tliorax,  the  oesophagus  is  successively  covered  in  front  by  the  lower 
part  of  the  trachea,  by  the  commencement  of  the  left  bronchus,  and  by 
the  back  of  the  pericardium.  The  aorta,  except  near  the  diaphragm, 
where  the  oesophagus  is  in  front  of  the  vessel,  lies  rather  to  the  left,  and 
the  vena  azygos  to  the  right ;  the  pneumogastric  nerves  descend  in 
close  contact  with  its  sides,  and  form  a  plexus  around  it,  the  left  nerve 
proceeding  gradually  to  the  front,  and  the  right  nerve  retiring  behind 
it.  Lastly,  the  oesophagus,  which  is  here  placed  in  the  interval  be- 
tween the  two  pleurae,  comes  partially  in  contact  with  both  of  those 
membranes. 

Structure. — The  walls  of  the  gullet  are  composed  of  three  coats  ;  viz., 
an  external  or  muscular,  a  middle  or  areolar,  and  an  internal  or  mucous 
coat.  Outside  the  muscular  coat  there  is  a  layer  of  areolar  tissue,  with 
well  marked  elastic  fibres,  which  is  sometimes  spoken  of  as  a  distinct 
coat. 

The  muscular  coat  consists  of  an  external  longitudinal  layer  (seen 
in  section  in  fig.  242,  V)  and  an  internal  circular  layer  (c).  This  twofold 
arrangement  of  the  muscular  fibres  prevails  throughout  the  whole  length 
of  the  alimentary  canal  ;  but  the  two  layers  are  here  much  thicker,  more 
uniformly  disposed,  and  more  evident  than  in  any  other  part  except 
quite  at  the  lower  end  of  the  intestine.  The  external  or  longitudinal 
fibres  are  disposed  at  the  commencement  of  the  tube  in  three  fasciculi, 
one  in  front,  and  one  on  each  side.  The  lateral  fasciculi  are  blended 
above  with  the  inferior  constrictor  of  the  pharynx  ;  the  anterior  fasci- 
culus arises  from  the  back  of  the  cricoid  cartilage  at  the  propiinent 
ridge  between  the  posterior  crico-arytenoid  muscles,  and  its  fibres 
spreading  out  on  each  side  of  the  gullet  as  they  descend,  soon  blend 
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Fig.  242. 


h 


with  those  of  the  lateral  bundles  to  form  a  continuous  layer  around 

the  tube.     The  internal  or  circular  fibres  are  separated  above  by  the 

fibres  of  the  lateral  longitudinal  fasciculi  from  those  of  the  inferior 

constrictor  of  the  pharynx.     The   rings  which  they  form  around  the 

tube  have  a  horizontal  direction  at 

the  upper  and    lower   part  of  the 

oesophagus,  but  in  the  intervening 

space  are  slightly  oblique.     At  the 

lower  end  of  the   oesophagus,  both 

layers  of  fibres  become  continuous 

with  those  of  the  stomach. 

The  muscular  coat  of  the  upper 
end  of  the  oesophagus  is  of  a  well- 
marked  red  colour,  and  consists 
Avholly  of  striped  muscular  fibres; 
but  lower  down,  where  it  becomes 
somewhat  paler,  these  are  gradually 
replaced  by  plain  muscular  fibres, 
which  form  almost  the  whole  of  the 
lower  half.  A  few  striped  fibres, 
however,  are  found  mixed  with 
the  others  throughout  its  whole 
length,  and  even,  it  is  said,  on  the 
cardiac  end  of  the  stomach  (Ficinus). 

The  longitudinal  fibres  of  the  ceso- 
phagus  are  observed  by  Hyrtl  to  be 
sometimes  joined  by  a  broad  band  of 
smooth  muscle,  passing  upwards  from 
the  left  pleura,  and  sometimes  also  by 
another  from  the  left  bronchus. 


The  areolar  or  sti'bi.tmcous  coat 
is  placed  between  the  muscular  and 
mucous  coats,  and  connects  them 
loosely  together.  It  exceeds  the 
mucous  membrane  considerably  in 
thickness,  and  in  it  are  contained 

the  glands  (fig.  242),  which  open  on    fibres  ;    d,    submucous    or  areolar   layer  ; 

/,  papillee  of  mucous  membrane  ;  g,  lami- 
nated epithelial  lining  ;  li,  opening  of  a 
mucous  gland,  of  which  the  saccular  pai-t  is 
seen  imbedded  in  the  submucous  tissue  ;  i, 
fat  vesicles. 


Fig.  242. — Section  of  the  Coats  of  the 
Human  CEsophagus,  50  Diasieteks 
Kolliker). 

The  section  is  transverse,  and  from  near 
the  middle  of  the  gullet,  a,  fibrous  cover- 
ing ;  h,  divided  fibres  of  the  longitudinal 
muscular   coat  ;    c,     transverse    muscular 


the  mucous  membrane 

The  mucous  membrane  is  of 
firm  texture,  and  is  paler  in  colour 
than  that  of  the  pharynx  or  stomach. 
From  its  loose  connections  its  outer 

surface  is  freely  movable  on  the  muscular  tunic  ;  and  when  the  latter 
is  contracted,  as  happens  when  the  oesophagus  is  not  giving  passage 
to  food,  the  mucous  lining  is  thrown  into  longitudinal  folds,  which 
are  in  mutual  contact.  These  folds  disappear  again  on  distension  of  the 
canal. 

Minute  papilla  (/)  are  seen  upon  the  mucous  membrane,  and  the 
whole  is  covered  with  a  thick  stratified  scaly  epithelium,  which  can  be 
traced  as  far  as  the  cardiac  orifice  of  the  stomach,  where  it  suddenly 
passes  into  one  of  a  different  character,  as  will  be  hereafter  noticed. 

The  small  compound  racemose  glands,  named  ccsoiJhageal  glands^ 
which  are  for  the  most  part  situate  as  before  stated  in  the  submucous 
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tissue,  are  especially  numerous  at  the  lower  end  of  the  tube.  A  few  of 
the  smallest  which  are  found  in  the  immediate  neighbourhood  of  the 
opening  into  the  stomach  are  situate  almost  wholly  in  the  substance  of 
the  mucous  membrane. 

iSIext  to  the  submucous  coat  the  mucous  membrane  is  bounded  by 
longitudinally  disposed  plain  muscular  fibres  which,  imperfect  above, 
form  a  continuous  layer  towards  the  lower  end  of  the  tube  {muscidaris 
mucosca). 

Duplicity  of  the  oesophag-us  in  part  of  its  extent,  without  other  abnormality, 
has  been  recorded  (Blaes,  quoted  by  Meckel). 

The  hlood-vesscls  of  the  oesophagus  have  for  the  most  part  a  longitudinal 
arrangement ;  lijmpliatics  are  found  in  both  the  submucous  and  mucous  coats,  a 
certain  amount  of  lymphoid  tissue  also  being  present  in  the  latter.  The  nerves 
fonn  a  gangliated  plexus  between  the  two  layers  of  the  nauscular  coat,  as  in 
other  parts  of  the  alimentary  canal. 


THE   ABDOMINAL   VISCEEA. 

As  that  part  of  the  digestive  canal  which  is  found  beneath  the  dia- 
phragm, and  consists  of  the  stomach  and  intestines,  is  situated  within 
the  cavity  of  the  aidomen,  and  occupies,  together  with  the  liver  (the 
secretion  of  which  it  receives),  by  far  the  greater  part  of  that  cavity, 
the  general  topographic  relations  of  the  abdominal  viscera  may  here  be 
briefly  explained. 

THE     ABDOMEK. 

The  abdomen  is  the  largest  cavity  in  the  body,  and  is  lined  by  an 
extensive  and  complicated  serous  membrane,  named  the  peritoneum. 

It  extends  from  the  diaphragm  above  to  the  levatores  ani  muscles 
below,  and  is  subdivided  into  two  parts :  an  upper  and  larger  part,  ilw 
addomen,  properly  so  called ;  and  a  lower  part,  named  the  j^shnc  cavifij. 
The  limits  between  the  abdominal  and  pelvic  portions  of  the  cavity  are 
marked  by  the  brim  of  the  pelvis. 

The  enclosing  walls  of  this  cavity  are  formed  principally  of  muscles 
and  tendons  which  have  been  already  described.  They  are  strengthened 
internally  by  a  layer  of  fibrous  tissue  lying  between  the  muscles  and  the 
peritoneum,  the  different  parts  of  which  are  described  under  the  names 
of  fascia  transversalis,  fascia  iliaca,  and  anterior  lumbar  fascia.  These 
walls  are  pierced  by  several  apertures,  through  which  are  transmitted 
the  great  vessels  and  some  other  parts,  such  as  the  several  diaphragmatic 
apertures  for  the  aorta,  vena  cava,  and  oesophagus,  and  the  femoral 
arches  and  inguinal  canals.  In  the  median  fibrous  substance  of  the 
anterior  wall  lies  the  umbilical  cicatrix.  The  cavity  of  the  pelvis  is 
also  lined  with  strong  fasciae,  and  partially  by  peritoneum,  and  at  its 
lower  part  are  the  apertures  for  the  transmission  of  the  rectum  and 
the  genito-urinary  passages. 

Hegions.- — For  the  purpose  of  enabling  reference  to  be  made 
to  the  situation  and  condition  of  the  contained  organs,  the  aMomen 
p-oinr  has  been  artificially  subdivided  into  certain  regions,  the  bounda- 
ries of  which  are  indicated  by  lines  drawn  upon  the  surface  of  the  body 
(fig.  243).     Thus,  two  horizontal  lines  drawn  round  the  body  divide  the 
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Fig.  243. 


cavity  into  three  zones  ;  yiz.  an  upper,  a  middle,  and  a  lower.  One  of 
these  lines  commences  at  the  level  of  the  most  prominent  point  of  the 
ninth  costal  cartilages,  the  other  line,  opposite  the  crest  of  the  ilium. 
Each  of  these  zones  again  is  subdivided  into  three  parts  by  means  of 
two  perpendicular  lines,  drawn  from  the  cartilage  of  the  eighth  rib,  on 
each  side,  down  to  the  middle  of  Poupart's  ligament. 

The  upper  zone  is  thus  marked  off  into  the  right  and  left  hypochon- 
driac regions  (fig.  243,  4,  4)  and  the  epigastric  region  (1),  the  depression 
in  the  upper  part  of  which  is  called  scroliculus  cordis,  or  pit  of  the 
stomach.  The  middle  zone  is  divided  into  the  imibiliccd  region  (2)  in 
the  middle,  and  the  right  and  left  hmilar  regions  (5,  5) ;  and  the  inferior 
zone  into  the  hypogastric  region  (3)  in  the  middle,  and  the  iliac  region 
(6,  6)  at  each  side. 

On  opening  the  abdominal 
cavity  from  the  front,  the  trans- 
verse colon  is  seen  passing  from 
right  to  left  and  separating  the 
viscera  into  an  upper  and  lower 
group.  In  the  upper  group  are 
comprised  the  liver,  stomach, 
spleen,  and  the  commencing  part 
of  the  small  intestine;  in  the 
lower,  more  or  less  hidden  by  the 
great  omentum,  are  the  remain- 
ing parts  of  the  small  intestine, 
surrounded  by  the  great  intestine 
and  dipping  into  the  pelvis, 
where  they  come  into  relation 
with  the  rectum  and  bladder,  and 
in  the  female  also  with  the  uterus. 
Lying  more  posteriorly,  and  hid- 
den by  the  intestines,  are  the 
pancreas  and  kidneys. 

The  surfaces  of  the  viscera 
which  are  in  contact  one  Avith 
another,  and  with  the  wall  of  the 
cavity  are  rendered  glistening  by 
a  coating  derived  from  the  lining 
membrane  of  the  cavity,  ihQp)eri- 
toneum;  and  the  various  organs 
are  found  to  be  attached  by 
means  of  folds  or  duplicatures  of 
that  membrane,  termed  mesen- 
teries and  omenta,  which  include  the  blood-vessels,  nerves,  and  lym- 
phatics belonging  to  each  organ. 

Subjoined  is  an  enumeration  of  the  viscera  situated  in  the  different 
regions  of  the  abdomen. 


Fig.    243. — Outline  of   the  Anterior 

SURFACE     OF     THE    AbDOJIEN,     SHOWING 
THE    DIVISION    INTO   REGIONS. 

1 ,  epigastric  region  ;  2,  umbilical  ;  3, 
hypogastric  ;  4,  4,  riglit  and  left  hypo- 
chondriac  ;  5,  5,  right  and  left  lumbar  ; 
6,  6,  right  and  left  iliac. 


Epigastric  reg-ion 


Hypochondiiac,  riglit 


\  Tlie  right  part  of  the  stomach,  the  pancreas, 
\      and  part  of  the  liver. 

i  The  right  lobe  of   the  liver,  with  the  gall- 

*      bladder,  part  of  the  duodenum,  the  hepatic 

'  'S      flexure  of  the  colon,  pai-t  of  the  right  kidney 

(      with  the  con-esponding  suprarenal  capsule. 


I 

[ 
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fThe  large  end  of  the  stomach,  with  the  spleen 

I      and  naiTow  extremity  of  the  pancreas,  the 

,       ^  .       ,  „,         J      splenic  flexure  of  the  colon,  and  the  upper 
Eypochondriac,  left .    .-^      ^^^^  ^^  ^^^  ^^^^  ^^^^  ^^.^j^  ^^^^  ^^^.^  ^^^^^^,^_ 

renal  capsule.     Sometimes  also  a  part  of 
the  left  lobe  of  the  liver. 
Part  of    the  omentum    and    mesentery,  the 
1     transverse  part  of  the  colon,  lower  part  of 

Lmui  ica <     ^j^g  duodenum,  with  some  convolutions  of 

'     the  jejunum  and  ileum. 
.  -  j  The  ascending  colon,  lower  half  of  the  kidney, 

Lumbar,  right  .     .     .     .  ^      ^^^  ^^^^  ^^  ^j^^  duodenum  and  jejunum. 

.^  „  (  The  descending  colon  and  lower  j^art  of  the 

Lumbar,  left     .     .     .     .  j      ^^^^  kidney,  with  part  of  the  jejunum. 

(  The  convolutions  of  the  ileum,  the  bladder  in 
Hypogastric ■;      childi'en,  and,  if  distended,  in  adults  also  ; 

(     the  uterus  when  in  the  gravid  state. 
.  \  The  cascum,  with  the  ap]3endix  vermiformis, 

iliac,  right I      ^^^  ^j^g  termination  of  the  ileum. 

Iliac,  left The  sigmoid  flexure  of  the  colon. 

THE    PERITONEUM. 

The  peritoneum  or  serous  membrane  of  the  abdominal  cavity  is  by 
far  the  most  extensive  and  complicated  of  the  serous  membranes.  Like 
the  others  it  may  be  considered  to  form  a  shut  sac,  on  the  outside  of 
which  are  placed  the  viscera  which  it  covers.  In  the  female,  however, 
the  two  Fallopian  tubes  open  at  their  free  extremities  into  the  cavity 
of  the  peritoneum.  The  internal  surface  is  free,  smooth,  and  moist. 
The  external  or  attached  surface  adheres  partly  to  the  parietes  of  the 
abdomen  and  pelvis,  and  partly  to  the  outer  surface  of  the  viscera 
situated  within  them.  The  jMriefal  portion  is  connected  with  the 
fascia  lining  the  abdomen  and  pelvis  by  means  of  a  layer  of  areolar 
tissue,  distinct  from  the  abdominal  fascia,  and  named  the  subperitoneal 
layer  ;  it  is  more  firmly  adherent  along  the  middle  line  of  the  body  in 
front,  as  well  as  to  the  under  surface  of  the  diaphragm.  The  visceral 
portion,  which  is  thinner  than  the  other,  affords  a  more  or  less  complete 
covering  to  most  of  the  abdominal  and  pelvic  organs. 

The  folds  of  the  peritoneum  are  of  various  kinds.  Some  of  them, 
constituting  the  mesentei'ies,  connect  certain  portions  of  the  intestinal 
canal  with  the  posterior  wall  of  the  abdomen ;  they  are,  the  mesentery 
properly  so  called  for  the  jejunum  and  ileum,  the  meso-csecum,  trans- 
verse and  sigmoid  meso-colon,  and  the  meso-rectum.  Other  duplica- 
tures  exist,  which  are  called  omenta;  they  are  the  great  omentum  or 
epiploon,  the  small  omentum,  and  the  gastro-splenic  omentum..  Lastly, 
certain  reflexions  of  the  peritoneum  from  the  walls  of  the  abdomen  or 
pelvis  to  viscera  which  are  not  portions  of  the  intestinal  canal,  are 
nsimed  Ngamenis :  such  are  the  ligaments  of  the  liver,  spleen,  uterus,  and 
bladder. 

These  folds  or  ligaments  will  be  specially  described  with  the  viscera 
with  which  they  are  connected. 

Like  other  serous  membranes  the  peritoneum  is  continuous  through- 
out its  whole  extent,  and  its  continuity  may  be  traced  from  any  one 
point  to  any  other  near  or  distant ;  but  the  description  of  this  will 
be  most  readily  understood  after  an  account  has  been  given  of  the 
several  viscera  to  which  the  membrane  is  related. 


THE  STOMACH. 


349 


THE    STOMACH. 


from 


Fig.  244. 


The  (Dssophagus,  as  already  said,  tei'minates  in  the  stomach, 
which  the  intestine  leads  off. 

This  organ  is  seated  in  the  left  hypochondriac  and  the  epigastric 
regions,  extending  somewhat  into  the  right  hypochondrinm.  It  lies  in 
part  against  the  anterior  wall  of  the  abdomen,  and  in  part  beneath  the 
liver  and  diaphragm,  and  above  the  transverse  colon. 

In  shape  it  is  somewhat  conical  or  pyriform.  The  left  extremity 
(fig.  244,  c),  is  the  larger,  and  is  named  the  cardiac,  great  or  splenic 
end.  The  right  or  small  end  is  also  named  the  pig^oric  extremity. 
Of  its  two  orifices,  the  one  by  which  food  enters  from  the  oesophagus 
is  named  the  cardiac  orifice  (o),  the  other,  by  which  it  passes  into  the 
duodenum,  and  which  is  placed  on  a  somewhat  lower  level,  and  more 
forwards,  is  the  2}gloric  orifice  (p). 

The  cardiac  orifice  is  two  or 
three  inches  from  the  great  ex- 
tremity, which  projects  to  the 
left,  forming  the  great  cul-cle-sac 
ox  fundus. 

Between  the  cardiac  and  the 
pyloric  orifices,  the  outline  of  the 
stomach  is  curved  along  its  upper 
and  lower  borders.  The  upper 
border,  about  three  or  four  inches 
in  length,  is  concave,  and  is 
named  the  lesser  curvature  (&) ; 
while  the  lower  border,  which 
is  much  longer,  and,  except  to- 
wards the  pylorus,  convex,  forms 
the  greater  curvature  («). 

Towards  the  pylorus,  the  small 
end  of  the  stomach  describes  a 
double  bend,  opposite  to  the  first 

turn  of  which  is  a  prominence  or   bulging,    sometimes    named  the 
small  cul-de-sac  or  antrum  injlori  (d). 

Dimensions. — These  vary  greatly  in  different  subjects,  and  also 
according  to  the  state  of  distension  of  the  organ.  When  moderately 
filled,  its  length  is  about  ten  or  twelve  inches  ;  and  its  diameter  at 
the  widest  part,  from  four  to  five  inches.  It  weighs,  when  freed  from 
other  parts,  about  four  Ounces  and  a  half  in  the  male,  and  some- 
what less  in  the  female  (Clendinning). 

Connections. — The  borders  of  the  stomach  are  connected  with  folds 
of  peritoneum  in  their  whole  extent.  Thus,  the  superior  border  is 
comiected  with  the  under  surface  of  the  liver  by  a  duplicature  of  peri- 
toneum, the  gastro-hepatic  or  lesser  omentum,  and  at  the  left  of  the 
cardia  between  it  and  the  diaphragm  is  a  small  fold  termed  the  gastro- 
phrenic ligament  ;  to  the  inferior  border  is  attached  the  great 
omentum,  beneath  which  is  the  transverse  arch  of  the  colon,  while  at 
the  left  extremity  it  is  connected  with  the  spleen  by  a  duplicature 
of  peritoneum,  continuous  with  the  left  border  of  the  great  omentum, 
and  named  the  gastro-splenic  ligament.     The  blood-vessels  and  lynx- 


Fig.    244. — Diagrammatic   Outline  op 
THE  Stomach. 

a,  great  curvature ;  h,  lesser  curva- 
ture ;  c,  left  end,  great  cul-de-sac,  or 
fundus  ;  d,  small  cul-de-sac,  or  antrum 
pylori  ;  o,  cesophageal  oiifice  or  cardia  ; 
}),  duodenal  orifice  or  pjdorus. 
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pliatics  of  the  stomacli  pass  within  these  duplicatures  of  the  membrane, 
and  reach  the  organ  along  its  two  curvatures.  Its  anterior  and  posterior 
surfaces  are  free,  smooth,  and  covered  with  peritoneum.  The  anterior 
surface,  which  is  directed  upwards  as  well  as  forwards,  is  in  contact 
above  with  the  diaphragm  and  the  under  surface  of  the  liver,  and  lower 
down  with  the  abdominal  parietes  o})posite  the  epigastric  region,  which 
is  hence  named  the  ^^H  of  the  stomach.  The  posterior  surface  is  turned 
downwards  and  backwards,  and  rests  upon  the  transverse  meso-colon, 
behind  which  are  the  pancreas  and  great  vessels  of  the  abdomen. 

At  its  cardiac  orifice  it  is  continuous  with  the  gullet,  and  is  there 
fixed  by  a  reflection  of  peritoneum  to  the  oesophageal  opening  in  the 
diaphragm.  The  pyloric  extremity,  situated  lower  down,  nearer  to 
the  surface,  and  having  greater  freedom  of  motion,  is  continuous  with 
the  duodenum,  is  covered  by  the  concave  surface  of  the  liver,  and  in 
some  cases  touches  the  neck  of  the  gall-bladder. 

When  the  stomach  is  distended,  its  position  and  direction  are 
changed.  The  great  curvature  is  elevated  and  at  the  same  time  car- 
ried forwards,  whilst  the  anterior  surface  is  turned  upwards,  and  the 
posterior  surface  downwards. 

STKUCTURE. 

The  stomach  has  four  coats,  named,  in  order  from  without  inwards, 
the  serous,  muscular,  areolar  or  submucous,  and  mucous  coats  (fig.  245). 
Taking  all  the  coats  together,  they  are  thinner  than  those  of  the  oeso- 
phagus, but  rather  thicker  than  those  of  the  intestines  generally.  They 
are  thickest  at  the  pyloric  end,  and  thinnest  in  the  great  cul-de-sac. 


Fi<;.  245. 


Fig.  245.  — DiAGRAMiiATic  View  in  Perspective 
OF  A  Portion  op  the  Coats  of  the  Stojiach 
AND  Duodenum,  including  the  Pyloiius 
(Allen  Thomson). 

g,  the  inner  surface  of  the  gastric  mucous 
membrane  ;  g',  section  of  the  mucous  membrane 
with  the  pyloric  gastric  glands  ;  v,  the  villous  sur- 
face of  the  mucous  membrane  of  the  duodenum  : 
i,  section  of  the  same  -with  the  intestinal  glands 
or  crypts  of  Lieberkiihn;  p  p,  the  ridge  of  the 
pyloric  ring,  with  a  section  of  its  component 
l.iarts  ;  m  i,  deep  or  circular  layer  of  muscular 
libres  :  these  are  seen  in  the  section  to  form  the 
pyloric  sphincter  ;  m  e,  external  or  longitudinal 
layer  of  muscular  fibres  ;  s,  the  serous  covering. 


The  external  or  serous  coat  (s),  derived  from  the  peritoneum,  is  a 
thin,  smooth,  transparent,  and  elastic  membrane  which  closely  covers 
the  entire  viscus,  excepting  along  its  two  curvatures.  Along  the  line 
of  these  curvatures  the  attachment  is  looser,  leaving  an  interval  occu- 
pied by  the  larger  blood-vessels. 

The  second  or  musciilar  coat,  is  composed  of  plain  muscular  tissue, 
forming  three  sets  of  fibres,  disposed  in  layers,  and  named,  from  their 
direction,  the  longitudinal,  the  circular,  and  the  oblique  fibres. 

.  The  first  or  outermost  layer  consists  of  the  longitudinal  fibres  (fig. 
245,  me,  fig.  246,  A),  which  are  in  direct  continuity  with  those  of  the 
oesophagus.  They  spread  out  in  a  radiating  manner  from  the  cardiac 
orifice,  and  are  found  in  greatest  abundance  along  the  curvatures,  espe- 
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cially  the  lesser  one.     On  the  anterior  and  posterior  surfaces  they  are 
very  thinly  scattered,  or  scarcely  to  be  found,  but  towards  the  pylorus 


Fig.  246.— Sketch 
OF  THE  Distri- 
bution OP  Mus- 
cular Fibres  in 
THE  Stomach 
(Allen  Thomson). 
One-Third  the 
Natural  Size. 

A,  external  layer 
of  longitudinal  fi- 
bres, as  seen  from 
the  outside  ;  B, 
middle  laj'er  of  cir- 
cular fibres  as  seen 
on  removing  the 
longitudinal  layer  ; 
C,  oblique  fibres  ex- 
posed by  rem.oving 
some  of  the  fibres  of 
the  circular  layer,  the 
cut  edges  of  which 
are  seen  below  the 
lesser  curvature  ;  c, 
the  cardiac  end  ;  p, 
the  pyloric  end  ;  in 
A,  the  stronger  longi- 
tudinal fibres  passing 
along  the  lesser  and 
greater  curvatures, 
and  all  round  the 
pyloric  end,  are 
shown,  and  the  radi- 
ating fibres  spreading 
from  the  end  of  the 
gullet  over  the  front 
(and  back)  of  the 
stomach ;  in  B,  the 
nearly  uniform  layer 
of  circular  fibres,  in 
two  sets  crossing  each 
other  very  obliquely 
at  0,  and  at  the  car- 
diac end  becoming 
concentric  to  the 
centre  of  the  great 
cul-de-sac  ;  in  C,  the 
oblique  fibres,  ob,  oh', 
which  form  a  con- 
tinuation of  the  cir- 
cular fibres  of  the 
giillet  (ce)  and  spread 
from  the  left  side  of 
the  cardia,  gradually 
merging  into  the 
deeper  circular  fibres 
with  which,  towards 
cce,  they  entirely 
blend. 


Fig.  246. 


cce 


are  well  marked  and  form  a  thick  uniform  layer,  which,  passing  over 
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the  pylorus,  becomes  continuous  with  the  longitudinal  fibres  of  the 
duodenum. 

The  second  set  consists  of  the  circular  fibres  (fig.  245,  mi,  fig.  246,  b), 
•which  form  a  complete  layer  over  the  whole  extent  of  the  stomach. 
They  commence  by  small  and  thinly  scattered  rings  at  the  left  extremity 
of  the  great  cul-de-sac,  describe  larger  and  larger  circles  as  they  sur- 
round the  body  of  the  stomach  concentric  to  its  curved  axis,  and 
towards  the  pyloric  end  again  form  smaller  rings,  and  at  the  same  time 
become  much  thicker  and  stronger  than  at  any  other  point.  At  the 
pylorus  itself,  they  are  gathered  into  an  annular  bundle  (fig.  245  in 
section),  which  projects  inwards  into  the  cavity,  and  forms,  within 
the  annular  fold  of  mucous  membrane,  the  pyloric  sphincter.  Some  of 
the  circular  fibres  appear  to  be  continued  from  those  of  the  oesophagus, 
spreading  from  its  right  side. 

The  innermost  muscular  layer  is  incomplete,  and  consists  of  the 
oUique  fibres  (fig.  246,  o).  These  are  continuous  with  the  circular  fibres 
of  the  gullet ;  they  embrace  the  cardiac  orifice  on  the  left,  where  thej 
form  a  considerable  stratum  and  from  that  point  descend  obliquely 
upon  the  anterior  and  posterior  surfaces  of  the  stomach,  where  they 
spread  out  from  one  another,  and  taking  the  direction  of  the  circular 
fibres,  gradually  disappear.  A  similar  set  of  fibres  are  noticed  by  Henle, 
and  more  fully  described  by  Pettigrew  as  proceeding  from  the  right  side 
of  the  cardia  and  spreading  over  the  front  and  back  of  the  great  cul-de- 
sac  :  these  are  in  part  continuous  with  the  circular  layer.  The  oblique 
fibres  are  best  seen  from  the  inside  of  the  stomach,  after  removing  the 
mucous  membrane. 

The  areolar  or  submucous  coat  of  the  stomach  is  a  distinct  layer 
placed  between  the  muscular  and  mucous  coats,  and  connected  with 
both  :  it  consists  essentially  of  areolar  tissue,  in  which  occasional 
fat-cells  may  be  found  ;  and  it  is  the  seat  of  division  and  passage  of 
the  blood-vessels. 

The  internal  or  mucous  coat  is  a  smooth,  soft,  rather  thick  and 
pulpy  membrane,  which  has  generally  a  somewhat  pink  hue  owing  to 
the  blood  in  its  capillary  vessels,  but  after  it  has  been  well  washed, 
is  of  a  greyish  white  or  pale  straw  colour.  In  some  cases,  however, 
it  presents  this  pale  aspect  without  any  previous  washing.  In  infancy 
the  vascular  redness  is  more  marked,  the  surface  having  then  a  rosy 
hue,  but  it  becomes  paler  in  childhood,  and  in  aged  persons  is  often 
of  an  ash-grey  colour.  During  digestion  its  vessels  become  congested, 
and  when  examined  in  that  condition  it  is  always  of  a  much  brighter 
pink  than  at  other  times. 

After  deatli  a  few  hours  often  suffice  to  change  its  colour  to  a  dii-ty  bro"mi  tint, 
mottled  and  streaked  in  some  cases  with  dull  red  lines,  con-esponding  with  the 
coui'se  of  the  veins.  This  alteration  is  owing  to  the  exudation  of  the  colouring 
matter  of  the  blood,  and  is  especially  met  with  in  old  subjects,  in  whom  the 
mucous  membrane  is  always  thin.  In  acute  inflammation,  or  after  the  intro- 
duction of  iiiitating  substances  or  of  strong  acrid  poisons,  it  becomes  of  a  bright 
red,  either  all  over  or  in  spots,  patches  or  streaks  of  variable  sizes.  Corrosive 
poisons,  the  gastric  juice,  and  sometimes  regui'gitating  bile,  may  stain  it  variously, 
black,  brown,  yellow,  or  gi-een.  As  was  pointed  out  by  Yelloly,  ia  cases  of 
obstructed  venous  circulation,  as  when  death  occurs  from  hanging  or  from 
drowning,  and  from  certain  diseases  of  the  heart,  the  surface  of  the  stomach  is 
reddened ;  but  the  amount  of  vascularity  may  vary  also  from  circumstances 
which  are  not  well  understood. 
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The  mucons  membrane  is  thiclcest  in  the  pyloric  region,  and  thinnest 
in  the  great  cul-de-sac.     It  always  becomes  thinner  in  old  age. 

It  is  connected  with  the  muscular  coat  by  means  of  the  intervening 
submucous  layer  so  loosely  as  to  allow  of  considerable  movement  or 
displacement.  In  consequence  of  this,  and  of  the  want  of  elasticity  of 
the  mucous  membrane,  the  internal  surface  of  the  stomach,  when  that 
organ  is  in  a  contracted  state,  is  thrown  into  numerous  convoluted 
ridges,  ruga,  which  are  produced  by  the  wrinkling  of  the  mucous, 
together  with  the  areolar  coat,  and  are  entirely  obliterated  by  disten- 
sion of  the  stomach.  These  folds  are  most  evident  along  the  greater 
curvature,  and  have  a  general  longitudinal  direction. 

On  examining  the  gastric  mucous  membrane  closely  with  the  aid  of 
a  simple  lens,  it  is  seen  to  be  marked  throughout,  but  more  plainly 
towards  the  pyloric  extremity,  with  small  depressions  named  alveoli:' 
which  have  a  polygonal  figure,  and  vary  from  about  ^o^li  to  y^oth 
of  an  inch  across,  being  larger  and  more  oblong  near  the  pylorus. 

Towards  the  pyloric  region  of  the  stomach  the  margins  of  these 
alveoli  are  elevated  into  pointed  processes  or  fringes,  which  may  be  com- 
pared to  rudimentary  villi,  the  perfect  forms  of  those  appendages  ex- 
isting only  in  the  small  intestine,  and  making  their  appearance  in  the 
duodenum.,  immediately  beyond  the  pylorus. 

The  thick  stratified  epithelium  of  the  Kg.  247. 

oesophagus  passes  abruptly  at  the  cardia 
into  a  simple  layer  of  columnar  epithe- 
hum,  which  completely  covers  the  inner 
surface  of  the  stomach,  and  extends  to 
a  variable  distance  into  the  mouths  of  the 
gastric  glands.  It  agrees  essentially  with 
the  similar  epithelium  which  covers  the 
intestine,  and  which  will  be  afterwards 
more  particularly  described. 

As  first  shown  by  Sprott  Boyd,  the 
alveoli  are  dotted  all  over  with  small 
round  apertures,  which  are  the  mouths  of 
minute  tubular  glands  {gastric  glands), 
placed  perpendicularly  to  the  surface, 
closed  at  their  deep  extremity,  which  ex- 
tends almost  to  the  submucous  areolar 
tissue,  and  opening  at  the  other  end  on 
the  inner  surface  of  the  stomach.  On 
making  a  vertical  section  of  the  mem- 
brane, and  submitting  it  to  microscopic 
examination,  it  is  seen  to  consist  almost 
entirely  of  these  small  tuhuli,  arranged 
close  to  and  parallel  with  each  other  (fig. 
247,  a).  Their  diameter  varies  from  -^^ 
to  j-eoth  of  an  inch,  and  their  length 
from  eVth  to  i^Vth  of  an  inch.  At  the 
cardiac  end  of  the  stomach,  where  the 
membrane  is  thinnest,  they  are  shorter, 
and  are  for  the  most  part  simply  tubular ;  but,  in  approaching  the  pyloric 
portion,  they  gradually  become  longer  and  assume  a  more  complicated 
*  The  alveoli  were  termed  "  stomacli-cells  "  by  Boyd. 


t^u4s.yfe^t4^'J^' 


Fig.  247. — Vektical  Transverse, 
Section  of  the  Coats  op  a 
Pig's  Stomach.  30  Diameters- 
(from  KoUiker). 

a,  gastric  glands  ;  h,  muscu.ar 
layer  of  the  mucons  membrane  ;. 
c,  submucous  or  areolar  coat  ;  d, 
circular  muscular  layer ;  e,  longi- 
tudinal muscular  layer  ;  /,  serous 
coat. 
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form,  for,  though  simple  near  their  orifices,  they  may,  towards  their 
deep  or  closed  extremity,  be  cleft  into  two  or  three,  or  even  eventually 
into  six  or  eight  branches  (figs.  248  and  249).  The  glands  have  exter- 
nally a  basement  membrane,  composed  of  flattened  cells  joined  edge  to 
edge,  and  with  processes  which  on  the  one  side  join  the  retiform  tissue 
of  the  mucous  membrane,  and  on  the  other  side,  more  delicate,  extend 
in  amongst  and  support  the  enclosed  epithelium  cells.* 

Two  kinds  of  glands  are  distinguished, 
which  differ  from  one  another  both  in 
the  character  of  the  enclosed  cells,  and,  it 
is  believed,  in  the  nature  of  their  secretion. 
Those  of  the  one  kind  (fig.  249,  m),  which 
axe  simpler  in  structure  and  fewer  in 
number  than  the  others,  and  are  found 
most  numerously  in  the  pyloric  region,  are 
lined  throughout  by  an  epithelium  which 
is  continuous  with  and  in  many  respects 
similar  to  the  columnar  epithelium  which 
covers  the  general  surface  of  the  stomach 
between  the  mouths  of  the  glands.  In  the 
deeper  parts,  however,  of  these  pyloric 
glands — or  mucous  glands  as  they  have 
been  termed  from  the  supposed  nature  of 
their  secretion — the  lining  cells  become 
shorter  and  more  cubical,  and  according 
to  Ebstein  approach  in  character  to  the 
"  central "  cells  of  the  other  glands.  These, 
which  are  commonly  known  as  peptic  glands, 
are  lined  to  a  variable  depth  by  the  colum- 
nar epithelium  cells  (fig.  248,  a),  which 
are  then  (at  the  neck  of  the  gland)  suc- 
ceeded by  large  spheroidal  or  ovoidal 
coarsely  granular  cells,  Avhich  have  long 
been  known  as  "  peptic  "  cells  (fig.  248,  c  ; 
fig.  249,  p,  1).  Towards  the  bottom  (or 
fundus)  of  the  gland,  however,  the  peptic 
cells  do  not  form  a  regular  lining,  but  are 
found  only  here  and  there  (fig.  249,  p,  2h  2) 
producing  generally  an  outward  bulging 
of  the  basement  membrane  where  they 
occur ;  the  rest  of  the  tube  is  here  occu- 
pied, except  a  small  channel  left  along  the  middle,  by  finely  granular, 
polyhedral  or  angular  cells,  which,  from  their  position,  may  be  termed 
the  "  central  "  cells  of  the  gland  (Ji).  According  to  Heidenhain,  these 
extend  up  into  the  neck  of  the  gland,  and  become  continuous  with 
the  columnar  epithelium  there. 

It  is  only  quite  recently  that  attention  has  been  more  especially  dra-mi  to  these 
•central  cells  (Heidenhain,  EoUett).  From  the  changes  which  they  appear  to 
nndergo  duiing  the  functional  activity  of  the  stomach,  Heidenhain  was  led  to 
infer  that  it  is  these  cells,  and  not  those  ordinarily  known  as  peptic  cells,  which 
:are  concerned  in  the  secretion  of  pepsin,  hence  he  named  them  the  principal  cells 

These  sustentacular  processes  are  nmcli  more  developed  in  the  gastric  glands  of  some 
.animals  (porpoise,  pig)  than  in  those  of  the  human  stomach  (F.  E.  Schultze,  Heidenliain). 


248.  —  Peptic  Gastric 
Glands  fkom  the  Dog's 
Stomach,  magnified  (from 
Frey). 

1,  longitudinal  view,  a,  mouth 
of  the  g]and  ;  h,  one  of  the  first 
tubular  divisions  of  the  gland  ; 
c,  the  single  tubes  partly  occupied 
hy  the  peptic  cells  ;  c^,  some  of 
the  cells  pressed  out  ;  2,  cross 
■section  near  the  mouth,  showing 
the  epithelial  lining  ;  3,  cross 
section  of  the  simple  tubes,  near 
the  neck  of  the  gland. 
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(Hauptzellen)  of  the  gland.  The  columnar  epithelium  cells  of  the  mouths  of 
the  glands,  as  well  as  of  the  general  suii'ace,  contain  and  secrete  mucus,  and  are 
hence  very  readily  transfoimed  p 


into  goblet-cells  after  death.  In 
some  animals,  the  dog,  for 
example,  it  is  found  that  the 
pyloric  part  possesses  only  the 
so-called  mucous  glands ;  the 
cardiac  part  only  peptic,  the  two 
lands  passing,  however,  gradu- 
ally the  one  into  the  other.  In 
•the  human  subject,  however, 
the  two  kinds  of  glands  are  less 
distinctly  separated. 

Between  and  at  the  base 
of  the  glands  the  mucous 
membrane  consists  of  a 
delicate  connective  tissue 
■with  retiform  or  lymphoid 
tissue  in  small  amount. 

The  stomachs  of  young 
persons,  to  all  appearance 
healthy,  sometimes  present 
a  mammillated  aspect,  due 
to  little  elevations  of  the 
surface,  which  are  produced 
by  local  accumulations  of 
lymphoid  tissue,  and  some- 
what resemble  the  solitary 
follicles  of  the  intestine  in 
appearance.  The  lymphoid 
accumulations  in  question 
are,  however,  situated 
amongst  the  glands  near  the 
surface  of  the  stomach,  and 
do  not  e.xtend  into  the  sub- 
mucous tissue  ;  moreover 
they  are  not  distinctly  cir- 
cumscribed, but  fade  off  into 
the  surrounding  retiform 
tissue. 

A  thin  layer  of  plain  mus- 
cular tissue  {muscularis  mu- 
cosa)  bounds    the    mucous 


Fig.  249. 
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Fig.     249. — GrASTRic    Glands     i.-ROJt    the     Dog's 
Stomach,  Highly  Magnified. 

P.  Portions  op  a  "Peptic"  Gland. 
1,  neck  of  the  glaad  ;  2,  fundus  ;  3,  transverse 
section  ;   p,    peptic   cells    (Belegzellen)  ;  A,   central 
cells  (Hauptzellen)  ;  c,  ends  of  columnar  cells  (after 
Heidenhain). 

M.    A  Pyloric  or  Mucous  Gland. 
w^,    mouth ;    n,    neck  ;    tr,    a   deep   portion    cut 
transversely  (after  Ebstein). 


membrane  externally,  sepa- 
rating it  from  the  submucous  tissue  (fig.  217,  &).  It  commonly  con- 
sists of  more  than  one  stratum  (an  outer  longitudinal  and  an  inner 
circular),  and  is  better  marked  in  some  animals  than  in  man.  Off- 
sets pass  from  it  between  the  gastric  glands  towards  the  surface  of 
the  mucous  membrane. 

Vessels  and  Nerves. — The  stomach  is  a  highly  vascular  organ.  Its  arterial 
Tjranches,  derived  from  all  three  divisions  of  the  coeliac  axis,  reach  the  stomach 
between  the  folds  of  the  peritoneum,  and  form,  by  anastomosing  together,  two 
principal   arterial   arches,  which  are  placed  along   its   two   ciu-vatures.    .After 
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ramifying  between  tlie  several  coats  and  supplying  them  with  blood  (especially 
giving  off  numerous  capillaries  to  the  muscular  coat)  and  after  dividing  into  very 
small  vessels  in  the  submucous  areolar  tunic,  the  ultimate  arterial  branches  (fig. 
250,  a)  enter  the  mucous  membrane,  and  ramifying  freely,  pass  to  its  surface 

between  the  tubuli ;  here  they  fonn  a  plexus  {d) 
of  fine  capillaries  upon  the  walls  of  the  tubules  ; 
and  from  this  plexus  larger  vessels  pass  into  a 
coarser  capillary  network  around  the  mouths  of 
the  glands  and  ujion  the  hexagonal  borders  of  the 
alveoli.  The  veins,  fewer  in  number  than  the 
arteries,  arise  from  the  latter  network,  and  take  an 
almost  straight  course  (<?,  c)  throug-h  the  mucous 
membrane  between  the  glands.  After  piercing 
the  muscularis  mucosfe  and  fonning  a  wide  venous 
Ijlexus  in  the  submucous  tissue,  they  return  the 
residual  blood  into  the  splenic  and  superior  mes- 
enteric veins,  and  also  directly  into  the  vena 
portse.  By  the  breaking  up  of  the  arteries  into 
capillaries  on  the  walls  of  the  glands,  these  are 
furnished  with  pure  blood  for  the  elaboration  of 
their  secretion  ;  while  it  is  the  blood  from  which 
that  secretion  has  been  di'awn  which  passes  on 
to  the  capillaries  of  the  free  surface,  and  has 
added  to  it  whatever  materials  may  be  taken 
into  the  circulation  from  the  contents  of  the 
stomach. 

The  li/mjyliatics  are  very  numerous.  As  showit 
by  Loven,*  they  arise  in  the  mucous  membrane 
(fig.  2.51)  by  a  dense  network  of  vessels,  situate 
between  and  amongst  the  gland -tubuli,  which, 
as  well  as  the  blood-vessels,  in  many  parts  they 
enclose  in  sinus-like  dilatations.  Near  the  sur- 
face of  the  membrane  they  form  loops  or  possess 
dilated  extremities  ;  in  all  cases  they  appear  to- 
be  less  superficial  than  the  blood-capillaries. 
At  the  deeper  part  of  the  mucous  membrane 
they  pass  into  a  plexus  of  fine  vessels  (V), 
immediately  underlying  the  tubular  glands  ; 
jDiercing  then  the  muscularis  mucosas  (a),  they 
fonn  a  coarser  deeply-situated  network  (f)  in  the 
submucous  coat ;  the  vessels  proceeding  from 
this  network  i^ierce  the  muscular  coats,  then  follow  the  dii-ection  of  the  blood- 
vessels beneath  the  loeritoneal  investment,  and  traverse  lymphatic  glands  found 
along  the  two  curvatures  of  the  stomach. 

The  nerves,  which  are  large,  consist  of  the  terminal  branches  of  the  two 
l^neumo-gastric  nerves,  belonging  to  the  cerebro-sijinal  system,  and  of  offsets  from 
the  sympathetic  system,  derived  from  the  solar  plexus.  The  left  pneumo-gastric 
nerve  descends  on  the  front,  and  the  right  upon  the  back  of  the  stomach. 
Numerous  small  ganglia  have  been  found  by  Remak  and  others  on  both  the 
pneumo-gastric  and  sjanpathetic  twigs.  The  nerves  form  gangliated  plexuses 
both  between  the  layers  of  the  muscular  coat  and  in  the  submucous  coat. 
Their  ultimate  ending  has  not  been  traced. 

The  pylorus. — While  there  is  no  special  apparatus  at  the  cardiac 
orifice  of  the  stomach  for  closing  the  passage  from  the  oesophagus,  the 
opening  at  the  pyloric  end,  leading  from  the  stomach  into  the 
duodenum,  is  provided  with  a  sphincter  muscle.     On  looking  into  the 


Plan     of    ELoon- 
F     Stomach     (from 


a,  small  ai-teries  passing  up 
from  submucosa  to  break  vq)  into 
the  fine  capillary  network,  d,  be- 
tween the  glands  ;  h,  coarser 
capillary  network  around  the 
mouths  of  the  glands  ;  c,  c,  veins 
passing  vertically  downwards  from 
the  superficial  network  to  join 
into  larger  trunks  ;  e,  in  the  sub- 
mucosa.  (The  arteries  in  the 
submucous  coat  do  not  anastomose 
so  freely  as  here  represented. ) 


*  Om  lymfvagarna  i  magsiickens  slemhinna.   Nord.  Med.  Arkiv,  1873. 
Watney,  in  Centr.  f.  d.  Med.  Wiss.  48,  1874. 


See  also  H 


THE   SMALL  INTESTIXE. 


357 


pyloric  end  of  the  stomach,  the  mucous  membrane  is  seen  projecting  in 
the  form  of  a  circular  fold,  called  the  pi/Iorus,  leaving  a  correspondingly 
narrow  opening  (fig.  266,  2^)'  Within  this  fold  are  circular  muscular 
fibres,  belonging  to  the 
general  system  of  circular 
fibres  of  the  alimentary 
canal,  which  are  here  col- 
lected in  the  form  of  a 
strong  band,  whilst  the  lon- 
gitudinal muscular  fibres 
and  the  peritoneal  coat  pass 
over  the  pyloric  fold  to  the 
duodenum,  and  do  not  enter 
into  its  formation  (fig.  253). 
Externally  the  pylorus  may 
be  easily  felt,  like  a  thick- 
ened ring,  at  the  right  end- 
of  the  stomach,  where  also 
a  slight  external  constriction 
is  visible.  Internally  its 
opening  is  usually  circular 
and  less  than  half  an  inch 
across,  so  that  it  is  the 
narrowest  part  of  the  whole 
alimentary  canal. 

Occasionally  the  orifice  is 
oval,  and  it  is  often  placed  a 
little  to  one  side.  Sometimes 
the  cixcular  rim  is  imperfect, 
and  there  are  found  instead 
two  crescentic  folds,  placed  one 

above  and  the  other  below  the  passage  (Huschke)  ;  and,  lastly,  there  is  occasion 
ally  but  one  such  crescentic  fold. 


Fig.   251. — Lymphatics   op    the  HarsiAJsr  Gastric 
Mucous  Meiibraxe,  Injected  (from  Loven). 
The  tubides  are  only  faintly  indicated  ;  a,  muscu- 

laris  mucosffi  ;  b,  plexus  of  fine  vessels  at  base  of 

glands ;  c,  plexus  of  larger,  valved  IjTnphatics  iu 

submucosa. 


THE    SMALL    INTESTIISTE. 

The  smaU  intestine  (fig.  252,  d,  j,  i)  commences  at  the  pylorus, 
and  after  many  convolutions  terminates  in  the  large  intestine.  It 
measures  on  an  average  about  twenty  feet  in  length  in  the  adult, 
and  gradually  becomes  slightly  narrower  from  its  upper  to  its  lower 
end.  Its  convolutions  occupy  the  middle  and  lower  part  of  the 
abdomen,  and  are  surrounded  by  the  large  intestine.  They  are  con- 
nected with  the  back  of  the  abdominal  cavity,  and  are  held  ni  their 
position  by  a  fold  of  the  peritoneum,  named  the  mesentery,  and  by 
numerous  blood-vessels  and  nerves. 

The  small  intestine  is  arbitrarily  divided  into  three  portions,  which 
have  received  different  names  ;  the  first  ten  or  twelve  inches  _  im- 
mediately succeeding  to  the  stomach,  and  comprehending  the  widest 
and  most  fixed  part  of  the  tube,  being  called  the  duodenum,  the  upper 
two-fifths  of  the  remainder  being  named  the  jejunum,  and  the  lower 
three-fifths  the  Hewn.  There  are  no  distinct  lines  of  demarcation 
between  these  three  parts,  but  there  are  certain  peculiarities  of  connec- 
tion and  certain  diiferences  of  internal  structure  to  be   observed  in 
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comparing  the  upper   and  lower  ends  of  the  entire  tnl^e,  which  will 
be  pointed  out  after  it  has  been  described  as  a  whole. 
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The  small  intestine,  like  the 
stomach,  is  composed  of  four 
coats,  viz.,  the  serous  or  peri- 
toneal, muscular,  areolar,  and 
mucous. 

The  external  or  serous  coat 
almost  entirely  surrounds  the  in- 
testinal tube  in  the  whole  extent 
of  the  jejunum  and  ileum,  leav- 
ing only  a  narrow  interval  be- 
hind, where  it  passes  off  and  be- 
comes continuous  with  the  two 
layers  of  the  mesentery.  The 
line  at  which  this  takes  place  is' 
named  the  attached  or  mesenteric 
border  of  the  intestine.  The 
duodenum,  however,  is  but 
partially  covered  by  the  peri- 
toneum. 

The  iniisciilar  coat  consists  of 
two  layers  of  fibres  ;  an  outer 
longitudinal,  and  an  inner  or 
circular  set.  The  longitudinal 
fibres  constitute  an  entire  but 
comparatively  thin  layer,  and  are 
most  obvious  along  the  free  bor- 
der of  the  intestine.  The  cir- 
cular layer  is  thicker  and  more 
distinct  and  its  fibres  are  placed 
more  closely  together,  clefts  how- 
ever being  left  here  and  there 
between  the  bundles. 

The  muscular  tunic  becomes 
gradually  thinner  ton'ards  the 
lower  part  of  the  small  intestine. 
It  is  pale  in  colour,  and  is  com- 
posed of  plain  muscular  tissue,  the  cells  of  which  are  of  considerable 
length.  The  progressive  contraction  of  these  fibres,  commencing  in 
any  part  of  the  intestine,  and  advancing  in  a  downward  direction, 
produces  the  peculiar  vermicnlar  or  jjeristaltic  movement  by  which 
the  contents  are  forced  onwards  through  the  canal.  In  this  move- 
ment the  circular  fibres  are  mainly  concerned  ;  but  the  longitudinal 
fibres  also  aid  in  it  ;  and  those  found  along  the  free  border  of  the 
intestine  may  have  the  effect  of  straightening  or  unfolding,  as  it  were, 
its  successive  convolutions. 

^  The  areolar  or  submucous  coat  of  the  small  intestine  is  a  tolerably 
distinct  and  whitish  layer,  of  a  loose  texture,  which  is  connected  more 
firmly  with  the  mucous  than  with  the  muscular  coat,  between  which  two 


Fig.      252. DiAGKAM      OF     THE      AbDOMINAL 

PART  OF  THE  ALIMENTARY  CaNAL  (Brillton). 

c,  the  cardiac,  and  p,  the  pyloric  end  of 
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it  is  placed.  By  turning  a  portion  of  tlie  intestine  inside  out,  and  then 
blowing  forcibly  into  the  cavity,  the  areolar  tunic  may  be  inflated,  the 
air  being   driven  into   its   areolar  tissue  through  the  part  at  which 


Fig.  253. — Diagrammatic  View  in  Perspective 
OF  A  Portion  of  the  Coats  of  the  Stomach 
AND  Duodenum,  including  the  Pylorus 
(Allen  Thomson). 

g,  inner  surface  of  the  gastric  mucous  mem- 
brane ;  '/,  section  of  the  mucous  membrane  with 
the  pyloric  gastric  glands  ;  v,  the  villous  surface 
of  the  raucous  membrane  of  the  duodenum  ;  i, 
section  of  the  same  with  the  intestinal  glands  or 
crypts  of  Lieberkiihn  ;  pp,  the  ridge  of  the 
pyloric  ring,  with  a  section  of  its  component 
parts  ;  mi,  deep  or  circular  layer  of  muscular 
fibres  :  these  are  seen  in  the  section  to  form 
the  pyloric  sphincter ;  me,  external  or  longi- 
tudinal layer  of  muscular  fibres  ;  s,  the  serous 
covering. 


Fig.  253. 


the  peritoneal  investment  is  wanting.  It  supports  the  mucous  mem- 
brane, and  forms  a  layer  of  loose  substance  in  which  the  vessels  divide 
and  subdivide  into  smaller  branches,  preparatory  to  entering  that  mem- 
brane.    It  consists  of  areolar  tissue,  mixed  with  fine  elastic  fibres. 

The  internal  coat  or  imicous  membrane,  is  characterised  by  present- 
ing all  over  its  inner  surface  a  finely  flocculent  or  shaggy  appearance, 
like  the  pile  upon  velvet,  owing  to  its  being  thickly  covered  with 
minute  processes,  named  villi;  hence  it  is  also  named  the  villous  coat. 
It  is  one  of  the  most  vascular  membranes  in  the  whole  body,  and  is 
naturally  of  a  reddish  colour  in  the  upper  part  of  the  small  intestinOy 
but  becomes  paler,  and  at  the  same  time  thinner,  towards  the  lower  end. 
It  is  covered  like  that  of  the  stomach  with  a  columnar  epithelium 
throughout  its  whole  extent,  and  next  to  the  submucous  coat  is  bounded 
by  a  layer  of  plain  muscular 

tissue    {miiscularis    mucosce)  ;  Fig-  254. 

between  this  and  the  epithe- 
lium the  substance  of  the  mem- 
brane, apart  from  the  tubular 
glands  which  will  be  afterwards 
described,  consists  mainly  of 
retiform  tissue  which  supports 
the  blood-vessels  and  lacteals, 
and  encloses  in  its  meshes 
numerous  lymph-corpuscles. 

The  folds  and  wrinkles  found 
upon  the  inner  surface  of  the 
oesophagus  and  stomach  may 
be  completely  obliterated  by 
full  distension  of  those  parts  of  the  alimentary  canal. '  In  the  lining 
membrane  of  the  small  intestine,  however,  there  exist  besides  such 
effaceable  folds,  other  permanent  ones,  which  cannot  be  obliterated,  even 
w'hen  the  tube  is  forcibly  distended.  These  permanent  folds  are  the 
valvulse  conniventes,  or  valves  of  Kerkring  (fig.  254).  They  are 
crescentic  projections  of  the  mucous  membrane,  placed  transversely  to 
the  course  of  the  bowel  each  of  them  reaching  about  one-half  or  two- 


Fig.  254. — Portion  op  Small  Intestine  laid 
OPEN  to  show?  the  Valvul^  Conniventes 
(Brinton). 
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thirds  of  the  distance  round  the  interior  of  the  tube,  and  tliey  follow 
closely  one  upon  another  along  the  intestine.  The  largest  are  about  2h 
inches  long  and  ^  of  an  inch  wide  at  the  middle  or  broadest  part.  Large 
and  small  ones  are  often  found  to  alternate  with  each  other.  Some  of 
them  are  bifurcated  at  one  end,  and  others  terminate  abruptly,  appearing 
as  if  suddenly  cut  off.  Each  consists  of  a  fold  of  the  mucous  membrane, 
that  is,  of  two  layers  placed  back  to  back,  united  together  by  the  sub- 
mucous areolar  tissue.  They  contain  no  part  of  the  circular  or  of  the 
longitudinal  muscular  coats.  Being  extensions  of  the  mucous  membrane, 
they  serve  to  increase  the  absorbent  surface  to  which  the  food  is  exposed, 
and  are  said  to  contribute  to  delay  its  passage  along  the  intestine. 

There  are  no  valvule  conniventes  quite  at  the  commencement  of  the 
duodenum  ;  a  short  distance  from  the  pylorus  they  begin  to  appear  ; 
Ibeyond  the  point  at  which  the  bile  and  pancreatic  juice  are  poured 
into  the  duodenum  they  are  very  lai^ge,  regularly  crescentic  in  form 
and  placed  so  near  to  each  other  that  the  intervals  between  them  are 
not  greater  than  the  breadth  of  one  of  the  valves  ;  they  continue  thus 
through  the  rest  of  the  duodenum  and  along  the  upper  hatf  of  the 
jejunum ;  below  that  point  they  begin  to  get  smaller  and  farther  apart ; 
and  finally,  towards  the  middle  of  the  ileum,  having  gradually  become 
more  and  more  irregular  and  indistinct,  sometimes  even  acquiring  a 
very  oblique  direction,  they  altogether  disappear. 
'  The  villi,  peculiar  to  the  small  intestine,  and  giving  to  its  internal 
surface  the  velvety  or  villous  appearance  already  spoken  of,  are 
small  processes  of  the  mucous  membrane,  which  are  closely  set  on 
every  part  of  the  inner  surface  of  the  small  intestine,  over  the  valvulas 
conniventes,  as  well  as  between  them.  They  are  best  displayed  by 
placing  a  piece  of  intestine,  well  cleansed  from  its  mucus,  under  water, 
and  examining  it  with  a  simple  lens. 

The  villi  are,  as  a  rule,  conical  and  flattened  in  form  (figs.  255,  257): 
some  are  more  cylindrical  (fig.  256),  sometimes  with  an  enlarged  or 
clubbed  extremity.  Occasionally  two  or  three  are  connected  together  at 
their  base. 

Their  length  varies  from  ith  to  ^rd  of  a  line,  or  even  more ;  and  the 
Ibroad  flattened  kinds  are  about  ^th  or  ^th  of  a  line  wide,  and  v^th  or 
-J^th  of  a  line  thick.  They  are  largest  and  most  numerous  in  the  duo- 
denum and  jejunum,  and  become  gradually  shorter,  smaller,  and  fewer 
in  number  in  the  ileum.  In  the  upper  part  of  the  small  intestine 
Krause  estimated  their  number  at  from  50  to  90  in  a  square  line,  and 
in  the  lower  part  at  from  40  to  70  in  the  same  space :  he  calculates  their 
total  number  to  be  at  least  four  millions. 

In  structure  a  villus  consists  of  a  prolongation  of  the  proper  mucous 
membrane,  and  is,  like  that,  covered  by  epithelium  and  encloses  a  net- 
work of  blood-vessels,  one  or  more  lacteal  vessels,  and  a  few  plain 
muscular  fibre-cells,  these  being  all  supported  and  held  together  by 
retiform  or  lymphoid  tissue,  which  at  the  surface  under  the  epithelium 
is  condensed  into  a  basement  membrane  upon  which  the  epithelial  cells 
are  set.  Nerves  have  not  yet  been  demonstrated  in  the  villi,  although 
they  are  probably  not  wanting.  Each  villus  receives,  as  a  rule,  one 
small  arterial  twig,  which  runs  up  the  centre  to  near  the  middle  of  the 
villus,  where  it  begins  to  break  up  into  a  number  of  capillaries.  These 
form  near  the  surface,  beneath  the  epithelium  and  limiting  membrane, 
a  fine  capillary  network,  from  which  the  blood  is  returned  for  the  most 
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Fig,  255.  —  Mag- 
nified View  op 
THE  Blood-ves- 
sels OP  the  In- 
testinal Villi. 

Tlie  dra'ttdng  was 
taken  from  a  pre- 
paration injected  by 
Lieberlciilin,  and 
sliows  in  each  villus 
a  small  artery  a,nd 
vein  with  the  inter- 
mediate capillary 
network. 


Fig. 


<^ 
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Fig.  256.  —  Injected  Lacteal 
Vessels  in  the  Villi  op  the 
Human  Intestine. 

A,  two  villi  in  which  the  lacteals 
are  represented  as  filled  with  white 
substance  and  the  blood-vessels 
with  dark  :  100  diameters  (Teich- 
mann).  a,  h,  the  lacteal  vessels, 
single  in  one  villus  and  double  in  the 
other  ;  c,  the  horizontal  lacteal  ves- 
sels with  which  those  of  the  villi 
communicate  ;  d,  the  blood-vessels, 
consisting  of  small  arteries  and  veins 
vnth  capillary  network  between. 

B,  injected  lacteal  (shaded  dark) 
in  a  villus,  showing  an  example 
not  very  common  of  a  looped  net- 
work a,  which  is  connected  by  a 
single  vessel  with  the  horizontal 
lacteal  vessel  b  :  the  preparation 
was  made  from  the  intestine  of 
ii  young  man  who  died  suddenly 
■while  digestion  was  going  on  :  80 
diameters  (from  W.  Krause). 

Fig.  257.  —  Vertical  Section  of 
the  Intestinal  Mucous  Mem- 
BKANE  op  the  Rabbit  (slightly 
altered  from  Frey).    i|^. 

Two  villi  are  represented,  in  one 
of  which  the  dilated  lacteal  alone  is 
shown,  in  the  other  the  blood- 
vessels and  lacteal  are  both  seen 
injected,  the  lacteal  white,  the 
blood-vessels  dark  :  the  section  is 
carried  through  the  tubular  glands 
into  the  submucous  tissue  :  a,  the 
lacteal  vessels  of  the  villi ;  a',  hori- 
zontal lacteal,  v/hich  they  join  ;  h, 
capillary  blood-vessels  in  one  of  the 
villi  ;  c,  small  artery  ;  d,  vein  ; 
e,  the  epithelium  covering  the 
villi  ;  fi,  tubular  glands  or  crypts  of 
Lieberkiilin,  some  divided  in  the 
middle,  others  cut  irregularly  ;  i, 
the  submucous  layer. 

A,  cross  section  of  three  tubular 
glands  more  highly  magnified. 


Ficr.  256. 


Fig.  257. 
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part  by  a  single  vein,  which  in  man  commences  near  the  tip  of  the 
villus,  and  passes  through  the  mucous  membrane  into  the  submucosa 
without  receiving  lateral  twigs.* 

The  lacteal  lies  in  the  centre  of  the  villus  (figs.  256,  257),  and  is  in 
the  smaller  villi  usually  a  single  vessel,  with  a  closed  and  somewhat 
expanded  extremity,  and  of  considerably  larger  diameter  than  the 
capillaries  of  the  blood-vessels  around.  According  to  the  observations 
of  Teichmann,  there  are  never  more  than  two  intercommunicating 
lacteals  in  a  single  villus  in  the  human  subject ;  but  both  he  and  Frey 
found  a  copious  network  in  the  villi  of  the  sheep.  Like  the  lymphatics 
elsewhere,  the  lacteals  in  the  villi  are  bounded  by  a  delicate  layer  of 
flattened  epithelioid  cells.  These  are  connected  with  the  branched  cells 
of  the  retiform  tissue,  and  these  again  with  the  flattened  cells  which 
form  the  basement  membrane  ;  from  the  latter,  prolongations  extend 
between  the  epithelium  cells  towards  the  surface. 

Fig.  258. 


Fig.  253. — Epitheliuh  of  the  INTESTI^fAL  Villus  of  a  Eabbit  (from  Kolliker). 

A,  ^-^"  ;  B,  ^;'-^ 

A,  series  of  the  columnar  epithelial  cells  separated  from  a  villus  ;  a  cnticular  mem- 
brane or  border  is  seen  passing  over  the  free  ends  of  the  cells. 

B,  some  of  the  same  cells  showing  the  striation  of  the  border. 

The  columnar  epithelium  cells  (fig.  258),  which  cover  not  only  the 
villi  but  also  the  rest  of  the  surface  of  the  intestine,  and  extend  into  the 
tubular  glands  (fig.  259)  are  granular  in  appearance ;  each  with  a  clear 
oval  nucleus  and  a  tapering  extremity  next  the  basement  membrane. 
At  the  free  or  superficial  end  they  present  a  distinct  layer  of  highly 
refracting  substance  with  vertical  strias  running  through  it.  This  layer 
was  first  recognised  by  Kolliker  and  by  Funke,  who  both  considered 
the  strise  to  represent  minute  perforating  canals  ;  while  Brettauer  and 
Steinach,  and  likewise  Henle,  maintained  them  to  be  solid  rods.  The 
cells  for  the  most  part  contain  mucus,  which  swells  up  on  the  addition 
of  water,  transforming  them  into  goblet-cells  (see  p.  211). 

There  has  been  considerable  question  as  to  the  manner  in  which  fatty 
matters,  which  are  of  course  indiffusible  through  the  moist  animal 
membranes,  find  their  way  from  the  interior  of  the  gut  into  the  com- 
mencement of  the  lacteals.  It  was  formerly  believed  that  the  minute 
fatty  globules  were  conveyed  into  the  interior  of  the  villus  by  the 
medium  of  the  columnar  epithelium  cells  of  the  surface,  and  in  accord- 
ance with  this  both  Kolliker  and  Bonders  have  described  minute  par- 
ticles of  oil  as  passing  through  the  striated  base  of  the  cells.  More- 
over, during  digestion,  the  epithelial  cells  become  turbid  with 
minute  oil-droplets  in  their  interior  ;  and  at  a  subsequent  stage  the 
tissue  of  the  villus  generally  appears  pervaded  wiih  similar  fatty  par- 

*  The  general  arrangement  of  the  vascular  supply  of  the  villi  varies  considerably  in 
different  animals. 
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tides,  and  the  central  lacteal  becomes  filled  with  them.  According  to 
our  own  observations,  the  amoeboid  lymph- corpuscles  contained  in  the 
meshes  of  the  retiform  tissue,  and  which  also  extend  amongst  the 
columnar  epithelium  cells  of  the  surface,  become  filled  with  fat  globules 
during  digestion  :  and  we  think  it  probable  that  these  cells  may  serve 
as  carriers  of  fatty  matters  into  the  lacteal,  just  as  the  white  blood- 
corpuscles  are  known  to  convey  minute  solid  particles  out  of  the  blood 
vessels  and  into  the  lymphatics.  Other  authorities  are  of  opinion  that 
the  fat  is  conveyed  into  the  lacteal  through  the  branched  cells  of  the 
retiform  tissue. 

"With  reference  to  the  j^resence  of  fat  in  the  epithelium-cells  of  the  intestine, 
it  must  be  borne  in  mind  that,  as  pointed  out  by  Vii-chow,  the  columnar  epithe- 
lixim  of  other  parts,  the  bile-ducts  and  gall-bladder,  for  example,  also  becomes 
filled  "with  fatty  particles  during  digestion  (although  at  a  somevrhat  later  stage) ; 
and  in  these  cases  the  fat  cannot  have  entered  the  cells  by  a  process  of  dii'ect 
absorption,  but  must  have  been  elaborated  and  deposited  T;\'ithin  the  cells  them- 
selves, ijrobably  serving  for  their  nutrition. 

The  muscular  tissue  within  the  villus  was  discovered  by  Briicke :  it 
consists  of  a  thin  stratum  of  plain  fibre-cells  disposed  longitudinally 
around  the  lacteal ;  on  being  stimulated  in  animals,  they  produce  an 
obvious  retraction  of  the  villus. 

This  muscular  tissue  is  a  prolongation  fi'om  the  muscularis  mucosse  :  the  fibre- 
cells  at  the  sides  and  tovrards  the  end  of  the  villus  pass  from  the  lacteal  to  be 
attached  to  the  basement  membrane  ;  usually  their  attachment  to  this  is  forked, 
a  connective  tissue  corpuscle  filling  up  the  inten^al  (Watney).* 

Two  kinds  of  small  secreting  glands  open  on  the  inner  surface  of  the 
intestine,  viz.,  the  crypts  of  Lieberkiihn,  and  Brunner's  glands,  the 
last  beiug  peculiar  to  the  duodenum.  In  addition  to  these,  numerous 
lymphoid  nodules  are  found,  which  are  either  scattered  and  isolated 
(solitary  glands)  or  collected  into  patches  (Beyer's  glands). 

The  crypts  of  Iiieberkuhn,  the  smallest  but  most  numerous  of  these 
glandular  structures,  are  found  in  every  part  of  the  small  intestine, 
opening  between  the  villi  (fig.  257,  g).  They  consist  of  minute  tubes, 
closed  at  their  attached  extremity,  and  placed  more  or  less  perpendi- 
cularly to  the  surface,  upon  which  they  open.  They  appear  to  be 
analogous  to  the  tubuli  of  the  stomach,  but  are  not  so  thickly  set,  and 
are  hardly  ever  divided.  Similar  tubules  also  occur  throughout  the 
whole  mucous  membrane  of  the  large  intestine.  The  crypts  of  Lieber- 
kiihn vary  in  length  from  the  g^gth  to  the  yV^h  of  a  line,  and  their 
diameter  is  about  -gVth  of  a  line.  The  walls  of  the  tubes  are  thin, 
formed  of  the  basement  membrane,  lined  with  a  columnar  epithelium 
(fig.  259),  which,  as  elsewhere,  possesses  the  thickened  border. 

Brunner's  glands  are  small  rounded  compound  glands,  first  pointed 
out  by  Brunner,  which  exist  in  the  duodenum,  where  they  are  most 
numerous  at  the  upper  end,  in  general  occupying  thickly  a  space  ex- 
tending a  little  way  from  the  pylorus.  A  few  of  them  are  said  also  to 
be  found  quite  at  the  commencement  of  the  jejunum.  They  are  im- 
bedded in  the  submucous  coat,  and  may  be  exposed  by  dissecting  off  the 
muscular  coat  from  the  outside  of  the  intestine.  In  structure  they 
resemble  the  small  glands  which  are  found  in  various  parts  of  the 
lining  membrane  of  the   mouth    and  elsewhere,  each  consisting  of  a 

*  Proceedings  of  the  Royal  Society,  No.  152,  1874,  and  Centralblatt,  f.  d.  med.  Wiss. 
48,  1874,  where  also  wiU  be  found  other  facts  having  reference  to  the  structure  of  tbe 
villi  and  the  absorption  of  fat. 
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number  of  saccules  or  alveoli,  situate  at  the  terminal  ramifications  of 
the  duct,  which  latter  penetrates  the  muscularis  mucosa?,  and  opens 

upon  the  in- 
F'g.  259.  ner  surface  of 

b  ..^.^^s^-..  tlie  intestine. 

They  present 
transitions 
between  com- 
pound race- 
mose and 
compound 
tubular 
glands.* 

The  soli- 
tary glands 
(glandulge 
solitarise)  are 
soft,  white, 
rounded,  and 
slightly  pro- 
minent bo- 
dies about  the 
size  of  a 
millet-seed, 
which  are 
found  scat- 
tered over  the 
mucous  mem- 
brane in 
every  part  of 
the  small  in- 
testine (fig. 
260).  They 
are  found  as 
well  at  the 
mesenteric  as 
at     the     free 

border,  botli  between    and  upon   the  valvute    conniventes,  and  are 
rather  more  numerous  in  the  lower  portion  of  the  bowel.   These  so-called 


Fig.    25y. 


Ckypt  of  Lieberkuhn  froji  the  Rab- 

HlGHLr     MAGNIFIED 


-Deep  pakt  of 
bit's  Intesiike,  seen  in  Vertical  Section, 
(Verson). 

a,  columnar  epithelium  ;  d,  Ij'mphoid  tissue  of  the  mucous  membrane 
seen  to  be  connected  with  the  basement  membrane,  and  to  extend 
between  the  epithelium  cells.     T,  areolar  tissue  ;  h,  lumen  of  gland. 


Fig,  260. 
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Fig.  260.— Solitary  Gland  of  the  Shall  Intestine   (from 
Bcehm).      10  Diaheters. 

The  lighter  part  of  the  figure  represents  the  elevation  pro- 
duced by  the  gland  ;  on  this  a  few  villi  are  seen,  and  on  the 
surrounding  surface  '  of  the  mucous  membrane  numerous  villi 
and  crjTpts  of  Lieberkiihn. 


:y\ 


'''"'O*'""*^'^'^^  glands  are  in  structure  similar  to  the  lymphoid 
'■^''^  ('f^dy\\^>>i      follicles  of  various  parts  ah-eady  described,  con- 

'- '      sisting  of  more  or  less  insulated  clumps  of  dense 

retiform  tissue,  tlie  meshes  of  which  are  closely  packed  with  lymioh- 
corpuscles  and  pervaded  by  fine  capillaries.  They  are  here  and  there 
united  at  the  sides  with  the  surrounding  lymphoid  tissue,  but  are  at 

*  Schvvalbe,  Archiv.  f.  mikr.  Anat.  viii.  1872. 
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most  points  distinctly  marked  off  from  it,  partly  owing  to  the  fact  that 
their  supporting  retiform  tissue  'becomes  closer  and  finer,  partly  owing 
to  their  being  closely  surrounded  by  a  rich  plexus  of  lymphatic  vessels  ; 
or  they  may  even  ha^"-,  as  it  were,  into  a  lymph  (or  lacteal)  sinus,  which 
entirely  surrounds  the  follicle,  except  above.  The  epithelium  over 
the  follicles  often  shows  a  large  number  of  lymph  corpuscles  between 
the  epithelial  cells.  Tlie  main  part  of  the  follicle  is  situated  m  the 
submucous  tissue  ;  but  it  extends  upwards,  piercing  the  muscularis 
mucosa,  into  the  mucous  membrane,  causing  a  slight  bulging  of  this 
towards  the  interior  of  the  gut  (as  in  fig.  264,  dd).  The  prominent 
part  of  the  follicle  has  villi  upon  it,  and,  placed  around  very  irregu- 
larly, are  seen  the  mouths  of  the  crypts 
of  Lieberkiihn  (fig.  260). 

The  agniinated  glands  or  glands  of 
Peyer  (who  described  them  in  1677;, 
are  groups  or  patches  of  lymphoid  follicles. 
The  groups  have  an  oblong  figure  (fig.  261), 
and  vary  fi-om  half  an  inch  to  two  or  even 
four  inches  in  length,  being  about  half  an 
inch,  or  rather  more,  in  width  :  they  are 
placed  lengthways  in  the  intestine  at  that 
part  of  the  tube  most  distant  from  the 
mesentery  ;  and  hence,  to  obtain  the 
best  view  of  them,  the  bowel  should  be 
opened  by  an  incision  along  its  attached 
border. 

The  lymphoid  nodules  (fig.  264)  which 
by  their  aggregation  make  up  a  Peyer's 
patch  are  in  almost  all  respects  similar  to 
the  solitary  glands  above  described.  As 
a  rule,  however,  their  surface  is  free  from 
villi,  and  the  crypts  of  Lieberkiihn  are  col- 
lected in  circles  around  the  follicles  (fig. 
262).  In  the  situation  of  Peyer's  patches, 
the  mucous  and  submucous  coats  of  the 
intestine  adhere  more  closely  together 
than  elsewhere,  so  that  it  is  there  im- 
impossible  to  inflate  the  areolar  coat. 
Fine  blood-vessels  are  distributed  abundantly  on  the  exterior  of  the 
follicles,  and  give  off  still  finer  capillary  branches,  which,  supported  by 


Fig.  261. — A  Small  Paivii  op 
Peyer's  Glands  feom  theIleum. 
Slightly  Magnified  (Boehm.) 


Fig.  262. — Enlarged  View  of  a  part  of  a 
Patch  of  Peyer's  Glands,  showing  four 
Follicles.    Magnified  about  10  Diameters. 

The  figure  shows  the  surface  of  the  intestinal 
mucous  membrane  over  part  of  a  patch,  occupied 
by  villi,  between  which  are  the  orifices  of  the 
crypts  of  Lieberkiihn  ;  except  over  the  four  folli- 
cles, where  there  are  no  villi.  The  crypts  of 
Lieberkiihn  are  arranged  chiefly  in  circles  round 
the  nodules. 


Fig.  262. 


the  retiform  tissue,  are  disposed  principally  in  lines  converging  to  the 
centre  (fig.  263). 
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Fig.  263. — Portion  of  an  Injected  Peter's  Patch  (from  Kolliker).     Magnified. 
The  drawing  -\vas  taken  from  a  preparation  made  by  Frey  ;     it  represents  the  fine 
capillary  network  spreading  from    the    surrounding  blood-vessels   into  the  interior  of 
three  lymphoid  nodules,  from  the  intestine  of  the  rabbit. 

Fig'.  264. 


Fig,  26i.- — Vertical  Section  of  a  portic>  (.f   v  r\.TCH  1 1   Fi   t"    s  G^^i^Ds,  with 

THE  Lacteal  Vessels  injected  (after  Frey).  32  Diameters. 
The  specimen  is  from  the  lower  part  of  the  ileum  :  a,  villi,  with  their  lacteals  left 
white  ;  h,  some  of  the  tubular  glands  ;  c,  the  muscular  layer  of  the  mucous  membrane  ; 
d,  the  cupola  or  projecting  part  of  Peyer's  follicles  ;  e,  their  central  part  ;  /,  the  reticu- 
lated lacteal  vessels  occupying  the  lymphoid  tissue  between  the  follicles,  joined  above  by 
the  lacteals  from  the  villi  and  mucous  surface,  and  passing  below  into  g,  the  reticulated 
lacteals  under  the  follicles,  which  again  pass  into  g',  the  larger  lacteals  of  the  submu- 
cous layer,  i. 
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The  lacteal  plexuses,  which  are  abundant  in  the  whole  extent  of  the 
intestine,  are  especially  rich  where  they  surround  the  follicles  of  Peyer's 
glands  (fig.  264),  often  forming  sinuses  as  in  the  case  of  the  solitary 
follicles  above  described. 

In  all,  from  twenty  to  thirty  of  these  oblong  patches  may  in  general 
be  found ;  but  in  young  persons  dying  in  health,  as  many  as  forty-five 
have  been  observed.  They  are  larger  and  placed  at  shorter  distances 
from  each  other,  in  the  lower  part  of  the  ileum  ;  but  in  the  upper  portion 
of  that  intestine  and  in  the  lower  end  of  the  jejunum,  the  patches  occur 
less  and  less  frequently,  become  smaller,  and  are  of  a  nearly  circular 
form ;  they  may,  however,  be  discovered  occasionally  in  the  lower  por- 
tion of  the  duodenum. 

Still  smaller  irregularly  shaped  clusters  of  these  follicles  are  some- 
times found  scattered  throughout  the  intestine. 

It  was  formerly  presumed  without  question  that  Peyer"s  and  the  other  closed 
follicles  in  the  alimentary  tract  constituted  a  peculiar  capsular  form  of  secreting 
glands  ;  but  there  is  now  no  doubt  that  they  are  more  immediately  connected 
\nth  the  Ipnphatic  system,  and  their  similarity  on  a  small  scale  to  the  structui'e 
of  the  lymphatic  glands  is  immistakeable.  It  is  found  that  the  glands  of  Peyer 
are  best  marked  in  the  young  subject.  After  middle  life  they  become  less  obvious, 
and  are  said  to  disappear  completely  m  advanced  age. 

Vessels  and  Nerves. — The  branches  of  the  mesenteric  arter3\  having  reached 
the  attached  border  of  the  intestine,  pass  round  its  sides,  dividing  into  numerous 
ramifications  and  frequentty  anastomosing  at  its  free  border.  Most  of  the  larger 
branches  run  immediately  beneath  the  serous  coat  ;  they  then  jjierce  the  mus- 
cular coat,  supplying  it  with  vessels  as  they  pass,  and  ramify  in  the  submucous 
areolar  layer,  so  as  to  form  a  close  network,  from  which  still  smaller  vessels  pass 
on  into  the  mucous  coat,  and  terminate  in  the  capillary  network  of  the  folds, 
villi,  and  glands  of  that  membrane.  The  fine  capillaries  of  the  muscular 
coat  are  an-anged  in  two  layers  of  oblong  meshes,  which  correspond  m  dii'ection 
with  the  longitudinal  and  cu-cular  muscular  fibres.  The  veins  accompany  the 
arteries. 

The  hpmyhat'ics  of  the  intestine  (lacteals)  may  be  conveniently  distinguished  as 
those  of  the  mucous  membrane,  and  those  of  the  muscular  coat.  Those  of  the 
mucous  membrane  form  a  copious  plexus  (fig.  264)  which  receives  the  central 
vessels  of  the  villi  and  pervades  both  the  mucous  and  submucous  layers — in  the 
latter  being  of  considerable  size,  and  forming,  as  before  mentioned,  a  close  plexus 
or  a  sinus  around  the  base  of  each  lymphoid  follicle  ;  but  there  is  not,  in 
the  human  subject  at  least,  the  same  distinct  division  into  two  strata  which  has 
been  foimd  in  the  stomach  (Teichmann).  From  the  submucous  plexus  larger 
vessels  jDroceed  and  pierce  the  muscular  coat  to  open  into  the  lymphatics  which 
lie  mider  the  peritoneal  coat,  and  which  are  especially  developed  along  a  narrow 
strip  at  the  attachment  of  the  mesentery.  With  regard  to  the  Ijnnphatics  of  the 
muscular  coat,  the  main  plexus  is  situated  between  the  circular  and  longitudinal 
layers  of  fibres  ;  and  there  are  likewise  close  plpxuses  threading  the  whole 
thickness  of  the  muscular  wall.  These  muscular  lymphatics  are  in  complete 
continuity  with  those  of  the  nrucous  membrane,  and  pass  into  larger  vessels  at 
the  mesenteric  border,  which  again  run  into  the  lacteal  vessels  of  the  mesentery. 
To  these  absorbents  of  the  muscular  coat  Auerbach  gives  the  name  of  "  inter- 
laminar  plexus."  * 

The  nerves  of  the  small  intestine  are  chiefly  derived  from  the  superior 
mesenteric  plexus.  This  plexus  is  fonned  superiorly  by  nervous  branches, 
of  which  those  m  the  middle  come  from  the  ca3liac  plexus,  and  the  lateral 
ones  proceed  directly  from  the  semilunar  ganglion,  and  it  also  receives  con- 
tributions from  the  vagus  neiwe.  The  plexus  and  plexiform  branches  into 
which  it  divides  cling  at  first  very  closely  to  the  larger  divisions  of  the 
superior    mesenteric    artery,    and,    dividing    similarly    with    the    ramifications 

*  Virchow's  Archiv,  vol.  xxxiii.  p.  340. 
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of  the  ai-teries,  the  branches  of  the  nerves,  retaining  still  a  wide  plexiform 
aiTangement,  pass  onwards  to  the  different  parts  of  the  intestine  between  the 
two  folds  of  the  mesentery,  and  finally,  separating  somewhat  from  the  blood- 
vessels, reach  the  intestine  in  very  numerons  branches  to  be  distributed  in  its 
coats.  Passing  first  between  the  longitudinal  and  cii-cul.ar  layer  of  the  muscular 
coat,  they  here  form  a  close  gangliated  plexus  throughout  the  whole  extent  of 
the  intestine  (shown  in  fig.  26.5,  A,  as  exhibited  under  a  low  power).  This,  which 
is  knoAvn  as  "  AuerlDach's  plexus,"  or  the  "  plexus  myentericus,"  and  which  is 
principally  composed  of  non-medullated  fibres,  gives  off  fine  branches  to  the  - 
muscular  substance,  these  first  forming  a  smaller  jilexus  amongst  the  muscular 
fibres.  Other  larger  branches  pass  between  the  cu-cular  bundles  of  fibres  to 
reach  the  submucous  layer,  where  they  form  a  second  richly  gangliated  x^lexus 
(Meissner's,  fig.  2Go,  B,  under  a  high  povv-er),  the  threads  of  which  are  much  finer 
than  those  of  the  intermuscular  network. 

From  Meissner's  plexus  nervous  fibres  pass  to  be  distributed  to  the  muscular 
layer  of  the  mucous  membrane,  breaking  up  into  fine  fibrils  which  take  the 
direction  of  the  fibre-cells  of  this  layer,  whilst  other  excessively  fine  fibrils  form 
a  comparatively  open  plexus  in  the  proper  tissue  of  the  mucous  coat  near  the 
basement  membrane,  and  appear  to  send  branches  towards  the  epithelium,  but 
the  further  course  of  these  has  not  been  traced. 

Fiff.  265. 


Fig.  265  (from  Kolliker) ;   A. — Nervous  Plexus  of  Aueebach,  from  the  Muscular 
Coat  of  a  Child's  Intestine.     20  Diameters. 

Three  perforated  ganglionic  masses  are  seen  united  by  several  nervous  cords. 

B. — Small  Portion  of  Meissner's  Submucous  Nervous  Plexus  from  the  Intestine 
OF  A  Child.     350  Diameters. 

Two  ganglia  are  represented,  of  -which  the  cells  are  seen  spreading  into  the  nerve-twigs 
connected  with  the  ganglia:  the  fusiform  particles  on  tbe  nerve-twigs  are  nuclei  of  connec- 
tive tissue  corpuscles. 
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EPECIAL    CHAEACTKRS     AND     CONNECTIONS    OP    THE     SEVERAL    PARTS 
OF     THE     SMALL     INTESTINE. 

Duodenum. — This  is  the  shortest  and  widest  part  of  the  small  intes- 
tine. In  length  it  measures  10  or  12  inches,  or  about  the  breadth  of 
twelve  fingers  ;  hence  its  name. 

It  varies  in  diameter  between  an  inch  and  a  half  and  two  inches. 
In  its  course  it  describes  a  single  large  curve  somewhat  resembling  a 
horseshoe,  the  convexity  of  which  is  turned  towards  the  right,  whilst 
the  concavity  embraces  the  head  of  the  pancreas. 


Fig.  266. 


Fig.   266.  —View  of   the  Duodenum  feom 
BEFOKE  (slightly  altered  from  Luschka).    { 

12,  tlie  twelfth  dorsal  vertebra  and  rib  ;  1, 
3,  4,  5,  transverse  processes  of  the  first,  third, 
fourth,  and  fifth  left  lumbar  vertebrse  ;  2, 
that  of  the  second  on  the  right  side  ;  a,  a,  the 
abdominal  aorta  above  the  cceliac  axis  and  also 
near  the  bifurcation  ;  m,  superior  mesenteric 
artery  ;  v,  v,  the  vena  cava  above  the  renal 
veins  and  near  the  bifurcation  ;  p,  placed  on 
the  first  part  of  the  duodenum,  jjoints  to  the 
pyloric  orifice  seen  from  the  side  next  the 
stomach,  of  which  a  small  part  is  left  con- 
nected with  the  intestine  ;  d,  on  the  descend- 
ing or  second  part  of  the  duodenum,  indicates 
the  termination  of  the  common  bile-duct  and 
the  pancreatic  duct  ;  cV,  the  third  or  oblique 
l^art  of  the  duodenum  ;y,  the  commencement 
of  the  jejunum. 


It  has  no  mesentery,  and  is  covered  only  partially  by  the  peritoneum. 
Its  muscular  coat  is  comparatively  thick,  and  its  mucous  membrane 
towards  the  pylorus  is  the  seat  of  the  glands  of  Brunner,  already 
described.  The  common  bile-duct  and  the  pancreatic  duct  open  into 
this  part  of  the  intestinal  canal. 

Three  portions  of  the  duodenum  are  described  by  anatomists. 

The  first,  or  superior^  portion,  between  two  and  three  inches  long, 
extends  from  the  pylorus  upwards,  backwards,  and  to  the  right,  as  far 
as  beneath  the  neck  of  the  gall-bladder,  where  it  bends  suddenly  down- 
wards. The  first  portion  of  the  duodenum  is  for  the  most  part  free, 
and  invested  by  peritoneum  like  the  stomach.  Above,  and  in  front  of 
it,  are  the  liver  and  gall-bladder,  and  it  is  commonly  found  stained  by 
the  exudation  of  bile  from  the  latter  a  few  hours  after  death.  Behind 
it  is  the  biliary  duct,  with  the  blood-vessels  passing  up  to  the  liver. 

The  second,  or  descending  portion,  commencing  at  the  bend  below  the 
neck  of  the  gall-bladder  passes  downwards  as  low  as  the  second  or  third 
lumbar  vertebra,  where  the  bowel  turns  across  to  the  left  to  form  the 
third  portion.  This  part  of  the  duodenum  is  invested  by  the  perito- 
neum on  its  anterior  surface  only, — the  posterior  surface  being  con- 
nected to  the  right  kidney  and  the  vertebral  column  by  areolar  tissue. 
In  front  is  the  transverse  colon  and  mesocolon,  the  upper  layer  of 
which  is  continuous  with  the  peritoneal  covering  of  the  duodenum.  To 
the  left  is  the  head  of  the  pancreas  (see  fig.  282),  which  adapts  itself  to 
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the  shape  of  the  intestine  on  that  side,  and,  according  to  Verson,  some 
of  the  longitudinal  mnscular  fibres  of  the  gut  are  intercalated  amongst 
the  contiguons  lobules  of  the  gland.  The  common  bile-duct  descends 
behind  the  left  border  of  this  part  of  the  duodenum,  and,  together  with 
the  pancreatic  duet,  -which  accompanies  it  for  a  short  distance,  per- 
forates the  coats  of  the  intestine  obliquely  near  the  lower  part  of  its 
left  or  concave  border.  In  the  interior  of  this  part  of  the  intestine  the 
valvulse  conniventes  appear  numerously ;  and  a  downwardly  projecting, 
papillary  eminence  of  the  mucous  membrane  is  found  immediately 
below  one  of  these,  about  four  inches  below  the  pylorus,  on  the  inner 
and  back  ]3art  of  the  intestine,  at  the  apex  of  which  is  seen  the  common 
orifice  of  the  biliary  and  pancreatic  ducts. 

The  third,  transverse  or  oblique  portion  {d'),  somewhat  the  longest 
and  narrowest,  beginning  on  the  right  of  the  third  lumbar  vertebra, 
crosses  in  front  of  the  second  obliquely  from  right  to  left.  It  makes  its 
appearance  below  the  transverse  mesocolon,  and,  continuing  to  ascend  for 
an  inch  or  more,  ends  in  the  jejunum  (J)  at  the  left  side  of  the  vertebral 
column,  immediately  behind  the  root  of  the  transverse  mesocolon,  and 
the  commencement  of  the  mesentery,  and  has  the  vena  cava  inferior  and 
the  aorta  behind  it,  while  in  front  of  it  the  superior  mesenteric  vessels  (w) 
pass  ft"om  beneath  the  pancreas  to  enter  the  mesentery. 

At  its  termination  the  duodennm  forms  an  abrui^t  angle  with  the  commence- 
ment of  the  jejunum.  Tliis  is  due  to  its  being  maintained,  at  that  point,  in 
its  position,  by  a  strong  fibrous  band  descending  from  the  left  crus  of  the  dia- 
phragm and  the  tissue  around  the  cosliac  axis.  According  to  Treitz,  muscular 
fibres  come  from  both  these  sources  to  this  part  of  the  duodenum.  In  subjects 
in  which  the  intestines  are  large  and  dilated,  the  curve  of  the  duodenum  may- 
descend  to  the  level  of  the  iliac  crest,  but,  owing  to  the  suppoi-t  given  by  the 
band  alluded  to,  its  terminal  extremity  maintains  a  uniform  position. 

Jejunum  and  Ileum. — The  jejunum,  originally  so  called  from  its 
having  been  supposed  to  be  empty  after  death,  follows  the  duodenum, 
and  includes  the  upper  two-fifths  of  the  remainder  of  the  small  intes- 
tine, while  the  succeeding  three-fifths  constitute  the  ileum,  so  named 
from  its  numerous  coils  or  convolutions.  Both  the  jejunum  and  the 
ileum  are  attached  and  supported  by  an  extensive  fold  of  peritoneum 
termed  the  mesentery.  The  mesentery  of  the  small  intestine,  although 
greatly  frilled  out  in  front  to  correspond  in  length  with  the  jejunum 
and  ileum  to  which  it  affords  support,  is  attached  posteriorly  by  a  very 
short  border  which  extends  from  the  level  of  attachment  of  the  trans- 
verse colon  immediately  to  the  left  of  the  middle  line,  directly  down  to 
the  right  iliac  fossa,  where  the  ileum  falls  into  the  ca3cum.  A.t  its 
widest  part  the  length  of  the  mesentery  is  from  four  to  six  inches 
between  its  vertebral  and  its  intestinal  border.  Between  the  two  layers 
of  peritoneum  of  which  it  consists  are  placed,  besides  some  fat,  numerous 
branches  of  the  superior  mesenteric  artery  and  vein,  together  with 
nerves,  lacteal  vessels,  and  mesenteric  glands.  The  convolutions  of  the 
jejunum  are  situated  in  part  of  the  umbilical  and  left  iliac  regions  of 
the  abdomen ;  while  the  ileum  occupies  part  of  the  umbilical  and  right 
iliac  regions,  together  with  the  hypogastric,  and  descends  into  the 
pelvis,  from  which  its  lower  end,  supported  by  the  mesentery,  which  is 
here  very  short,  ascends  obliquely  to  the  right  and  somewhat  back- 
wards, over  the  corresponding  psoas  muscle,  and  ends  in  the  right 
iliac  fossa,  by  opening  into  the  inner  side  of  the  commencement  of  the 
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large  intestine.  Tlie  character  of  the  intestine  gradually  changes  from 
its  upper  to  its  lower  end,  so  that  portions  of  the  two  intestines,  remote 
from  each  other,  present  certain  well-marked  differences  of  structure, 
which  may  be  here  enumerated.  Thus,  the  jejunum  is  wider,  and  its 
coats  are  thicker  ;  it  is  more  vascular,  and  therefore  it  has  a  deeper 
colour  ;  its  valvuliB  conniventes  are  long,  wide  and  numerous  ;  its  villi 
are  well  developed  ;  and  the  patches  of  Peyer's  glands  are  smaller,  less 
frequent,  and  sometimes  confined  to  its  lower  part.  The  ileum,  on  the 
other  hand,  is  narrower ;  its  coats  are  thinner  and  paler  ;  the  valvul^e 
conniventes  are  small,  and  gradually  disappear  towards  its  lower  end  ; 
the  villi  are  shorter  ;  and  the  groups  of  Peyer's  glands  are  larger  and 
more  numerous.  The  diameter  of  the  jejunum  is  about  one  inch  and  a 
half,  that  of  the  ileum  about  one  inch  and  a  quarter.  A  given  length 
of  the  jejunum  weighs  more  than  the  same  of  the  ileum. 

At  a  point  in  the  lower  part  of  the  ileum  it  is  not  very  luicommon  to  find  a 
pouch  or  diverticulum  given  off  fi'om  the  main  tube.  The  origin  of  these 
diverticula  is  explained  by  reference  to  the  history  of  development,  from  which 
it  appears  that  they  arise  from  a  portion  of  the  ductus  vitello-intestinalis,  or 
tube  uniting  the  intestme  with  the  umbilical  vesicle,  remaining-  pervious.  They 
are  not  to  be  confounded  with  hernial  protrusions  of  the  mucous  membrane, 
which  may  occur  at  any  point. 

THE     LARaE    IISTTESTIH-E. 

The  large  intestine  extends  from  the  termination  of  the  ileum  to  the 
anus.  It  is  divided  into  the  cfecum  (including  the  vermiform  appendix), 
the  colon  and  the  rectum  ;  and  the  colon  is  again  subdivided,  according 
to  its  direction,  into  four  parts,  called  the  ascending,  transverse,  and 
descending  colon,  and  the  sigmoid  flexure. 

The  length  of  the  large  intestine  is  usually  about  five  or  six  feet  ; 
being  about  one-fifth  of  the  whole  length  of  the  intestinal  canal.  Its 
diameter,  which  greatly  exceeds  that  of  the  small  intestine,  varies  at 
different  points  from  two  inches  and  a  half  to  about  one  inch  and  a 
half.  It  diminishes  gradually  from  its  commencement  at  the  csecum  to 
its  termination  at  the  anus  ;  excepting  that  there  is  a  well-marked 
dilatation  of  the  rectum  just  above  its  lower  end. 

In  outward  form,  the  greater  part  of  the  large  intestine  differs 
remarkably  from  the  small  intestine ;  for,  instead  of  constituting  an 
even  cylindrical  tube,  its  surface  is  thrown  into  numerous  sacculi, 
marked  off  from  each  other  by  intervening  constrictions,  and  arranged 
in  three  longitudinal  rows,  separated  by  three  strong  flat  bands  of 
longitudinal  muscular  fibres.  This  sacculated  structure  is  not  found  in 
the  rectum. 

STRUCTURE  OP  THE  LARGE  INTESTINE. 

The  large  intestine  has  four  coats,  like  those  of  the  stomach  and 
small  intestine,  namely,  the  serous,  muscular,  areolar  or  submucous,  and 
mucous. 

The  serous  coat  is  quite  similar  to  that  of  the  small  intestine,  except 
that,  along  the  colon  and  upper  part  of  the  rectum,  it  is  developed  into 
numerous  little  projections,  which  enclose  a  certain  amount  of  fat,  and 
are  termed  appendices  epiplokm. 

The  muscular  coat,  like  that  of  the  other  parts  of  the  intestinal 
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canal,  consists  of  external  longitudinal  and  internal  circular  fibres.  The 
longituclinal  fibres,  although  found  in  a  certain  amount  all  round  the 
intestine,  are,  in  the  cfficum  and  colon,  principally  collected  into  three 
remarkable  flat  longitudinal  bands  (fig.  267,  /  m  ;  fig.  270).  These 
bands,  sometimes  called  the  ligaments  of  the  colon,  are  about  half  an 
inch  wide,  and  half  a  line  thick ;  they  commence  upon  the  extremity  of 
the  caecum,  at  the  attachment  of  the  vermiform  appendix,  and  may 
be  traced  along  the  whole  length  of  the  colon  as  far  as  the  commence- 
ment of  the  rectum,  where  they  spread  out,  so  as  to  surround  that  part  of 


Fig.  267. 


Fig.  267. — Outline  Sketch  op  a  Sec- 
tion OP  THE  Ascending  Colon  (Allen 
Thomson).      | 

s,  the  serous  or  peritoneal  covering  ; 
s',  s',  reflection  of  this  at  the  attached 
border  forming  a  short  wide  mesentery, 
between  the  folds  of  which  the  blood- 
Yessels  are  seen  passing  to  the  colon  ;  a, 
one  of  the  appendices  epiploicse  hanging 
from  the  inner  border  ;  I  m,  indicates  at- 
the  free  border  one  of  the  three  bands 
formed  by  the  thickening  of  the  longi- 
tudinal muscular  coat ;  the  dotted  line 
continued  from  the  margins  of  these 
bands  represents  the  remainder  of  the 
longitudinal  muscular  coat,  and  the  thick 
line  within  it,  marked  c  m,  represents 
the  circular  muscular  layer  ;  m,  the  mu- 
cous membrane  at  the  flattened  part  ; 
r,  the  crescentic  bands  or  indentations' 
which  divide  the  sacculi. 

the  intestinal  tube  with  a  uniform 
layer  of  longitudinal  muscular 
fibres.  One  of  these  bands,  named 
the  jjosterior,  is  placed  along  the 
attached  border  of  the  intestine ;  another  runs  along  its  anterior  border, 
and,  in  the  transverse  colon,  corresponds  with  the  attachment  of  the 
great  omentum ;  whilst  the  third  band  {lateral)  is  found  on  the  inner 
border  of  the  ascending  and  descending  colon,  and  on  the  under  border 
of  the  transverse  colon.  It  is  along  the  course  of  this  third  band  that 
the  appendices  epiploicse  are  most  of  them  attached  (fig.  267,  a).  Mea- 
sured from  end  to  end,  these  three  bands  are  shorter  than  the  inter- 
vening parts  of  the  tube  ;  and  the  latter  are  thus  thrown  into  the 
sacculi  already  mentioned  :  accordingly,  when  the  bands  are  removed 
by  dissection,  the  sacculi  are  entirely  effaced,  and  the  colon,  elongating-: 
considerably,  assumes  the  cylindrical  form.  The  transverse  constric- 
tions seen  on  the  exterior  of  the  intestine,  between  the  sacculi,  appear 
on  the  inside  as  sharp  ridges  separating  the  cells,  and  are  composed  of 
all  the  coats.  In  the  vermiform  appendix  the  longitudinal  muscular 
fibres  form  a  uniform  layer. 

The  circular  muscular  fibres  form  only  a  thin  layer  over  the  general 
surface  of  the  c^cum  and  colon,  but  are  accumulated  in  larger  numbers 
between  the  sacculi.  In  the  rectum,  especially  towards  its  lower  part, 
the  circular  fibres  form  a  very  thick  and  powerful  muscular  layer. 

The  sxibniticous  or  areolar  coat  resembles  in  all  respects  that  of 
the  small  intestine. 
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The  mucous  membrane  differs  fi'om  that  of  the  small  intestine  in 
being  quite  smooth  and  destitute  of  villi.     Viewed  with  a  lens,  its 


Fiir.  268. 


Pig.  268. — Diagrammatic  View  (Magnified)  of  a  Small  Portion  op  the  Mucous 
Membrane  of  the  Colon  (AUeu  Thomson). 
A  small  portion  of  the  mucous  membrane  cut  perpendicularly  at  the  edges  is  shown  iu 
perspective  ;  on  the  surface  are  seen  the  orifices  of  the  crypts  of  Lieberkiihn  or  tubular 
glands,  the  most  of  them  lined  by  their  columnar  epithelium,  a  few  divested  of  it  and 
thus  appearing  larger  ;  along  the  sides  the  tubular  glands  are  seen  more  or  less  equally 
divided  by  the  section  ;  these  are  resting  on  a  wider  portion  of  the  submucous  tissue, 
from  which  the  blood-vessels  are  represented  as  passing  into  the  spaces  between  the 


Fig.  269. 


surface  is  seen  to  be  marked  all  over  by  the  orifices  of  numerous  tubular 

glands  (crij2)ts  of  Lieberkuhn)  (fig.  268), 

resembling  those  of  the  small  intestine, 

but  longer   and    more    numerous,  and 

placed  more  closely  together  and  at  more 

regular  intervals. 

Besides  these,  there  are  scattered  over 
the  whole  large  intestine  lymjjhoid  fol- 
licles, similar  to  the  solitary  glands  of 
the  small  intestine,  but  less  prominent. 
They  are  most  numerous  in  the  ctecum 
and  in  its  vermiform  appendix;  being 
placed  closely  all  over  the  latter. 

The  epithelium,  which  covers  the 
general  surface  of  the  mucous  membrane, 
and  lines  the  tubular  glands,  is  of  the 
columnar  kind,  and  in  every  respect 
similar  to  that  of  the  small  intestine. 
As  in  the  stomach  the  mucous  mem- 
brane consists  of  areolar  connective 
tissue  with  a  certain  amount  of  retiform 
tissue,  and  is  bounded  next  the  submu- 
cous coat  by  a  layer  of  plain  muscular 
fibres  {muscularis  onucosce),  which  sends 
prolongations  up  between  the  glands  to 
be  attached  to  the  basement  membrane 
near  the  surface,  in  the  same  way  as  in 
the  villi  of  the  small  intestine. 


Fig.      269.  —  Blood- Vessels     of 
Large  Intestine   as     seen    in 
Vertical  Section  (Kolliker). 
a,  artery  passing  up  from  sub- 
mucosa  ;  c,  vein  arising  from  capil- 
lary plexus,  b,  around  the  mouths 
of  the  glands. 
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Vessels  and  Nerves. — In  tlie  large  intestine  a  similar  arrangement  of  capil- 
lary plexuses  and  venous  radicles  obtains,  as  has  been  described  in  the  stomach 
(fig.  269).  The  arrangement  of  the  lymphatics  also  presents  great  similarity  : 
the  lymphatics  of  the  mucous  membrane  have  here  been  longer  recognized. 

Nervous  plexuses  similar  to  those  of  the  small  intestine  are  also  found  in.  the 
muscular  and  submucous  coats  of  the  large  intestine. 

SPECIAL    CHABACTEES    AND     CONNECTIONS    OP    THE    DIFFEEENT    PAETS 
OF    THE    LAEGE    INTESTINE. 

The  Cjeoum. — The  intesUnum  ccccimi,  or  cajmt  ccecwn  coli,  is  that  part 
of  the  large  intestine  which  is  situated  below  the  entrance  of  the  ileum 
(fig.  270,  cc).  Its  length  is  about  two  inches  and  a  half,  and  its  dia- 
meter nearly  the  same :  it  is  the  widest  part  of  the  large  intestine. 

The  caecum  is  situated  in  the 
Fig.  270,  right  iliac  fossa,  immediately  be- 

hind the  anterior  wall  of  the  ab- 
domen. It  is  covered  by  the 
peritoneum  in  front,  below,  and 
at  the  sides  :  but  behind  it  is 
usually  destitute  of  peritoneal 
covering,  and  is  attached  by 
areolar  tissue  to  the  fascia  cover- 
ing the  right  iliacus  muscle.  In 
this  case  the  cascum  is  compara- 
tively fixed  ;  but  in  other  in- 
stances the  peritoneum  surrounds 
it  almost  entirely,  and  forms  a 
duplicature  behind  it,  called 
meso-cmciim. 

Coming  oif  from  the  inner  and 
back  part  of  the  cgecum,  at  its 
lower  end,  is  a  narrow,  round, 
and  tapering  portion  of  the  in- 
testine, named  the  appendix  cccciy 
^'^f^  ^  '   J —""^      •j^iJJlj     '      or  appendix  vermiformis  (figs. 

^■^  ^  ^'  270,   271).     The   width  of  this 

process  is  usually  about  that  of  a 
large  quill  or  rather  more,  and 
its  length  varies  from  three 
to  six  inches,  these  dimensions 
differing  much  in  different  cases. 
Its  general  direction  is  upwards 
and  inwards  behind  the  ctecum  ; 
and  after  describing  a  few  slight 
turns  it  ends  in  a  blunt  point. 
It  is  retained  in  its  position  by  a 
small  fold  of  peritoneum,  which 
forms  its  mesentery.  The  csecal 
appendix  is  hollow  as  far  as  its  extremity :  and  its  cavity  communicates 
with  that  of  the  caecum  by  a  small  orifice,  sometimes  guarded  by  a 
valvular  fold  of  mucous  membrane. 

So  far  as  is  known,  this  appendix  is  peculiar  to  man  and  certain  of 
the  higher  apes,  and  to  the  wombat ;  but  in  some  animals,  as  in  the 
rabbit  and  hare,  the  distal  part  of  the  c^cum,  being  diminished  in 
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Fig.  270. — Stojiach  and  Intestines. 

cc,  Cfficum  ;  ac,  ascending  ;  tc,  transverse  ; 
and  DO,  descending  parts  of  the  colon  ;  sf, 
sigmoid  flexure  ;  e,  rectnm. 
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diameter  and  thickly  studded  with  lymphoid  follicles,  may  represent  a 
condition  of  the  appendix. 

Ileo-caecal  or  ileo-colic  valve. — The  lower  part  of  the  small  intestine 
(fig.  271  /),  ascending  from  left  to  right,  and  from  before  backwards, 


Fig.    271. — View    of     the    Ileo-colic  Fig.  271. 

Valve    from    the    Large  Intestine 
(after  Santorini).     J 

The  figure  sLows  the  lowest  part  of  the 
ileum,  i,  joining  the  ciscum,  c,  and  the 
ascending  colon,  o,  which  have  been 
opened  anteriorly,  so  as  to  display  the 
ileo-colic  valve  ;  a,  the  lower,  and  e,  the 
Tipper  segment  of  the  valve. 

enters  the  commencement  of  the 
large  intestine,  with  a  consider- 
able degree  of  obliqnity,  about 
two  inches  and  a  half  from  the 
bottom  of  the  cfficum,  and  opposite 
the  junction  of  the  latter  with 
the  ascending  colon.  The  open- 
ing leading  from  the  ileum  into 
the  large  intestine  is  guarded  by 
a  valve  composed  of  two  seg- 
ments or  folds.  This  is  the  ileo- 
ccBcal  or  ileo-colic  valve  :  it  is  also 
called  the  valve  of  Bauhin  and 

the  valve  of  Tulpius,  although  Fallopius  had  described  it  before  either  of 
those  anatomists. 

The  entrance  between  the  two  segments  of  the  valve  is  a  narrow 
elongated  slit-like  aperture,  lying  nearly  transverse  to  the  direction  of 
the  great  intestine.  It  is  rounded  and  widened  at  its  anterior  end 
which  is  turned  slightly  to  the  left,  but  the  posterior  end  is  narrow, 
and  pointed.  It  is  bounded  above  and  below  by  two  prominent  semi- 
lunar folds,  which  project  inwards  towards  the  cEecum  and  colon.  The 
upper  of  these  (fig.  271,  e)  is  horizontal  in  direction,  the  lower  and 
larger  (a)  more  oblique.  At  each  end  of  the  aperture  these  folds 
coalesce,  and  are  then  prolonged  as  a  single  ridge  on  each  side  for  some 
distance  round  the  cavity  of  the  intestine,  forming  the  frccna  or 
retinacula  of  the  valve.  The  opposed  surfaces  of  the  valvular  folds 
which  look  towards  the  ileum,  and  are  continuous  with  its  mucous  sur- 
face, are  covered  hke  it  with  villi  ;  while  their  other  surfaces,  turned 
toward  the  large  intestine,  are  smooth  and  destitute  of  villi.  When  the 
caecum  is  distended,  the  frana  of  the  valve  are  stretched,  and  the  mar- 
ginal folds  brought  into  apposition,  so  as  completely  to  close  the  aper- 
ture and  prevent  reflux  into  the  ileum,  while  at  the  same  time  no 
hindrance  is  offered  to  the  passage  of  additional  matter  from  thence  into 
the  great  intestine. 

Each  segment  of  the  valve  consists  of  two  layers  of  mucous  mem- 
brane, continuous  Avith  each  other  along  the  free  margin,  and  including 
between  them,  besides  the  submucous  areolar  tissue,  a  number  of  mus- 
cular fibres,  continued  from  the  circular  fibres  of  the  ileum  and  of  the 
large  intestine.     The  longitudinal  muscular  fibres  and  the  peritoneal 
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coat  take  no  part  in  the  formation  of  the  valve,  but  are  stretched  across 
it  uninterruptedly  from  one  intestine  to  the  other. 

The  Colon. — The  ascending  colon,  situated  in  the  right  lumbar 
and  hypochondriac  regions,  commencing  at  the  csecum  opposite  to  the 
ileo-cfccal  valve,  ascends  vertically  to  the  under  surface  of  the  liver,  near 
the  gall-bladder,  where  it  proceeds  forwards  and  then  turns  abruptly  to 
the  left,  forming  what  is  named  the  hepatic  flexure  of  the  colon.  The 
ascending  colon  is  smaller  than  the  caecum,  but  larger  than  the  trans- 
verse colon.  It  is  overlaid  in  front  by  some  convolutions  of  the  ileum, 
and  is  bound  down  firmly  by  the  peritoneum,  which  passes  over  its 
anterior  surface  and  its  sides,  and  generally  leaves  an  interval  in  which 
its  posterior  surface  is  connected  by  areolar  tissue  with  the  fascia  cover- 
ing the  quadratus  lumborum  muscle,  and  with  the  front  of  the  right 
kidney.  In  some  cases,  however,  the  peritoneum  passes  nearly  round  it, 
and  forms  a  distinct  though  very  short  right  meso-colon. 

The  TRANSVERSE  COLON  passcs  across  from  the  right  hypochondrium, 
through  the  upper  part  of  the  umbilical  region,  into  the  left  hypochon- 
drimii.  Sometimes  it  is  found  as  low  as  the  umbilicus  or  even  lower. 
At  each  extremity  it  is  situated  deeply  towards  the  back  part  of  the 
abdominal  cavity,  but  in  the  middle  it  curves  forwards,  and  lies  close  to 
the  anterior  wall  of  the  abdomen.  Hence  it  describes  an  arch,  the  con- 
cavity of  which  is  turned  towards  the  vertebral  column  ;  and  it  has 
accordingly  been  named  the  arch  of  the  colon. 

Above,  the  transverse  colon  is  in  contact  with  the  under  surface  of 
the  liver,  the  gall-bladder,  the  great  curvature  of  the  stomach,  and  the 
lower  end  of  the  spleen.  Below  it  are  the  convolutions  of  the  small 
intestine,  the  third  portion  of  the  duodenum  being  behind  it.  It  is 
invested  by  the  general  peritoneum,  which  forms  a  separate  fold  for 
it  behind,  the  transverse  meso-colon,  and  in  front  it  adheres  to  tlie  sac 
of  the  omentum. 

The  DESCENDING  COLON  is  continuous  with  the  left  extremity  of  the 
transverse  colon  by  a  sudden  bend  named  the  splenic  flexure.  At  this 
bending  there  is  found  a  remarkable  fold  of  peritoneum,  the  costo- 
colic  ov  pleura-colic  ligament,  which  stretches  with  a  lunated  free  border 
to  the  colon  from  the  diaphragm,  opposite  the  10th  or  11th  rib.  As 
was  pointed  out  by  Haller,  it  supports  the  spleen  although  uncon- 
nected with  that  organ,  and  might  be  termed  "  sustentaculum 
lienis."  The  colon  then  descends  almost  perpendicularly  through  the 
left  hypochondriac  and  lumbar  regions  to  the  left  iliac  fossa,  where  it 
ends  in  the  sigmoid  flexure.  The  peritoneum  affords  a  covering  to  it 
only  in  front  and  at  the  sides,  whilst  behind  it  is  connected  by  areolar 
tissue  to  the  left  crus  of  the  diaphragm,  the  quadratus  lumborum,  and 
the  left  kidney.  It  is  usually  concealed  behind  some  convolutions  of 
the  jejunum. 

The  SIGMOID  FLEXURE  of  the  colon,  situated  in  the  left  iliac  fossa, 
consists  of  a  double  bending  of  the  intestine  upon  itself  in  the  form  of 
the  letter  S,  immediately  before  it  becomes  continuous  with  the  rectum 
at  the  margin  of  the  pelvis  opposite  to  the  left  sacro-iliac  articulation. 
It  is  attached  by  a  distinct  meso-colon  to  the  iliac  fossa,  and  is  very 
movable.  It  is  placed  immediately  behind  the  anterior  parietes,  or  is 
concealed  only  by  a  few  turns  of  the  small  intestine.  The  sigmoid 
flexure  is  the  narrowest  part  of  the  colon. 

The  Rectum. — The  lowest  portion  of  the  large  intestine^  named  the 
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rectum,  extends  from  the  sigmoid  flexure  of  the  colon  to  the  anus,  and 
is  situated  entirely  within  the  true  pelvis,  in  its  back  part  (fig.  272,  r,  r). 
Commencing  opposite  the  left  sacro-iliac  articulation,  it  is  directed 
at  first  obliquely  downwards,  and  from  left  to  right,  to  gain  the  middle 
line  of  the  sacrum.  It  then  changes  its  direction,  and  curves  forwards 
in  front  of  the  lower  part  of  the  sacrum  and  the  coccyx,  and  behind 
the  bladder,  vesiculas  seminales  and  prostate  in  the  male,  and  at  the 
back  of  the  cervix  uteri  and  vagina  in  the  female.      Opposite  the 


Fiff.  272. 


-Vektigal  Section  of  the  Pelvis  and  its  Viscera  in  the  Male 
(from  Houston),     g 


This  figure  is  introduced  to  illustrate  the  form,  position,  and  relations  of  the  rectum  ; 
it  also  shows  the  bladder  and  urethra  with  the  pelvic  inflection  of  the  peritoneum  over 
these  viscera  :  r,  r,  r,  the  upper  and  middle  parts  of  the  rectum,  and  at  the  middle 
letter  the  fold  separating  the  two  ;  r,  a,  the  lower  or  anal  portion  ;  r,  the  upper  part  of 
the  urinary  bladder  ;  v',  the  base,  at  the  place  where  it  rests  more  immediately  on  the 
rectum  ;  p,  the  prostate  gland  and  prostatic  portion  of  the  urethra  ;  &,  the  bulb  ;  c,  c, 
the  corpus  cavernosum  penis  and  suspensory  ligament  ;  sc,  the  scrotum  ;  s,  symphysis 
pubis. 

prostate  it  makes  another  turn,  and  inclines  downwards  and  backwards 
to  reach  the  anus.  The  infestinum  rectum,  therefore,  so  called  from  its 
original  description  being  derived  from  animals,  is  far  from  being 
straight  in  the  human  subject.  Seen  from  the  front,  the  upper  part 
of  the  rectum  presents  a  lateral  inclination  from  the  left  to  the  median 
line  of  the  pelvis,  sometimes  passing  beyond  the  middle  to  the  right ; 
and  when  viewed  from  the  side  {fig.  272),  it  offers  two  curves,  one 
corresponding  with  the  hollow  front  of  the  sacrum  and  coccyx,  and 
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the  other  at  the  lower  end  of  the  bowel,  forming  a  shorter  turn  in  the 
opposite  direction. 

Unlike  the  rest  of  the  large  intestine,  the  rectum  is  not  sacculated, 
"but  is  smooth  and  cylindrical ;  and  it  has  no  separate  longitudinal 
bands  upon  it.  It  is  about  eight  inches  in  length,  and  at  its 
upper  end  is  rather  narrower  than  the  sigmoid  flexure,  but  becomes 
dilated  into  a  large  ampulla  or  reservoir  immediately  above  the 
anus. 

The  upper  part  of  the  rectum,  covered  by  peritoneum,  is  in  contact 
in  front  with  the  back  of  the  bladder  (or  uterus  in  the  female),  unless 
some  convolutions  of  the  small  intestine  happen  to  descend  between 
them.  The  ureter  and  branches  of  the  internal  iliac  artery  ai'e  in 
contact  with  it  on  the  left  side.  It  is  attached  behind  to  the  sacrum 
by  a  duplicature  of  peritoneum  named  the  mBso-redum.  Lower  down 
the  peritoneum  covers  the  intestine  in  front  and  at  the  sides,  and  at  last 
in  front  only ;  still  lower,  it  quits  the  intestine  altogether,  and  is  re- 
flected forwards  to  ascend  in  the  male  upon  the  back  of  the  bladder,  in 
the  female  on  the  back  of  the  upper  part  of  the  vagina  and  the  uterus. 
In  passing  from  the  rectum  to  the  bladder,  the  peritoneum  forms  a  cul- 
de-sac,  the  recto-vesical  pouch,  which  extends  downwards  between  the 
intestine  and  the  bladder  to  within  an  inch  or  more  from  the  base  of 
the  prostate,  and  is  bounded  above  at  each  side  by  a  lunated  fold  of  the 
serous  membrane,  of  which  the  left  is  almost  always  the  larger  (pos- 
terior ligaments  of  the  bladder). 

Below  the  point  where  the  peritoneum  ceases  to  cover  it,  the  rectum 
is  connected  to  surrounding  parts  by  areolar  tissue,  which  is  mostly 
loaded  with  fat.  In  this  way  it  is  attached  behind  to  the  fi'ont  of  the 
sacrum  and  the  coccyx,  and  at  the  sides  to  the  coccygei  and  levatores 
ani  muscles.  In  front,  it  is  in  immediate  connection  with  a  trian- 
gular portion  of  the  base  of  the  bladder  (fig.  272,  v');  on  each  side  of 
this,  Avith  the  vesiculae  seminales  ;  and  farther  forwards,  with  the  under 
surface  of  the  prostate  {p).  Below  the  prostate,  where  the  rectum  turns 
downwards  to  reach  the  anus,  it  becomes  invested  by  the  fibres  of 
the  internal  sphincter,  and  embraced  by  the  levatores  ani  muscles,  by 
which,  as  w^ell  as  by  the  triangular  ligament  of  the  urethra,  it  is  sup- 
ported. Lastly,  at  its  termination  it  is  surrounded  by  the  external 
sphincter  ani  muscle. 

In  the  female,  the  lower  portion  of  the  rectum  is  firmly  connected 
with  the  back  of  the  vagina. 

For  convenience  of  description  the  rectum  is  sometimes  divided  arbitrarily  into 
tliree  parts  ;  the  first  or  ui3j)ennost,  about  34  inches  long,  extending  to  the  centre 
of  the  3rd  sacral  vertebra  :  the  middle  part  (3  inches)  from  this  point  to  the  tip 
of  the  coccyx  ;  whilst  the  lowermost,  about  an  inch  and  a  half  long,  curves  back 
to  the  anus. 

Structure  of  tlie  rectum. — The  rectum  differs  in  some  respects 
from  the  rest  of  the  large  intestine,  in  the  structure  of  both  its  muscular 
and  its  mucous  coats. 

The  muscular  coat  is  very  thick :  the  external  or  longitudinal  fibres 
form  a  uniform  layer  around  it,  and  cease  near  the  lower  end  of  the 
intestine;  the  internal  or  circular  fibres,  on  the  contrary,  become  more 
numerous  in  that  situation,  where  they  form  what  is  named  the  internal 
sphincter  muscle.     The  longitudinal  fibres  are  paler  than  the  circular 
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but  both  layers  become  darker  and  redder  towards  the  termination  of 
the  bowel. 

The  mucous  memlrane  of  the  rectum  is  thicker,  redder,  and  more 
vascular  than  that  of  the  colon ;  and  it  moves  more  freely  upon  the  mus- 
cular coat ; — in  this  respect  resembling  the  lining  membrane  of  the 
02sopliagus.  It  presents  numerous  folds  of  different  sizes,  and  running* 
in  various  directions,  nearly  all  of  which  are  effaced  by  the  distension  of 
the  bowel.  Near  the  anus  these  folds  are  principally  longitudinal,  and 
seem  to  depend  on  the  contraction  of  the  sphincter  muscles  outside  the 
loosely  connected  mucous  membrane.  The  larger  of  these  folds  were 
named  by  Morgagni  the  columns  of  the  rectum  {columned  recti).  These 
columns  contain  longitudinal  muscular  fibres  (apparently  part  of  the 
muscularis  mucosEe),  which  terminate  both  superiorly  and  inferiorly  in 
elastic  tissue  (Treitz).  Higher  up  in  the  intestine,  the  chief  folds  are 
transverse  or  oblique.  Three  prominent  folds,  larger  than  the  rest, 
being  half  an  incli  or  more  in  depth,  and  having  an  oblique  direction 
in  the  interior  of  the  rectum,  have  been  pointed  out  specially  by 
Houston.  One  of  these  projects  backwards  from  the  upper  and  fore 
part  of  the  rectum,  opposite  the  prostate  gland  ;  another  is  placed  higher 
up,  at  the  side  of  the  bowel ;  and  the  third  still  higher.  From  the 
position  and  projection  of  these  folds,  they  may  more  or  less  impede 
the  introduction  of  instruments  (Dublin  Hospital  Eeports,  vol.  v.). 

Vessels  and  KTerves  of  tlie  Rectiim. — The  arteries  of  the  rectum  spring 
from  three  sources,  viz.,  the  superior  hasmorrhoidal  branches  fi-om  the  inferior 
mesenteric  ;  the  middle  haimorrhoidal  branches  from  the  internal  iliac  directly 
or  indirectly ;  and,  lastly,  the  external  or  inferior  hasmorrhoidal  branch  from  the 
pudic  ai-tery.  The  aiTangement  of  the  vessels  is  not  the  same  throughout  the 
rectum.  Over  the  gTeater  part  the  ai'teries  penetrate  the  muscular  coat  at  short 
intei-vals,  suppljang  its  layers  as  they  pass  through,  and,  at  once  dividing  into 
small  branches  in  the  submucosa,  form  a  network  by  theii-  inter-communication. 
Towards  the  lower  end,  for  four-  or  five  inches,  the  arrangement  is  different.  Here 
the  vessels,  having  penetrated  the  muscrdar  coat  at  different  heights,  assume 
a  longitudinal  direction,  passing  in  pai-allel  lines  towards  the  end  of  the  bowel. 
In  their  progress  downwards  they  communicate  with  one  another  at  intervals, 
and  they  are  very  freely  connected  near  the  orifice,  where  all  the  arteries  join 
by  transverse  branches  of  considerable  size.     (Quain,  Diseases  of  the  Eectum.) 

The  veins  are  very  numerous,  and  form  a  complex  interlacement  resembling 
that  of  the  arteries  just  described,  and  named  the  Itcenwrrholdal  plexus.  After 
following  a  longitudinal  course  upwards  similar  to  that  of  the  arteries  which 
they  accompany,  they  end  partly  in  the  internal  iliac  vein  by  branches  which 
accompany  the  middle  hemorrhoidal  artery,  and  partly  in  the  inferior  mesenteric 
vein.  Hence,  the  blood  from  the  rectum  is  returned  in  paii;  into  the  vena  cava, 
and  in  part  into  the  portal  system. 

The  hjmphatlcs  enter  some  glands  placed  in  the  hollow  of  the  sacram,  or  those 
of  the  lumbar  series. 

The  nerves  are  very  numerous,  and  are  derived  from  both  the  cerebro-spinal 
and  the  sympathetic  systems.  The  fonner  consist  of  branches  derived  from  the 
sacral  plexus  ;  and  the  latter,  of  offsets  from  the  inferior  mesenteric  and  hypo- 
gastric plexuses. 

THE  AJJUS  AND  ITS  MUSCLES. 

The  anus,  or  lower  opening  of  the  alimentary  canal,  is  a  dilatable 
orifice,  surrounded  internally  by  the  mucous  membrane,  and  externally 
by  the  skin,  which  two  structures  here  become  continuous  with  and 
pass  into  each  other.    The  skin  around  the  borders  of  the  anus,  which 
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is  thrown  into  wrinkles  during  the  closed  state  of  the  orifice,  is  covered 
with  numerous  papillse,  and  is  provided  with  hairs  and  sebaceous 
follicles. 

The  lower  end  of  the  rectum  and  the  margin  of  the  anus  are,  more- 
over, embraced  by  certain  muscles,  which  serve  to  support  the  bowel, 
and  to  close  its  anal  orifice.  These  muscles,  proceeding  from  within 
outwards,  are,  the  internal  sphincter,  the  levatores  ani,  the  coccj'gei,  and 
the  external  sphincter.  The  three  last  muscles  have  already  been 
described. 

The  internal  sphincter  muscle  (sphincter  ani  intemus)  is  a  muscular 
ring  or  rather  belt,  surrounding  the  lower  part  of  the  rectum,  an  inch 
above  the  anus,  and  extending  over  about  half  an  inch  of  the  intestine. 
It  is  two  lines  thick,  and  is  paler  than  the  external  sphincter.  Its  fibres 
.are  continuous  above  with  the  circular  muscular  fibres  of  the  rectum, 
and,  indeed,  it  coflsists  merely  of  those  fibres  more  numerously  developed 
than  elsewhere,  and  prolonged  farther  down  than  the  external  longitu- 
dinal fibres. 

Kohlrausch  describes  a  thin  stratum  of  fibres  between  the  mucous  membrane 
and  the  internal  sphincter,  these  fibres  having  a  longitudinal  direction.  Henle 
"thinks  this  is  nothing  more  than  the  stratum  of  fibres  belonging  to  the  proper 
mucous  coat ;  but  Kohlrausch  gives  it  a  distinct  name,  the  sustentator  tunica 
mucosa3.     (Kohli-ausch,  Anat.  und  Phys.  d.  Beckenorgane.     Leipzig,  185-1.) 

Ellis  further  describes  a  thin  layer  of  involuntary  muscle  with  radiating  fibres 
which  pass  from  the  submucous  tissue  inside  the  internal  si^hincter  to  end  in  the 
subdennic  tissue  outside.     (Illustrations  of  Dissections.     London,  1865.     P.  243.) 

THE     LIVER. 

The  liver  is  an  important  glandular  organ,  very  constant  in  the 
animal  series,  being  found  in  all  vertebrate,  and,  in  a  more  or  less  de- 
veloped condition,  in  most  invertebrate  tribes.  It  secretes  the  bile, 
and  appears  to  act,  in  a  manner  as  yet  imperfectly  understood,  upon  the 
blood  which  is  transmitted  through  it.  Moreover  there  is  formed  in 
its  texture  a  starchy  substance  (glycogen),  very  easily  converted  into 
sugar. 

The  liver  is  the  largest  gland  in  the  body,  and  by  far  the  most  bulky 
of  the  abdominal  viscera.  It  measures  about  10  or  12  inches  trans- 
versely from  right  to  left,  between  6  and  7  inches  from  its  posterior 
to  its  anterior  border,  and  about  3-|-  inches  from  above  downwards  where 
thickest,  which  is  towards  the  right  and  posterior  part.  The  average 
bulk,  according  to  Krause,  is  88  cubic  inches ;  according  to  Beale,  one 
hundred.  The  ordinary  weight  in  the  adult  is  between  50  and  60 
ounces. 

According  to  the  facts  recorded  by  Eeid,  the  liver  weighed,  in  43  cases  out  of 
82,  between  48  and  58  ounces  in  the  adult  male ;  and  in  17  cases  out  of  36, 
between  40  and  50  ounces  in  the  adult  female.  It  is  generally  estimated  to  be 
equal  to  about  l-36th  of  the  weight  of  the  whole  body  ;  but  in  the  fogtus,  and 
in  early  life,  its  propoi-tionate  weight  is  gi-eater. 

The  specific  gravity  of  the  liver,  according  to  Ki-ause  and  others,  is  between 
1'05  and  1-06  :  in  fatty  degeneration  this  is  reduced  to  1'03,  or  even  less. 

The  liver  is  solid  to  the  feel,  and  of  a  dull  reddish-brown  colour,  with 
frequently  a  dark-purplish  tinge  along  the  margin.  It  has  an  upper 
surface  smooth  and  convex,  and  an  under  surface,  which  is  uneven  and 
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concave  ;  the  circumference  is  thick  and  rounded  behind  and  on  the 
right,  but  becomes  gradually  less  so  towards  the  left  and  front  borders.. 
which  are  sharp  and  thin. 

The  liver  is  divided  into  two  unequal  lobes,  a  right  and  a  left,  and  on 
the  under  surface  of  the  right  lobe  are  three  secondary  lobes  or  lobules, 
named  the  lobe  of  Spigelius,  the  caudate  or  tailed  lobe,  and  the  square- 
lobe. 

Five  fissures  or  fossas  are  likewise  described  ;  viz.,  the  transverse  or 
portal  ;  the  umbilical  fissure  and  the  fissure  of  the  ductus  venosus,  to- 
gether forming  the  longitudinal  fissure  ;  the  fossa  of  the  vena  cava  and 
the  fossa  for  the  gall  bladder. 

Surfaces. — The  upper  surface  of  the  organ  is  convex,  smooth,  and 
covered  with  peritoneum.     It  is  marked  off  into  a  right  portion,  large 
and  convex,  and  a  left  portion,  smaller  and  flatter,  by  the  line  of  attach 
ment  of  the  fold  of  peritoneum  named  the  falciform  or  broad  ligament 

The  under  surface  (fig.  273)  looks  somewhat  backwards,  and  is 
concave  and  uneven.  It  is  invested  with  peritoneum  everywhere  ex- 
cept where  the  gall-bladder  is  adherent  to  it,  and  at  the  portal  fissure 
and  fissure  of  the  ductus  venosus,  where  the  fold  of  peritoneum  (lesser 
omentum)  comes  off,  which  encloses  the  blood-vessels  and  ducts  of  the 

Fig.  273. 


Fig.   273. — Lower  Surface  of   the   Liver  with  the  Principal   Blood-vessels  ani> 
Ducts  (from  Sappey).     g 

1,  left  lobe  ;  2,  3,  4,  5,  right  lobe  ;  6,  lobulns  qiiadratus  ;  7,  pons  hepatis  ;  8,  9,  10, 
lobulus  Spigelii  ;  11,  lobulus  caudatus  ;  12,  13,  transverse  or  portal  fissure  with  the 
great  vessels  ;  14,  hepatic  artery  ;  15,  vena  portas  ;  16,  anterior  part  of  the  longitudinal 
fissure,  containing  17,  the  round  ligament  or  remains  of  the  obliterated  umbilical  vein  ^ 
18,  posterior  part  of  the  same  fissure,  containing  19,  the  obliterated  ductus  venosus  ;  20, 
21,  22,  gall-bladder  ;  23,  cystic  duct  ;  24,  hepatic  duct  ;  25,  fossa  containing  26,  the 
vena  cava  inferior  ;  27,  opening  of  a  small  vein  from  the  capsule  of  the  organ  ;  28,  small 
part  of  the  trunk  of  the  right  hepatic  vein  ;  29,  trunk  of  the  left  hepatic  vein  ;  30,  31> 
openings  of  the  right  and  left  diaphragmatic  veins. 

viscuSj  and  passes  to  the  smaller  curvature  of  the  stomach.     On  this 
surface  the  lobes  and  fissures  of  the  liver  are  observed. 
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Lobes. — The  right  and  left  lobes  are  separated  from  each  other  on 
the  under  surface  by  the  longitudinal  fissure,  and  in  front  by  the  inter- 
lobular notch  :  on  the  convex  surface  of  the  liver  there  is  no  other  indi- 
cation of  a  separation  between  them  than  the  line  of  attachment  of  the 
broad  ligament.  The  right  lobe  is  much  larger  and  thicker  than  the 
left,  which  constitutes  only  about  one-fifth  or  one-sixth  of  the  entire 
gland. 

The  lobultis  qmadratiis  (anonymus)  (fig.  273,  6)  is  situated  be- 
tween the  gall-bladder  and  the  great  longitudinal  fissure,  and  in  front 
of  the  portal  or  transverse  fissure.  '  It  is  somewhat  oblong  from  before 
backwards. 

The  lobuMs  Spigelii(8,  9,  10),  more  prominent  and  less  regular  in 
shape  than  the  quadrate  lobe,  lies  behind  the  fissure  for  the  portal  vein, 
and  is  bounded  on  the  right  and  left  by  the  fissures  which  contain  the 
inferior  vena  cava  and  the  remains  of  the  ductus  venosus(25,  19). 

The  lobuliis  caudatus  (11)  is  a  sort  of  ridge  which  extends  from 
the  base  of  the  Spigelian  lobe  to  the  under  surface  of  the  right  lobe. 
This,  in  the  natural  position  of  the  parts,  passes  forwards  above  the 
passage  named  foramen  of  Winslow,  the  Spigelian  lobe  itself  being 
situated  behind  the  small  omentum,  and  projecting  into  the  omental  sac. 

Fissures. — ^The  transverse  or  portal  fissure  (fig.  273,  12,  13)  is  the 
most  important,  because  it  is  here  that  the  great  vessels  and  nerves 
enter,  and  the  hepatic  duct  passes  out.  It  lies  transversely  between  the 
lobulus  quadratus  and  lobulus  Spigelii,  and  meets  the  longitudinal 
fissure  nearly  at  right  angles.  At  its  two  extremities,  the  right  and 
left  divisions  of  the  hepatic  artery  and  portal  vein,  together  with 
the  nerves  and  deep  lymphatics,  enter  the  organ,  while  the  right  and 
left  hepatic  ducts  emerge. 

Thelongitiidinal  fissure,  between  the  right  and  the  left  lobes,  is  divided 
into  two  parts  by  its  meeting  with  the  transverse  fissure.  The  anterior 
part  (16),  named  the  umbilical  fissure,  contains  the  umbilical  vein  in 
the  foetus,  and  the  remnant  of  that  vein  in  the  adult,  which  then  con- 
stitutes the  round  ligament  (17).  It  is  situated  between  the  square  and 
the  left  lobe  of  the  liver,  the  substance  of  which  often  forms  a  bridge 
(jJmis  hepafis)  across  the  fissure,  so  as  to  convert  it  partially  or  completely 
into  a  canal.  The  posterior  part  (18)  is  named  the  fissure  of  the  ductus 
venosus  {fossa  ductus  venosi)  ;  it  is  situated  between  the  lobe  of  Spi- 
gelius  and  the  left  lobe  and  lodges  the  ductus  venosus  in  the  foetus,  and 
in  the  adult  a  slender  cord  or  ligament  (19)  into  which  that  vein  is 
converted. 

The  fissure  or  fossa  of  the  vena  cava  (25)  is  situated  at  the  back 
part  of  the  liver,  between  the  Spigelian  lobe  and  the  right  lobe, 
and  is  separated  from  the  transverse  fissure  by  the  caudate  lobe.  It 
is  prolonged  upwards  in  an  oblique  direction  to  the  posterior  border 
of  the  liver,  and  may  be  said  to  join  behind  the  Spigelian  lobe  with  the 
fissure  for  the  ductus  venosus.  It  is  at  the  bottom  of  this  fossa  that 
the  blood  leaves  the  liver  by  the  hepatic  veins,  which  end  here  in  the 
vena  cava.  As  in  the  case  of  the  umbilical  fissure,  the  substance  of  the 
liver  in  some  cases  unites  around  the  vena  cava,  and  encloses  that  vessel 
in  a  canal. 

The  last  remaining  fissure,  or  rather  fossa  {fossa  cystis  fellece),  is 
that  for  the  lodgment  of  the  gall-lladder  (21) ;  it  is  sometimes  continued, 
into  a  slight  rounded  notch  on  the  anterior  margin  of  the  liver. 
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Two  shallow  impressions  are  seen  on  the  under  surface  of  the  righfc 
lobe  ;  one  in  front  {imjoressio  colica),  corresponding  with  the  hepatic 
flexure  of  the  colon  ;  and  one  behind  {imjwessio  renalis),  corresponding 
with  the  right  kidney. 

Borders. — The  anterior  border  of  the  liver,  a  thin,  free,  and  sharp 
margin,  is  the  most  movable  part.  Opposite  the  longitudinal  fissure  it 
presents  a  notch,  and,  to  the  right  of  this,  there  is  often  another  slight 
notch  opposite  the  fundus  of  the  gall-bladder. 

The  posterior  border,  which  is  directed  backwards  and  upwards,  is 
thick  and  rounded  on  the  right  side,  but  becomes  gradually  thinner 
towards  the  left.  It  is  the  most  fixed  part  of  the  organ,  and  is  firmly 
attached  by  areolar  tissue  to  the  diaphragm.  This  border  of  the  liver 
is  curved  opposite  to  the  projection  of  the  vertebral  column,  and  has  a 
deep  groove  for  the  reception  of  the  ascending  vena  cava. 

Of  the  two  lateral  borders  of  the  liver,  the  right  is  placed  lower 
down,  and  is  thick  and  obtuse  ;  whilst  the  left  is  the  thinnest  part  of 
the  gland,  is  raised  to  a  higher  level,  and  reaches  the  cardiac  part  of 
the  stomach. 

Ligaments. — ^The  five  ligaments  of  the  liver  are,  with  one  exception, 
only  folds  of  serous  membrane.  One  of  these,  the  coronary  ligament, 
is  a  reflection  of  peritoneum  around  the  somewhat  triangular  portion  of 
the  posterior  border  of  the  liver,  which  is  immediately  adherent  to  the 
diaphragm  and  at  either  end  is  continued  into  two  short  folds — the 
right  and  left  lateral  or  triangular  ligaments,  of  which  the  left  is  the 
longer  and  more  distinct.  Another  of  these  so-called  ligaments  is  the 
broad,  falciform,  or  suspensory  ligament,  a  wide  thin  membrane, 
formed  of  two  cohering  layers  of  peritoneum.  By  one  of  its  margins 
it  is  connected  with  the  under  surface  of  the  diaphragm,  and  with  the 
sheath  of  the  right  rectus  muscle  of  the  abdomen  as  low  as  the  um- 
bilicus ;  by  another  it  is  attached  along  the  convex  surface  of  the  liver, 
from  the  posterior  border  to  the  notch  in  the  anterior  border :  the  re- 
maining margin  is  free,  ard  contains  between  its  layers  the  round 
ligament,  a  dense  fibrous  cord,  the  remnant  of  the  umbilical  vein  of 
the  foetus,  which  ascends  from  the  umbilicus,  within  the  lower  edge  of 
the  broad  ligament,  and  enters  the  longitudinal  fissure  on  the  under 
surface. 

Position  with  regard  to  neighbouring  parts. — Occupying  the 
right  hypochondriac  region,  and  extending  across  the  epigastric  region 
into  a  part  of  the  left  hypochondrium,  the  liver  is  accurately  adapted  to 
the  vault  of  the  diaphragm  above,  and  is  covered,  to  a  small  extent  in 
front,  by  the  abdominal  parietes.  The  right  portion  reaches  higher 
beneath  the  ribs  than  the  left,  corresponding  thus  with  the  elevated 
position  of  the  diaphragm  on  the  right  side.  The  liver  is  separated  by 
the  diaphragm  fi-om  the  concave  base  of  the  right  lung,  the  thin 
margin  of  which  descends  so  as  to  intervene  between  the  surface  of  the 
body  and  the  solid  mass  of  the  liver. 

The  convex  surface  is  protected,  on  the  right,  by  the  six  or  seven 
lower  ribs,  and  in  front  by  the  cartilages  of  the  same  and  by  the  ensi- 
form  cartilage — the  diaphragm,  of  course,  being  interposed.  The 
situation  of  the  liver  is  modified  by  the  position  of  the  body,  and  also 
by  the  movements  of  respiration ;  thus,  in  the  upright  or  sitting 
posture,  it  reaches  below  the  margin  of  the  thorax ;  but  in  the 
recumbent  position  ascends  an  inch  or  an  inch  and  a  half  higher  up, 
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and  is  entirely  covered  by  the  ribs,  except  a  small  portion  opposite  the 
substernal  notch.  Again,  during  a  deep  inspiration,  the  liver  descends 
below  the  ribs,  and  in  expiration  retires  upwards  behind  them.  In 
females  it  is  often  permanently  forced  downwards  below  the  costal  car- 
tilages, owing  to  the  use  of  tight  stays  ;  sometimes  it  reaches  nearly  as 
low  as  the  crest  of  the  ilium. ;  and,  in  many  such  cases,  its  convex 
surface  is  indented  from  the  pressure  of  the  ribs. 

To  the  left  of  the  longitudinal  fissure  the  liver  is  in  contact  with  the 
pyloric  extremity  and  anterior  surface  of  the  stomach,  on  which  it 
moves  freely.  When  the  stomach  is  quite  empty,  the  left  part  of  this 
surface  of  the  liver  may  overlap  the  cardiac  end  of  that  viscus.  To  the 
right  of  the  longitudinal  fissure  the  liver  rests  upon  the  first  part  of 
the  duodenum  and  the  hepatic  flexure  of  the  colon.  Farther  back  it  is  in 
contact  with  the  upper  part  of  the  right  kidney  and  suprarenal  capsule. 

Vessels  and  Xerves. — The  two  vessels  by  which  the  liver  is  sup- 
plied with  blood  are  the  hepatic  artery  and  the  vena  portte.  The  he- 
patic artery  (fig.  273,  14),  a  branch  of  the  cceliac  axis,  is  small  in  com- 
parison with  the  organ  to  which  it  is  distributed.  It  enters  the  trans- 
verse fissure,  and  there  divides  into  a  right  and  left  branch,  for  the  two 
principal  lobes. 

By  far  the  greater  part  of  the  blood  which  passes  through  the  liver, — 
and  in  this  respect  it  differs  from  all  other  organs  of  the  human  body, — 
is  conveyed  to  it  by  a  large  vein,  the  vena  ports3  (fig.  273,  15).  This 
vein  is  formed  by  the  union  of  the  veins  of  the  stomach,  intestines  and 
omenta  as  well  as  those  of  the  pancreas  and  spleen,  and  also  those  from 
the  gall-bladder.  It  enters  the  transverse  fissure,  or  porta^  and,  like  the 
hepatic  artery,  divides  into  two  principal  branches. 

The  hepatic  artery  and  portal  vein,  lying  in  company  with  the  bile- 
duct,  ascend  to  the  liver  between  the  layers  of  the  gastro-hepatic 
omentum,  above  the  foramen  of  Winslow,  and  thus  reach  the  transverse 
fissure.  In  this  course  the  bile-duct  is  to  the  right,  the  hepatic 
artery  to  the  left,  and  the  large  portal  vein  behind  the  other  two.  They 
are  accompanied  by  numerous  lymphatic  vessels  and  nerves.  The 
branches  of  these  three  vessels  accompany  one  another  in  their  course 
through  the  liver  nearly  to  their  termination  ;  and  are  surrounded  for 
some  distance  by  a  common  areolar  investment  (Glisson's  capsule), 
which  is  prolonged  into  the  interior  of  the  organ. 

The  hepatic  veinsj  which  convey  the  blood  away  from  the  liver, 
pursue  through  its  substance  an  entirely  different  course  fi'om  the  other 
vessels,  and  pass  out  at  its  posterior  border,  where,  at  the  bottom  of  the 
fossa  already  described,  they  end  by  two  or  three  principal  branches, 
besides  a  number  of  smaller  ones,  in  the  vena  cava  inferior. 

The  lymphatics  of  the  liver,  large  and  numerous,  form  a  deep  and 
a  superficial  set.  Their  mode  of  origin  and  distribution  will  be  after- 
wards described. 

The  nerves  are  derived  partly  from  the  cceliac  plexus,  and  partly 
from  the  pneumogastric  nerves,  especially  from  the  left  pneumogastric. 
They  enter  the  liver  supported  by  the  hepatic  artery  and  its  branches  ; 
along  with  which  they  may  be  traced  a  considerable  way  in  the  portal 
canals,  but  their  ultimate  distribution  is  not  known. 

Excretory  Apparatus.  —  The  excretory  apparatus  of  the  liver 
consists  of  the  hepatic  duct,  the  cystic  duct,  the  gall-bladder,  and  the 
common  bile-duct,. 
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The  hepatic  duct,  formed  by  the  union  of  a  right  and  left  branch, 
■which  issue  from  the  bottom  of  the  transverse  fissure  and  unite  at  a 
very  obtuse  angle,  descends  to  the  right,  within  the  g astro-hepatic 
omentum,  in  front  of  the  vena  portas,  and  with  the  hepatic  artery  to 
its  left.  Its  diameter  is  about  two  lines,  and  its  length  nearly  two 
inches.  At  its  lower  end  it  meets  with  the  cystic  duct,  descending  fi-om 
the  gall-bladder  ;  and  the  two  ducts  uniting  together  at  an  acute  angle, 
form  the  common  bile-duct. 

The  gall-bladder  (fig.  273,  20)  is  a  pear-shaped  membranous  sac, 
3  or  4  inches  long,  about  an  inch  and  a  half  across  its  widest  part, 
and  capable  of  containing  from  8  to  12  fluid-drachms.  It  is  lodged 
obliquely  in  a  fossa  on  the  under  surface  of  the  right  lobe,  with  its  large 
end  or  fimdus  (21),  y^hich  projects  beyond  the  anterior  border  of  the 
liver,  directed  downwards,  forwards,  and  to  the  right,  whilst  its  neck 
(22),  is  inclined  in  the  opposite  direction.  The  gall-bladder  is  attached 
above  to  the  liver  by  areolar  tissue  and  vessels,  along  the  fossa  formed 
between  the  quadrate  lobe  and  the  remainder  of  the  right  lobe.  Below, 
it  is  free  and  covered  by  the  peritoneum,  which  is  here  reflected  from 
the  liver,  so  as  to  support  the  gall-bladder.  Sometimes,  however,  the 
peritoneum  completely  surrounds  the  latter,  which  is  then  suspended  at 
a  little  distance  from  the  under  surface  of  the  liver.  The  fundus, 
which  is  free,  projecting,  and  always  covered  with  peritoneum,  touches 
the  abdominal  parietes  immediately  beneath  the  margin  of  the  thorax, 
opposite  the  tip  of  the  tenth  costal  cartilage.  Below,  the  gall-bladder 
rests  on  the  commencement  of  the  transverse  colon  ;  and,  farther  back, 
is  in  contact  with  the  duodenum,  and  sometimes  with  the  pyloric 
extremity  of  the  stomach.  The  JiecJc,  gradually  narrowing,  forms  two 
curves  upon  itself  like  the  letter  S,  and  then,  becoming  much  con- 
stricted, and  changing  its  general  direction  altogether,  it  bends  down- 
wards and  terminates  in  the  cystic  duct. 

The  gall-bladder  is  supplied  with  blood  by  the  cystic  branch  of  the 
right  division  of  the  hepatic  artery,  along  which  vessel  it  also  receives 
nerves  from  the  coeliac  plexus.  The  cystic  veins  empty  themselves  into 
the  vena  portte. 

The  cystic  duct  is  about  an  inch  and  a  half  in  length.  It  runs 
downwards  and  to  the  left,  and  unites  with  the  hepatic  duct  to  form 
the  common  bile-duct. 

The  common  bile-duct,  ductus  communis  cJioledochus,  the  largest  of 
the  ducts,  being  from  two  to  three  lines  in  width,  and  nearly  three 
inches  in  length,  conveys  the  bile  from  the  liver  and  the  gall-bladder 
into  the  duodenum.  It  passes  downwards  and  backwards,  continuing  the 
course  of  the  hepatic  duct,  between  the  layers  of  the  gastro-hepatic 
omentum,  in  front  of  the  vena  portse,  and  to  the  right  of  the  hepatic 
artery.  Passing  behind  the  first  part  of  the  duodenum  it  reaches  the 
descending  portion  and  continues  downwards  on  the  inner  and  posterior 
aspect  of  that  part  of  the  intestine,  covered  by  or  included  in  the  head 
of  the  pancreas,  and,  for  a  short  distance,  in  contact  with  the  right  side 
of  the  pancreatic  duct.  Together  with  that  duct,  it  then  perforates  the 
muscular  wall  of  the  intestine,  and,  after  running  obliquely  for  three 
quarters  of  an  inch  between  its  coats,  and  forming  an  elevation 
beneath  the  mucous  membrane,  it  becomes  somewhat  constricted,  and 
opens  by  a  common  orifice  with  the  pancreatic  duct  on  the  inner  surface 
of  the  duodenum,  near  the  junction  of  the  second  and  third  portions  of 
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tliat  intestine,  and  three  or  four  inches  below  the  pylorus,  as  already 
described. 

Varieties. — ^The  liver  is  not  subject  to  gi-eat  or  frequent  deviation  from  its 
ordinary  f oim  and  relations.  Sometimes  it  retains  the  thick  rounded  form  which 
it  presents  in  the  foetus ;  and  it  has  occasionally  been  found  without  any  divi- 
sion into  lobes.  On  the  contrary,  Soemmemng  has  recorded  a  case  in  which  the 
adult  liver  was  divided  into  twelve  lobes ;  and  similar  cases  of  subdivided  liver 
(resembling  that  of  some  animals)  have  been  now  and  then  observed  by  others. 
A  detached  portion,  forming  a  sort  of  accessory  liver,  is  occasionally  found 
appended  to  the  left  extremity  of  the  gland  by  a  fold  of  peritoneum  containing 
blood  vessels. 

The  gall-bladder  is  occasionally  wanting ;  in  which  case  the  hepatic  duct  is 
much  dilated  within  the  liver,  or  in  some  part  of  its  course.  Sometimes  the 
gall-bladder  is  irregular  in  form,  or  is  constricted  across  its  middle,  or,  but 
much  more  rarely,  it  is  partially  divided  in  a  longitudinal  dii-ection.  Dii'ect 
communications  by  means  of  small  ducts  (named  hepato-cystic),  passing  from 
the  liver  to  the  gall-bladder,  exist  regularly  in  various  animals  ;  and  they  are 
sometimes  found,  as  an  unusual  formation,  in  the  human  subject. 

The  right  and  left  divisions  of  the  hepatic  duct  sometimes  continue  separate 
for  some  distance  within,  the  gastro-hepatic  omentum.  Lastly,  the  common  bile- 
duct  not  unfrequently  opens  into  the  duodenum,  apart  from  the  pancreatic  duct. 


SITRXJCTURE    OF    THE    LIVER. 

The  liver  has  two  coverings,  viz.,  a  serous  or  peritoneal,  already 
sufficiently  referred  to,  and  a  proper  areolar  coat. 

The  areolar  ox  fibrous  coat  invests  the  whole  gland.  Opposite  to  the 
parts  covered  by  the  serous  coat,  it  is  thin  and  difficult  to  demonstrate  ; 
but  where  the  peritoneal  coat  is  absent,  as  at  the  posterior  border  of  the 
liver,  and  in  the  portal  fissure,  it  is  denser  and  more  evident.  Its  inner 
surface  is  attached  to  the  hepatic  glandular  substance,  being  there  con- 
tinuous with  the  delicate  areolar  tissue  which  lies  between  the  small 
lobules  of  the  gland.  At  the  transverse  fissure  it  becomes  continuous 
with  the  cajjside  of  GUsso)i,  by  which  name,  as  already  noticed,  is 
designated  a  sheath  of  areolar  tissue  which  surrounds  the  branches  of 
the  portal  vein,  hepatic  artery,  and  hepatic  duct,  as  they  ramify  in  the 
substance  of  the  liver,  and  which  becomes  more  delicate  as  the  vascular 
branches  become  smaller. 

Hepatic  lolanles. — The  proper  substance  of  the  liver,  which  has  a 
mottled  aspect  when  closely  observed,  is  compact,  but  not  very  firm. 
It  is  easily  cut  or  lacerated,  and  is  not  unfrequently  ruptured  during  life 
from  accidents  in  which  other  parts  of  the  body  have  escaped  injury. 
When  the  substance  of  the  liver  is  torn,  the  broken  surface  is  not 
smooth  but  coarsely  granular,  the  liver  being  composed  of  a  multitude 
of  small  lolbules  (figs.  274  and  275),  which  vary  from  half  a  line  to  a 
line  in  diameter  (1 — 2  millimetres). 

These  lobules  are  closely  packed  polyhedral  masses,  and  in  some 
animals,  as  in  the  pig,  are  completely  isolated  one  from  another  by 
areolar  tissue  continuous  with  the  fibrous  coat  of  the  liver  and  with  the 
capsule  of  Glisson ;  but  in  the  human  subject,  and  in  most  animals, 
although  very  distinguishable,  they  are  not  completely  insulated,  being 
confluent  in  a  part  of  their  extent.  Notwithstanding  this  the  lobules 
of  the  human  liver  are  sufficiently  marked  out  by  interlobular  fissures, 
although  these  are  incomplete. 
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The  lobules  of  the  liver  have,  throughout  its  substance,  in  general 
the  polyhedral  form  of  irregularly  compressed  spheroids  ;  but  on  the 
surface  they  are  flattened  and  angular.      They  are  all  compactly  ar- 


Fig.  274. 


Fig.  274. — Section   of    a    Portion   of   Liver   passing  Longitudinally  through  a 
CONSIDERABLE  Hepatic  Vein,  froji  THE  PiG  (after  Kiernan).     About  5  Diameters. 

H,  hepatic  venous  trunk,  against  vsrhich  tlie  sides  of  tlie  lobules  are  applied  ;  h,  h,  h, 
thtee  sublobular  hepatic  veins,  on  which  the  bases  of  the  lobules  rest,  and  through  the 
coats  of  which  they  are  seen  as  polygonal  figures  ;  i,  mouth  of  the  intralobular  veins, 
opening  into  the  sublobular  veins  ;  i!,  intralobular  veins  shown  passing  np  the  centre 
of  some  divided  lobules  ;  c,  c,  walls  of  the  hepatic  venon.s  canal,  with  the  polygonal 
bases  of  the  lobules. 


ranged  round  the  sides  of  branches  of  the  hepatic  veins  (fig.  274),  each 
lobule  resting  by  a  smooth  surface  or  hase,  upon  the  vein,  and  being 
connected  with  it  by  a  small  venous  trunklet,  vs^hich  begins  in  the 
centre  of  the  lobule,  and  passes  out  from  the  middle  of  its  base  to  end 
in  the  larger  subjacent  vessel.  The  small  veins  proceeding  from  the 
centre  of  the  lobules  are  named  the  mfralobular  or  central  veins  (/),  and 
those  on  which  the  lobules  rest,  the  suMoluIar  veins  (A).  If  one  of  these 
sublobular  veins  be  opened  (as  in  the  figure),  the  bases  of  the  lobules 
may  be  seen  through  the  coats  of  the  vein,  which  are  here  very  thin, 
presenting  a  tesselated  appearance,  each  little  polygonal  space  repre- 
senting the  base  of  a  lobule,  and  having  in  its  centre  a  small  spot, 
which  is  the  mouth  of  the  intralobular  vein  {i). 

Each  lobule  consists  of  a  mass  of  cells  penetrated  from  the  circum- 
ference to  the  centre  by  a  close  network  of  blood  capillaries,  as  well 
as  by  the  minute  capillary  commencements  of  the  bile-ducts,  with  the 
intervention  of  little  other  tissue.  For  the  sake  of  clearness,  the 
disposition  of  the  vessels  of  the  liver  may  be  considered  first. 
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Bloocl-vessels. — The  he]oaUc  veins  commence  in  the  centre  of  each 
lobule  by  the  convergence  of  its  capillaries  into  a  single  independent 


Fig.  275. 


il  a 


Fig.  275. — Longitudinal  Section  of  a 
Portal  Canal,  containing  a  Portal 
Vein,  Hepatic  Artery,  and  Hepatic 
Duct,  from  the  Pig  (after  Kier- 
nan).    About  5  diameters. 

p,  branch  of  vena  poi-tse,  situated  in 
a  i^ortal  canal,  formed  amongst  the  he- 
patic lobules  of  the  liver  ;  p,  p,  larger 
branches  of  portal  vein,  giving  off 
smaller  ones  [i,  i),  named  interlobular 
veins  ;  there  are  also  seen  within  the 
large  portal  vein  numerous  orifices  of 
interlobular  veins  arising  directly  from 
it ;  a,  hepatic  artery  ;  d,  biliary  duct  ; 
at  c,  c,  the  venous  v/all  has  been  par- 
tially removed. 


intralobular  rein  (figs,  276,  h ; 
277,  2  ;  and  278,  1),  as  already 
stated.  These  minute  intralobu- 
lar veins  open  at  once  into  the 
sides  of  the  adjacent  sublobular 
d  a  yeins  (fig.  277,   1),  which  are  of 

various  sizes,  and  join  together.  Uniting  into  larger  and  larger 
vessels,  they  end  at  length  in  hepatic  venous  trunks,  which  receive  no 
•  intralobular  veins.  Lastly,  these  venous  trunks,  converging  towards  the 
posterior  border  of  the  liver,  and  receiving  in  their  course  other  sub 
lobular  veins,  terminate  in  the  vena  cava  inferior,  as  already  described. 
In  this  course  the  hepatic  veins  and  their  successive  ramifications  are 
unaccompanied  by  any  other  vessel.  Their  coats  are  thin  ;  the  sub- 
lobular branches  adhere  immediately  to  the  lobules,  and  even  the 
larger  trunks  have  but  a  very  slight  areolar  investment  connecting 
them  to  the  substance  of  the  liver.  Hence  the  divided  ends  of  these 
veins  are  seen  upon  a  section  of  the  liver  as  simple  open  orifices,  the 
thin  wall  of  the  vein  being  surrounded  closely  by  the  solid  substance  of 
the  gland. 

The  fortal  vein  and  hepatic  artery,  which,  accompanied  by  the  emerg- 
ing liiliary  cluds,  enter  the  liver  at  the  transverse  fissure,  have  a  totally 
different  course,  arrangement,  and  distribution,  from  the  hepatic  vein. 
Within  the  liver  the  branches  of  these  three  vessels  lie  together  in 
certain  canals,  called  portat  canals,  which  are  tubular  passages  formed 
in  the  substance  of  the  gland,  commencing  at  the  transverse  fissure, 
and  branching  upwards  and  outwards  from  that  part  in  all  directions. 
Each  portal  canal  (even  the  smallest)  contains  one  principal  branch  of 
the  vena  portse,  of  the  hepatic  artery,  and  of  the  biliary  duct  (fig.  275)  ; 
the  whole  being  invested  within  the  larger  portal  canals  by  the  capsule 
of  Glisson. 

The  2^ortaI  vein  subdivides  into  branches  which  ramify  between  the 
lobules,  anastomosing  freely  around  them,  and  are  named  interlobular 
or  2^erip]ieric  veins.  From  these,  still  finer  vessels  pass  into  the  lobules 
at  their  circumference  (fig.  278,  3),  and  end  in  the  capillary  network 
from  which  the   intralobular  or  central  (hepatic)  veins  take  origin. 
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Within  the  portal  canals  the  branches  of  the  portal  veins  receive  small 
"  vaginal  veins,"  and  also  the  "  capsular  veins,"  from  the  fibrous  coat 
of  the  liver,   both  returning  blood  which  has  been  distributed  by 


Fig.  276. — Capillary  Network  of  the  Lobules  of  the  Eabbit's  Liver  (from 
KoUiker).     About  40  Diameters. 

The  figure  is  taken  from  a  very  successful  injection,  of  the  hepatic  veins  made  by 
Harting  ;  it  shows  nearly  the  whole  of  two  lobules,  and  parts  of  three  others  :  p,  portal 
branches  running  in  the  interlobular  spaces  ;  h,  hex^atic  veins  penetrating  and  radiating 
from  the  centre  of  the  lobules. 


Fig.  277. 


■^■^^'^P% 


Fig.  277. — Injected  Twig  of  a  Hepatic  Vein  with  Rublobular  Veins  passing  into 
THE  Hepatic  Lobules  (from  Sappey).     About  30  Diameters. 

1,  small  sublobular  hepatic  vein ;  2,  intralobular  veins  passing  into  the  base  of  the 
lobules  ;  3,  their  smaller  subdivisions  ;  4,  capillary  network  of  communication  with  the 
extreme  ramifications  of  the  vena  portse. 
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corresponding  branches   of   the    hepatic    arterj  to    he  immediately 
described. 
The  hepatic  artery  terminates  in  three  sets  of  branches,  termed  vaginal, 

Fis.  278. 


Fig.  278. — Cross  Section  of  a  Lobttle  of  the  Human  Liver,  in  -which  the  Capillary 
Network  between  the  Portal  and  Hepatic  Veins  has  been  fully  injected 
(from  Sappey).     60  Diameters. 

1,  section  of  tlie  intralobular  or  central  vein ;  2,  its  smaller  branclies  collecting  blood 
from  the  capillary  network  ;  3,  interlobular  or  peripheric  branches  of  the  vena  portas 
with  their  smaller  ramifications  passing  inwards  towards  the  capillary  network  in  the 
substance  of  the  lobule. 


capsular,  and  interlobular.  The  vaginal  branches  ramify  "within  the  portal 
canals,  supplying  the  walls  of  the  ducts  and  vessels,  and  Glisson's  capsule. 
The  capsular  branches  appear  on  the  surface  of  the  liver  spread  out  on 
the  fibrous  coat,  accompanied  by  their  veins.  The  interlotular  branches 
accompany  the  interlobular  veins,  but  are  much  smaller  :  they  transmit 
blood  directly  to  a  part  of  the  capillary  network  of  the  lobules  inter- 
mediate between  the  portal  and  hepatic  veins. 

The  capillary  networh  of  the  lobules  is  very  close,  so  that  commonly 
the  interval  between  two  vessels  is  not  greater  than  the  diameter  of 
one  or  two  liver  cells  Tfig.  279,  280).  Moreover  the  vessels  composing 
it  are  comparatively  large  (2^00^^  of  an  inch),  and  in  specimens  in 
which  it  has  been  filled  with  transparent  injection,  can  be  seen,  not 
only  to  pass  in  a  radiating  manner,  as  before  described,  between 
the  intra-  and  interlobular  veins,  but  also  in  the  human  subject  to  be 
continued  from  one  lobule  to  another. 

The  distribution  of  the  poi-tal  and  hepatic  veins  within  the  lobules,  as  just 
described,  has  suggested  an  explanation  of  the  mottled  aspect  of  the  liver,  an 
appearance  Avhich  formerly  led  to  the  erroneous  idea  of  there  being  two  sub- 
stances in  each  lobule,  one  darker  than  the  other.  The  colour  of  the  hepatic 
substance  itself  is  pale  yellow,  and  would  be  unifoiin  throughout,  were  it  not 
varied  according  to  the  quantity  of  blood  contained  in  its  diiferent  vessels.  Thus, 
if  the  system  of  hepatic  veins  be  congested,  the  centre  of  each  lobule  is  dark, 
and  its  margin  pale ;  this  is  the  common  case  after  death,  and  was  named  by 
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Kieman  pamve  cong-estion.  In  what  is  considered  an  active  state  of  hepatic 
congestion,  the  dark  colour  extends  to  the  portal  system,  across  the  interlobular 
fissures,  leaving  intermediate  spaces,  which  remain  as  in-egular  pale  spots  :  this 
state  occurs  especially  in  diseases  of  the  heart.  "When,  on  the  other  hand,  the 
portal  system  is  congested,  which  is  rare,  and  occurs  chiefly  in  children,  the 
margins  of  the  lobules  are  dark,  and  their  centres  pale. 

The  Hepatic  Cells. — The  interstices  between  the  blood-vessels  are, 
as  before  said,  almost  entirely  filled  by  the  hepatic  cells.  These 
are  of  a  compressed  spheroidal  or  polyhedral  form,  having  a  mean  dia- 
meter of  from  ToVoth  to  gio^li  of  ^^  iiich.  They  possess  no  cell 
membrane.  Their  sub- 
stance appears  granular 
and  of  a  faint  yellowish 
tinge,  and  they  contain 
each  a  clear  round  nucleus, 
within  which  again  are  one 
or  two  nucleoli.  Not  unfre- 
quently  two  nuclei  are  to 
be  found  in  a  cell ;  and,  on 
the  other  hand,  it  is  stated 
that  some  of  the  cells  may 
be  altogether  devoid  of 
nuclei.  In  many  cases  the 
cells  have  larger  and 
smaller  fat-globules  in 
their  interior,  which  may 
conceal  the  nucleus,  and 
the  amyloid  matter  pro- 
duced by  the  liver  has  also 
been  recognised  in  the 
cells.  When  isolated  in  an 
indifferent  fluid  they  are 
said  to  exhibit  slow  changes 
of  form.  Moreover,  my- 
osin has  been  detected  in 
them.  The  liver-cells  are 
packed  between  and  around 
the  vessels,  and  in  sections 

made  at  right  angles  to  the  intralobular  veins,  appear  as  if  radiating 
from  the  centre  of  the  lobules  towards  their  circumference.  They 
form  a  continuous  network,  or  sponge  work  (fig.  279),  the  more  obvious 
openings  in  which  are  the  spaces  occupied  by  the  blood-capillaries. 
The  walls  of  the  latter  are  not,  as  at  first  sight  they  appear  to  be,  im- 
mediately in  contact  with  the  liver  cells,  but  are  separated  from  them  by 
a  delicate  membrane  composed  of  flattened  cells ;  the  space  between 
this  membrane  and  the  capillary  wall  serves  for  the  passage  of  lymph 
(MacGiUavry). 

The  hepatic  cells  may  be  washed  away  fi-om  thin  sections,  and  then  the  network 
of  blood-capillaries  is  brought  more  clearly  into  view  ;  and  likewise,  according  to 
Henle,  narrow  bands,  which  he  regards  as  formed  of  connective  tissue,  are  to  be 
seen  crossing  the  intervals  :  some  have  regarded  them  as  the  network  of  the 
minute  bile  passages  to  be  immediately  described. 

Commencement  of  the  Ducts. — The  larger  bile-ducts  accompany, 


Fig.  279. — A  Small  Portion  of  a  Lobule  of  the 
Human  Liver  highly  magnified,  showing  the 
Hepatic  Cells  in  connection  and  the  Capil- 
lary Spaces  between  them  (from  KoUiker).  450 
Diameters. 
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as  before  said,  the  branches  of  the  portal  vein,  and  ramify  in  the  outer 
part  of  each  lobule.  When  a  thin  section  of  the  hardened  tissue  is 
examined  under  a  high  power  of  the  microscope,  minute  apertures  may 
occasionally  be  observed  between  the  sides  of  adjacent  liver  cells  (fig. 
280).    These  are  the  sections  of  fine  intercellular  passages  which  form 
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Fig.    280.- 


-Section   of  Liver  (Child)   hardened   in   Chromic   Acid. 
MAGNIFIED  (Heiing). 


Highly 


The  liver  cells  have  shrunk  somewhat  from  the  walls  of  the  capillaries,  which  are 
filled  with  red  corpuscles.  Half-a-dozen  pale  corpuscles  are  also  seen  within  the 
vessels.     The  minute  apertures  between  two  cells  are  the  fine  bile  passages. 

Fig.  281. — Section  of  Rabbit's  Liver  with  the  Intercellular  Network  of 
Biliary  Capillaries  injected.     Highly  Magnified  (Hering). 

Two  or  three  layers  of  cells  are  represented  ;  h,  h,  blood  capillaries. 


a  close  network  (fig.  281)  between  and  around  the  individual  cells, 
much  finer  and  closer  than  the  blood-capillary  network,  from  the 
branches  of  which  they  run  apart.  These  passages,  which  have  been 
called  Mliary  capillaries,  may  be  looked  upon  as  the  commencements 
of  the  biliary  ducts,  for  towards  the  circumference  of  the  lobule 
they  open  into  the  ducts,  and,  indeed,  may  with  care  be  injected  from 
the  trunk  of  the  bile  duct,  at  least  in  the  outer  parts  of  the  lobule, 
as  first  shown  by  Budge,  Andrejewic  and  MacGillavry. 

To  demonstrate  the  intercellular  network  throughout  the  whole  extent  of  the 
lobules,  Chrzonszczewsky's  method  of  natural  injection  must  be  employed. 
He  introduced  a  saturated  watery  solution  of  pure  suliDh-indigotate  of  soda,  in 
repeated  doses,  into  the  circulation  of  dogs  and  sucking-pigs,  by  the  jugular 
vein :  and  in  an  hour  and  a  half  afterwards  the  animals  were  killed  and  the 
blood-vessels  either  washed  out  with  chloride  of  potassium  introduced  by  the 
portal  vein,  or  were  injected  with  gelatine  and  carmine.  In  specimens  prepared  in 
this  way  the  fine  network  of  gaU-ducts  throughout  each  lobule  is  filled  \^ith 
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blue,  while  the  intervening  cells  remain  free  from  coloiu*.  By  killing-  the  animals 
sooner  after  the  injection,  the  blue  coloui-iiig-  matter  was  found  -ndthua  the  hepatic 
cells,  thus  demonstrating  that  it  was  through  theii-  agency  that  the  canals  were 
filled.  Further  experiments  were  made  in  animals  in  which  the  portal  vein  and 
hepatic  artery  respectively  had  been  tied,  and  the  result  obtained  was  that,  when 
the  hepatic  artery  had  been  tied,  the  peripheral  pai-ts  of  the  lobules  showed  the 
blue  canals,  while  the  centre  of  each  was  left  colourless  ;  and  that,  when  the 
portal  vein  had  been  tied,  the  reverse  effect  was  produced — the  centre  of  each 
lobule  showing  blue  canals,  while  in  the  intervening  spaces  only  the  larger 
ducts  were  seen,  showing  that,  as  pre\'iously  stated,  the  capillary  network  of  the 
lobules  is  in  part  supplied  dhectly  by  the  hepatic  artery. 

It  is  still  a  matter  of  doubt  whether  the  intercellular  passages  abore 
described  possess  proper  walls  distinct  from  tlie  cells,  or  whether  they 
are  to  be  regarded  as  mere  channels  formed  by  the  apposition  of  corre- 
sponding grooves  on  the  sides  of  the  cells,  but  the  balance  of  evidence 
appears  to  be  in  favour  of  the  former  supposition.  It  is  worthy  of 
remark  that  the  biliary  capillaries  are  almost  always  found  on  the 
flattened  surfaces,  seldom  or  never  running  along  the  corners  of  the  cells. 

Xiymphatics  of  the  Liver. — Lymphatics  are  seen  on  the  prolonga- 
tions of  Glisson's  caj)sule  between  the  lobules  (interlobular),  where 
they  accompany  the  blood-vessels,  and  in  some  cases  surround  and 
enclose  them.  They  originate  from  the  spaces  around  the  capillaries 
of  the  lobules  (p.  391).  In  the  pig's  liver  lymphoid  follicles 
have  been  noticed  by  Kisselew  and  Chrzonszczewsky,  in  connection 
with  the  interlobular  lymphatics.  These  deep  lymphatics  unite  into 
larger  vessels  which  run  along  the  portal  canals  and  emerge  at  the 
portal  fissure.  They  are  in  communication  with  a  close  subperitoneal 
plexus  on  the  under  surface  of  the  organ.  The  corresponding  plexus 
on  the  upper  surface  communicates,  through  the  ligaments  of  the 
liver,  with  the  thoracic  lymphatics. 

Structure  of  the  Ducts. — The  larger  bile-ducts  have  strong  dis- 
tensible areolar  coats,  containing  abundant  elastic  tissue,  and  the 
largest,  a  certain  amount  of  plain  muscular  tissue.  They  are  lined 
with  columnar  epithelium.  The  minute  ramifications  between  the 
lobules  have  walls  composed  simply  of  a  basement  membrane,  with  a 
lining  of  columnar  epithelium.  As  they  pass  into  the  lobules,  however, 
this  columnar  epithelium  becomes  shorter  and  broader,  and  approaches 
more  and  more  in  character  to  the  hepatic  cells,  at  the  same  time  filling 
up  the  tube  so  that  only  a  very  small  passage  is  left.  The  basement 
membrane  is  no  longer  comjalete,  and  the  intercellular  bile  passages 
open  freely  into  the  minute  ducts.  In  the  portal  canals,  where  they 
are  somewhat  larger,  the  ducts  present  numerous  openings  on  the 
inner  surface,  which  are  scattered  irregularly  in  the  larger  ducts,  but 
in  the  subdivisions  are  arranged  in  two  longitudinal  rows,  one  at  each 
side  of  the  vessel.  These  openings  were  formerly  supposed  to  be  the 
orifices  of  mucous  glands  ;  but  while  the  main  ducts  are  studded  with 
true  mucous  glands  of  lobulated  form  and  with  minute  orifices,  the 
openings  now  referred  to  belong  to  saccular  and  tubular  recesses, 
which  are  often  branched  and  anastomosing,  and  may  be  beset  all  over 
with  C93cal  projections  (Theile).  Sappey  and  Henle,  who  have  made 
these  recesses  the  subject  of  special  investigation,  find  that  they  are  so 
numerous  as  sometimes  to  conceal  the  parent  tube,  and  on  this  Henle 
was  led  to  base  a  suggestion  (System.  Anat.)  that  they  and  not  the  liver 
cells  are  engaged  in  the  secretion  of  bile. 
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In  the  duplicature  of  peritoneum  forming  the  left  lateral  ligament  of 
the  liver,  and  also  in  the  two  fibrous  bands  which  sometimes  bridge 
over  the  fossa  for  the  vena  cava  and  the  fissure  of  the  umbilical  vein, 
there  have  been  found  biliary  ducts  of  considerable  size  which  are  not 
surrounded  with  lobules.  These  aberrant  duds  as  they  are  called, 
were  described  by  Ferrein  and  afterwards  by  Kiernan  ;  they  anastomose 
together  in  form  of  a  network,  and  are  accompanied  by  branches  of  the 
vena  portas,  hepatic  artery,  and  hepatic  vein. 

Structure  of  the  Gall-bladder. — Besides  the  peritoneal  investment 
and  the  mucous  lining,  the  gall-bladder  possesses  an  intermediate  mus- 
cular and  connective  tissue  coat,  of  considerable  strength.  This  con- 
sists mainly  of  bands  of  dense  shining  white  fibres,  which  interlace  in 
all  directions.  Intermingled  with  these  are  plain  muscular  fibres,  which 
have  principally  a  longitudinal  direction,  but  some  run  transversely. 
Tliis  coat  forms  the  framework  of  the  organ,  and  supports  the  larger 
blood-vessels  and  lymphatics.  The  nerves  form  a  gangliated  plexus  in 
it  ;  partly  also  immediately  beneath  the  serous  coat  (L.  Gerlach). 

The  mucous  memhrme,  which  is  generally  strongly  tinged  with  bile, 
is  elevated  upon  its  inner  surface  into  very  numerous  small  ridges, 
which,  uniting  together  into  meshes,  leave  between  them  depressions 
of  different  sizes  and  of  various  polygonal  forms.  This  gives  the 
interior  of  the  gall-bladder  an  alveolar  aspect,  which  is  similar  to  what 
is  seen  on  a  smaller  scale  in  the  vesiculse  seminales.  These  alveolar 
intervals  become  smaller  towards  the  fundus  and  neck  of  the  gall- 
bladder ;  and  at  the  bottom  of  the  larger  ones,  other  minute  depres- 
sions, which  may  be  seen  with  a  simple  lens,  lead  into  numerous 
mucous  recesses.  The  whole  of  the  mucous  membrane  is  covered  by 
columnar  epithelium,  and  it  secretes  an  abundance  of  viscid  mucus. 

At  the  places  where  the  neck  of  the  gall-bladder  curves  on  itself  there 
are  strong  folds  of  its  mucous  and  areolar  coats  projecting  into  the 
interior. 

In  the  cystic  duct,  the  mucous  membrane  is  elevated  internally  in  a 
similar  manner  into  a  series  of  crescentic  folds,  which  are  arranged  in 
an  oblique  direction,  and  succeed  closely  to  each  other,  so  as  to  present 
very  much  the  appearance  of  a  continuous  spiral  valve.  When  dis- 
tended, the  outer  surface  of  the  duct  appears  to  he  indented  in  the 
situation  of  these  folds,  and  dilated  or  swollen  in  the  intervals,  so  as  to 
present  an  irregularly  sacculated  or  twisted  appearance.  In  the  structure 
of  its  wall,  the  cystic  duct  resembles  the  gall-bladder. 

THE    PA]SrCIlEAS. 

The  pancreas  (fig.  282,  h  t)  is  a  long,  narrow,  flattened  gland  of  a 
reddish  cream  colour,  larger  at  one  end  than  at  the  other,  and  lying 
across  the  posterior  wall  of  the  abdomen,  behind  the  stomach,  and 
opposite  the  first  lumbar  vertebra.  Its  larger  end,  the  liead,  turned 
to  the  right,  is  embraced  by  the  curvature  of  the  duodenum,  whilst  its 
left  or  narrow  extremity,  the  tail,  reaches  to  a  somewhat  higher  level, 
and  is  in  contact  with  the  spleen. 

The  pancreas  varies  considerably,  in  different  cases,  in  its  size  and  weight.  It 
is  usually  from  6  to  8  inches  long,  about  1^  inch,  in  average  breadth,  and 
from  half  an  inch  to  an  inch  in  thickness,  being  thicker  at  its  head  and  along  its 
upper  border  than  elsewhere.    The  weight  of  the  gland,  according  to  Krause  and 
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Clendenning,  is  usually  from  2|-  oz.  to  3|  oz. ;  but  Meckel  has  noted  it  as  high  as 
6  oz.,  and  Scemmerring  as  low  as  li  oz. 

The  anterior  surface  of  the  pancreas  is  covered  with  the  posterior 
wall  of  the  sac  of  the  omentum,  and  is  concealed  by  the  stomach,  which 
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Fig.  282. — View  of  the  Pancreas  and  suKRorNDiNs  Organs.    l-5tli. 

In  this  figure,  which  is  altered  from  Tiedemann,  the  liver  and  stomach  are  turned 
upwards  to  show  tbe  duodenum,  the  pancreas,  and  the  spleen  :  I,  the  under  surface  of 
the  liver  ;  [/,  gall-bladder  ;  /,  the  common  bile  duct,  formed  by  the  union  of  the  cystic 
duct  from  the  gall-bladder,  and  the  hepatic  duct  coming  from  the  liver  ;  o,  the  cardiac 
end  of  the  stomach,  where  the  oesophagus  enters  ;  s,  under  surface  of  the  stomach  ;  p, 
pyloric  end  of  the  stomach  ;  d,  duodenum  ;  Ji,  head  of  the  pancreas  ;  t,  tail,  and  i,  body 
of  that  gland  ;  the  substance  of  the  pancreas  is  removed  in  front,  to  show  the  pancreatic 
duct  (e)  and  its  branches ;  r,  the  spleen  ;  v,  the  hilus,  at  which  the  blood-vessels  enter ; 
c,  c,  crura  of  the  diaphragm  ;  n,  superior  mesenteric  artery  ;  a,  aorta. 

glides  upon  it.  The  posterior  surface  is  attached  by  areolar  tissue  to 
the  vena  cava,  the  aorta,  the  superior  mesenteric  artery  and  vein,  the 
commencement  of  the  vena  portse,  and  the  pillars  of  the  diaphragm  (e,  c), 
all  of  which  parts,  besides  many  lymphatic  vessels  and  glands,  are  inter- 
posed between  it  and  the  upper  lumbar  vertebra  :  to  the  left  of  the 
vertebral  column  it  is  attached  similarly  to  the  left  suprarenal  capsule 
and  kidney  and  to  the  renal  vessels.  Of  the  large  vessels  situated 
behind  the  pancreas,  the  superior  mesenteric  artery  (??)  and  vein  are 
embraced  by  the  substance  of  the  gland,  the  lower  extremity  of  the  head 
curving  somewhat  behind  them,*  so  as  sometimes  to  enclose  these  vessels 
in  a  complete  canal,  through  which  they  pass  downwards  and  forwards, 
and  then  emerge  from  beneath  the  lower  border  of  the  pancreas,  between 
it  and  the  termination  of  the  duodenum.  The  coeliac  axis  is  above  the 
pancreas  ;  and  in  a  groove  along  the  upper  border  of  the  gland  are 
placed  the  splenic  artery  and  vein,  the  vein  pursuing  a  straight,  and 
the  artery  a  tortuous  course,  and  both  supplying  numerous  branches  to 
the  pancreas,  the  narrow  extremity  of  which  is  thus  attached  to  the 
inner  surface  of  the  spleen  (r).     The  head  of  the  pancreas,  embraced  by 

*  This  part  of  the  gland  is  sometimes  marked  off  from  the  rest,  and  is  then  named  the 
lesser  pancreas. 
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the  inner  curved  border  of  the  duodenum,  is  attached  more  particularly 
to  the  descending  and  transverse  portion  of  that  intestine,  encroach- 
ing slightly  on  both  the  anterior  and  posterior  surface.  The  ductus 
communis  choledochus  passes  down  behind  the  head  of  the  pancreas, 
and  is  generally  received  into  a  groove  or  canal  in  its  substance. 

Structure. — The  pancreas  belongs  to  the  class  of  compound  race- 
mose glands.  In  its  general  characters,  and  also  in  its  intimate  structure 
it  closely  resembles  the  salivary  glands,  to  the  description  of  the  minute 
structure  of  which  the  reader  is  referred  (p.  339).  It  is  somewhat 
looser  and  softer  in  its  texture  than  those  organs,  the  lobes  and  lobules 
being  less  compactly  arranged. 

The  alveolar  cells  differ  from  those  of  the  submaxillary  gland  in  not  containing 
mucus,  resembling  in  this  respect  the  cells  of  the  parotid  :  moreover,  the 
columnar  cells  of  the  ducts  appear  to  be  devoid  of  the  striated  base  seen  in 
those  of  the  submaxillaiy,  and  the  ducts  themselves  have  an  u-regular,  angular 
shape  :  but  in  all  essential  points  of  structure,  and  in  the  distribution  of  the 
vessels  and  nerves,  the  two  glands,  as  far  as  is  known,  entirely  agree. 

The  principal  excretory  duct  (fig.  282,  e),  called  the  pancreatic  duct 
or  canal  of  Wirsiing  (by  whom  it  was  discovered  in  the  human  subject 
in  1642),  runs  through  the  entire  length  of  the  gland,  from  left  to 
right,  buried  completely  in  its  substance,  and  placed  rather  nearer  its 
lower  than  its  upper  border.  Commencing  by  the  union  of  the  small 
ducts  derived  from  the  groups  of  lobules  composing  the  tail  of  the 
pancreas,  and  receiving  in  succession  at  various  angles,  and  from  all 
sides,  the  ducts  from  the  body  of  the  gland,  the  canal  of  Wirsung  in- 
creases in  size  as  it  advances  towards  the  head  of  the  pancreas,  where, 
amongst  other  large  branches,  it  is  usually  joined  by  one  derived  from 
that  portion  of  the  gland  called  the  lesser  pancreas.  Curving  slightly 
downwards,  the  pancreatic  duct  then  comes  into  contact  with  the  left 
side  of  the  ductus  communis  choledochus,  which  it  accompanies  to  the 
back  part  of  the  descending  portion  of  the  duodenum.  Here  the  two 
ducts,  placed  side  by  side,  pass  very  obliquely  through  the  muscular  and 
areolar  coats  of  the  intestine,  and  terminate,  as  already  described, 
on  its  internal  mucous  surface,  by  a  common  orifice,  situated  at 
the  junction  of  the  descending  and  horizontal  portions  of  the  duo- 
denum, between  three  and  four  inches  below  the  pylorus.  The  pan- 
creatic duct,  with  its  branches,  is  readily  distinguished  from  the  glandu- 
lar substance,  by  the  veiy  white  appearance  of  its  thin  fibrous  walls. 
Its  widest  part,  near  the  duodenum,  is  from  1  line  to  1|  line  in  diameter, 
or  nearly  the  size  of  an  ordinary  quill ;  but  it  may  be  easily  distended 
beyond  that  size.  It  is  lined  by  a  remarkably  thin  and  smooth  mucous 
membrane,  Avhich  near  the  termination  of  the  duct  occasionally  presents 
a  few  scattered  recesses. 

Varieties. — Sometimes  the  duct  is  double  up  to  its  point  of  entrance  into  the 
duodenum  ;  and  a  still  further  deviation  from  the  ordinary  condition  is  not 
unfrequently  observed,  in  which  there  is  a  sujjplcmentary  duct,  derived  from  the 
lesser  pancreas  or  some  part  of  the  head  of  the  gland,  opening  into  the  duodenum 
by  a  distinct  orifice,  at  a  distance  of  an  inch  or  more  from. the  termination  of 
the  principal  duct.  It  sometimes  occurs  that  the  pancreatic  duct  and  the  common 
bile  duct  open  separately  into  the  duodenum. 

Vessels  and  Nerves. — Like  the  salivary  glands,  the  pancreas  receives  its 
blood-vessels  at  numerous  points.  Its  arteries  are  derived  from  the  splenic  and 
from  the  superior  and  inferior  pancreatico-duodenal  branches  of  the  hepatic  and 
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superior  mesenteric.  Its  blood  is  returned  by  the  splenic  and  superior  mesenteric 
veins.  Its  lymphatics  terminate  in  the  lumbar  vessels  and  glands.  The  nerves 
of  the  pancreas  are  derived  from  the  solar  plexus. 

THE    SPLEEIsT. 

The  spleen  (fig.  282,  r)  is  a  soft  highly  vascular  and  easily  distensible 
organ,  of  a  dark  bluish  or  purphsh  grey  colour.  It  is  situated  in  the  left 
hypo-chondriura,  bet^yeen  the  cardiac  end  of  the  stomach,  and  the  dia- 
phragm.    It  is  the  largest  of  the  organs  termed  ductless  glands. 

The  shape  of  the  spleen  is  somewhat  variable  :  it  forms  usually  a 
compressed  oval  mass,  placed  nearly  vertically  in  the  body,  and  having 
two  faces,  one  external,  convex,  and  free,  and  which  is  turned  to  the  left ; 
the  other  internal  and  concave,  which  is  directed  to  the  right,  and  is 
applied  to  the  cardiac  end  or  great  cul-de-sac  of  the  stomach  :  it  also 
presents  an  anterior  sharper  and  a  posterior  blunter  margin. 

The  convex  face  of  the  spleen,  smooth  and  covered  by  the  peritoneum, 
is  in  contact  with  the  under  surface  of  the  left  side  of  the  diaphragm, 
and  corresponds  with  the  ninth,  tenth,  and  eleventh  ribs.  The  internal 
concave  face  is  divided  by  a  vertical  fissure,  named  the  liilus  {v),  into 
an  anterior  and  posterior  portion,  both  covered  with  peritoneum,  con- 
tinued round  the  borders  from  the  convex  surface.  The  anterior  of 
these  two  portions  is  the  larger,  and  is  closely  applied  to  the  stomach  ; 
the  posterior  is  in  apposition  with  the  left  pillar  of  the  diaphragm  and 
left  suprarenal  capsule.  The  anterior  border  of  the  spleen  is  thinner 
than  the  posterior,  and  is  often  slightly  notched,  especially  towards  the 
lower  part  (see  fig.  282).  The  lower  end  is  pointed,  and  is  in  contact 
with  the  left  end  of  the  arch  of  the  colon  (splenic  flexure),  and  rests  on 
the  costo-colic  ligament.  The  position  of  the  hilus  corresponds  with 
tlie  line  of  attachment  of  the  gastro-splenic  omentum,  a  fold  of  perito- 
neum, continuous  with  the  left  border  of  the  great  omentum,  attaching 
the  spleen  to  the  left  extremity  of  the  stomach.  Along  the  bottom  of 
this  fissure  are  large  openings,  which  transmit  blood  vessels,  with 
lymphatics  and  nerves,  to  and  from  the  interior  of  the  organ.  In 
some  cases  there  is  no  distinct  fissure,  but  merely  a  row  of  openings 
for  the  vessels  ;  and  in  others  the  situation  of  the  hilus  is  occupied 
by  a  longitudinal  ridge,  interrupted  by  the  vascular  orifices.  A  por- 
tion of  variable  extent  behind  the  hilus,  and  towards  its  lower  end,  will 
usually  be  observed  deri\^ing  its  peritoneal  covering  fi'om  the  sac  of  the 
omentum,  at  least  in  the  young  subject. 

The  spleen  varies  in  magnitude  more  than  any  other  organ  in  the  body ;  and 
this  not  only  in  different  subjects,  but,  as  may  be  ascertained  by  percussion,  in 
the  same  individual,  under  different  conditions.  On  this  account  it  is  difficult  or 
impossible  to  state  what  are  its  ordinary  weight  and  dimensions  :  in  the  adult  it 
measures  generally  about  .5  or  .5-|  inches  from  the  upper  to  the  lower  end,  3  or  4 
inches  from  the  anterior  to  the  posterior  border,  and  1  or  1^  inch  from  its  external 
to  its  internal  surface  ;  and  its  usual  volume,  according  to  Krause,  is  from  9j 
to  15  cubic  inches.  In  the  greater  number  of  a  series  of  cases  examined  by  Reid, 
its  weight  ranged  from  o  to  7  ozs.  in  the  male,  and  was  somewhat  less  in  the 
female ;  but  even  when  perfectly  free  from  disease,  it  may  fluctuate  between 
4  and  10  ounces.  Gray  states  that  the  proportion  of  the  spleen  to  the  weight  of 
the  adult  body  varies  from  1  :  320  to  1  :  -100.  In  the  foetus  the  i^ropoi-tion  is  as 
1  :  3.50.  After  the  age  of  forty  the  average  weight  gradually  diminishes,  so  that 
in  old  age  the  weight  of  the  spleen  is  to  that  of  the  body  as  1  :  700.  The  specific 
gi'avity  of  this  organ,  accordmg  to  Haller,  Soemmemng,  and  Krause  is  about 
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1-060.  In  intermittent  and  some  other  fevers  the  spleen  is  mtich  enlarged, 
reaching  below  the  ribs,  and  often  weighing  as  much  as  18  or  20  lbs.  In 
enlargement  and  solidification  it  has  been  known  to  weigh  upwards  of  40  lbs  ; 
and  it  has  been  found  reduced  by  atrophy  to  the  weight  of  two  di-achms. 

Small  detached  roundish  nodules  are  occasionally  found  in  the  neighboiu-hood 
of  the  spleen,  similar  to  it  in  substance.  These  are  commonly  named  accessor ij 
or  svpplementary  spleens  (splenculi ;  lienculi).  One  or  two  most  commonly 
occur-,  but  a  greater  number,  and  even  up  to  twenty-three,  have  been  met  "with. 
They  are  small  rounded  masses,  varying  from  the  size  of  a  pea  to  that  of  a 
walnut.  They  are  usually  situated  near  the  lower  end  of  the  spleen,  either  in 
the  gastro-splenic  omentum,  or  in  the  great  omentum.  These  separate  splenculi 
in  the  human  subject  bring  to  mind  the  multiple  condition  of  the  spleen  in 
some  animals ;  as  does  also  the  deeper  notching  of  the  antei-ior  margin  of  the 
organ  which  sometimes  occui-s  in  man. 

Ba?KUCTUEE     OF     THE     SPLEEN. 

The  spleen  has  t"^o  membranous  investments — a  serous  coat  derived 
from  the  peritoneum,  and  a  special  albuginous  fibro-elastic  tunic.  The 
substance  of  the  organ,  which  is  very  soft  and  easily  lacerated,  is  of  a 
dark  reddish-brown  colour,  but  acquires  a  bright  red  hue  on  exposure 
to  the  air.  Sometimes,  however,  the  substance  of  the  spleen  is  paler, 
and  has  a  greyish  aspect.  It  also  varies  in  density,  being  occasionally 
rather  solid,  though  friable.  The  substance  of  the  organ  consists  of  a 
reticular  framework  of  whitish  elastic  bands  or  troMculce.,  of  a  large 
proportion  of  blood-vessels,  and  of  a  peculiar  intervening  pulpy  sub- 
stance, besides  nerves  and  lymphatic  vessels. 

The  serous  coat  is  thin,  smooth,  and  firmly  adherent  to  the  elastic 
tunic  beneath.  It  closely  invests  the  surface  of  the  organ,  except  at 
the  places  of  its  reflection  to  the  stomach  and  diaphragm,  and  at  the 
hilus. 

The  tunica  propria  (284,  a),  much  thicker  and  stronger  than  the 
serous  coat,  is  whitish  in  colour  and  highly  elastic.  It  is  continuous 
with  the  trabecular  structure  within.  Along  the  hilus  this  coat  is 
reflected  into  the  interior  of  the  spleen,  in  the  form  of  large  trabecul^e, 
supported  and  enclosed  by  Avhich  run  the  blood-vessels  and  nerves  ;  so 
that  these  are,  as  it  were,  ensheathed  by  prolongations  of  the  fibrous 
coat.  These  sheaths  ramify  with  the  vessels  which  they  include,  as 
far  as  their  finer  subdivisions,  and  are  connected  with  the  numerous 
trabecular  processes  which  pass  into  the  interior  from  the  whole  inner 
surface  of  the  fibrous  coat.  The  arrangement  of  the  sheaths  and 
trabeculse  may  be  easily  displayed  in  the  spleen  of  the  ox  by  pressing 
and  washing  out  the  pulp  from  a  section  ;  and  then  they  are  seen  to 
form  a  close  reticulation  through  the  substance.  Thus,  the  proper  coat, 
the  sheaths  of  the  vessels,  and  the  trabeculge,  all  of  a  highly  elastic 
nature,  constitute  a  distensible  framework,  which  contains  in  its  inter- 
stices or  areolge  the  vessels  and  the  red  pulpy  substance  of  the  spleen. 
These  fibrous  structures  are  composed  of  interlaced  bundles  of  areolar 
tissue  containing  a  large  amount  of  fine  elastic  tissue.  In  addition  to 
these  elements,  in  the  spleen  of  the  pig,  the  dog,  and  the  cat,  and  to  a 
smaller  extent  in  that  of  the  ox  and  sheep,  there  is  found  an  abundant 
admixture  of  plain  muscular  fibre-cells,  resembling  those  of  the  middle 
coat  of  arteries.  A  scanty  admixture  of  similar  fibres  occurs  also 
in  the  trabecular  and  fibrous  coat  of  the  human  spleen  (Meissner, 
W.  Miiller).     The  elasticity  of  the  fibrous  coat  and  trabecule,  together 
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with  whatever  amount  of  muscularity  they  may  possess,  renders  the 
spleen  capable  of  the  great  and  sudden  alterations  in  size  to  which  it  is 
subject. 

The  pulp  of  the  spleen  is  of  a  dark  reddish-brown  colour  :  when 
pressed  out  from  between  the  trabeculse  it  resembles  grumous  blood, 
and,  like  that,  acquires  a  brighter  hue  on  exposure  to  the  air. 

When  a  thin  section  is  examined  under  the  microscope  the  pulp  is  seen 
to  consist  of  a  reticulum  of  branched  connective-tissue. corpuscles,  which 
are  of  various  forms  and  sizes  ;  in  some  parts  little  but  the  intercom- 
municating branches  remaining,  forming  a  fine  retifbrm  tissue,  in  other 
parts  the  cells  being  larger  and  in  closer  connection  (fig.  285,  p). 
These  corpuscles,  which  may  be  termed  the  supporting  cells  of  the  pulp, 
contain  each  a  clear  oval  nucleus,  like  connective  tissue  cells  generally ; 
moreover,  in.  teazed-out  preparations  of  the  fresh  spleen  substance  it  is 
not  uncommon  to  find  within  them  yellowish  pigment  granules  of 
various  sizes,  presumed  to  be  derived  from  blood  corpuscles  ;  indeed, 
every  stage  of  retrogressive  metamorphosis  of  blood  corpuscles  may  be 
noticed  to  occur  within  them.  The  interstices  between  these  sus- 
tentacular  cells  are,  in  sections,  always  found  to  be  occupied  by  blood 
(fig.  285,  U),  the  white  corpuscles  being,  however,  in  rather  larger  pro- 
portion than  in  ordinary  blood,  especially  in  the  neighbourhood  of  the 
Malpighian  corpuscles  to  be  immediately  described. 

Blood-vessels. — The  splenic  artery  and  vein,  alike  remarkable  for 
their  great  proportionate  size,  having  entered  the  spleen  by  six  or  more 
branches,  ramify  in  its  interior,  enclosed  within  the  trabecular  sheaths 
already  described.  The  smaller  branches  of  the  arteries  leave  the  tra- 
beculte,  and,  passing  into  the  proper  substance  of  the  spleen,  terminate 
in  small  tufts  of  capillary  vessels  arranged  in  pencils  (fig.  283). 

The  external  or  connective  tissue  coat  of  these  smaller  arteries 
becomes  transformed  into  lymphoid  tissue,  which  forms  a  comparatively 
thick  sheath  along  each.  This  lymphoid  sheath  becomes  suddenly 
dilated  here  and  there  into  small  spheroidal  bodies,  measuring  on  an 
average  y^  of  an  inch  in  diameter,  but  varying  in  size  from  much  smaller 
than  this  up  to  -o^th  of  an  inch,  and  closely  resembling  the  lymphoid 
follicles  met  with  in  the  intestine  and  elsewhere.  These  lymphoid 
expansions  may  be  seen  on  the  surface  of  a  fresh  section  of  the  organ 
as  light-coloured  spots  scattered  in  the  dark  substance  composing  the 
pulp,  and  have  been  long  noticed  and  described  as  the  Malpighian 
corpuscles  of  the  spleen  (fig.  283  ;  fig.  284,  c  c).  In  some  cases  they  are 
developed  upon  one  side  only  of  the  arterial  wall,  upon  which  they  then 
appear  to  be  sessile ;  whilst  in  other  instances — and  this  is  the  most 
frequent  in  the  human  subject — the  expansion  takes  place  all  round 
the  circumference  of  the  vessel,  by  which  they  appear  to  be  pierced, 
and  which  is  generally  smaller  in  these  cases  and  sends  ofi"  radiating 
branches  which  are  distributed  in  the  Malpighian  corpuscle.  This  latter 
then  appears  attached  by  a  short  peduncle  to  the  vessel  of  which  its 
artery  is  a  branch. 

The  Malpighian  corpuscles  are,  as  just  stated,  localized  expan- 
sions of  the  lymphoid  tissue  of  which  the  external  coat  of  the  smaller 
arteries  of  the  spleen  is  formed.  The  reticulum  of  the  tissue  is  com- 
paratively open,  being  almost  absent  towards  the  centre  of  the  cor- 
puscle :  at  the  confines  it  becomes  closer  ;  there  is,  however,  no 
distinct  boundary  separating  it  from  the  retiform  tissue  of  the  pulp 
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Fi?.  283. 


Fig.  283.  —  Small  Aetekv  feom  Dog's 
Spleen  with  Malpiqhian  Corpuscles  at- 
tached. 10  Diameters  (Kolliker). 


(Busk  and  Huxley).     The  meshes  are  densely  packed  with  lymphoid 
corpuscles,  and  the  tissue  is  traversed  by  blood  capillaries. 

The  small  arteries  terminate 
in  capillaries,  the  walls  of  wliich, 
as  described  by  W.  Miiller,  after 
a  longer  or  shorter  course,  lose 
their  tubular  character,  the  cells 
composing  them  acquiring  pro- 
cesses and  becoming  comiected 
by  these    with    the    comiective 
tissue  cells  of  the  pulp.     In  this 
manner  their  blood  flows  directly 
into  the  interstices  of  the  pulp 
tissue.     The  veins,  which  often 
exhibit     transverse     markings, 
perhaps  due  to  a  corresponding 
arrangement    of    the     retiform 
tissue   on    their    surface,   com- 
mence in  this  tissue  in  the  same 
manner   as  the    capillaries  ter- 
minate ;  that  is  to  say,  the  layer 
of  flattened  cells  which  lines  and 
mainly  composes  their  walls,  on 
being    traced    back,    loses    its 
epithelioid  character,    and    the 
cells,  becoming   thickened   and 
enlarged  and   their  nuclei  pro- 
minent,  are   found  to 
be^separated  from  each 
other,   but    connected 
by  processes  with,  and 
passing  into  those  of 
the  pulp  (fig.  285).  The 
small  veins  take  a  dif- 
ferent course  from  the 
corresponding  arteries, 
for  they  soon  pass  to 
and     are     conducted 
upon   and  within  the 
trabecular,  freely  join- 
ing and  anastomosing, 
whereas    the    arteries 
appear  to  have  few  or 
no  anastomoses  within 
the  substance  of  the 
organ. 

Fig.   284.-VERTICAL  Section  op  a  Small  Superficial  /^'^^  .^^^    description 

Portion  op  the  Human  Spleen  (from  Kolliker).     Low  ^^ove    given,    it    would 

Power.  appear  that  tlie  blood  m 

A,  peritoneal  and  fibrous  covering  ;  h,   trabeculse  ;  c  c,  passing  thi'ough  the  spleen 

Malpighian  corpuscles,   in  one  of  which  an  artery  is  seen  is  broughtmto  immediate 

cut  transversely,  in  the  other  longitudinally  ;  rf,  injected  relation  with  the  elements 

arterial  twigs  ;  e,  spleen-pulp.  of  the  pulp,  and  no  doubt 
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tindergoes  important  changes  in  the  passage  :  in  this  respect  resembling  the 
lymph  as  it  passes  through  the  lymphatic  glands.  Two  modifications  which 
are  probably  effected  in  it  may  be  here  pointed  out.  In  the  first  place  the 
Ijanphoid  tissue  ensheathing  the  arteries,  together  with  that  composing  the 
Malpighian  corpuscles,  would  appear,  like  the  same  tissue  in  the  lymphatic  glands 
and  other  parts,  to  be  the  seat  of  the  production  of  pale  blood  coi-puscles.  At  the 
circumference  of  this  tissue,  these  may  pass  into  the  interstices  of  the  pulp,  and 
so  get  into  the  blood.  It  is  found,  in  fact,  tha,t  the  blood  of  the  splenic  vein  ia 
extremely  rich  in  pale  corpuscles.  In  the  second  place,  red  blood-coiiDUScles 
would  appear  to  be  taken  into  the  interior  of  the  pulp-cells,  theii*  coloiuing  matter 
being  transfonned  into  pigment,  which  is  then  probably  earned  to  the  liver  by 
the  splenic  vein,  to  be  eliminated  with  the  bile  (KoUiker).  Splenic  cells  have, 
in  fact,  been  noticed,  when  examined  on  the  wai-m  stage,  to  take  red  coi'puscles, 
which  were  in  contact  with  them,  into  their  interior. 

Fig.  285. 


Fig.  285. — Thin  Section  of  Spleen-pulp,  highly  magnified,  showing  the  Mode  of 
Origin  op  a  Small  Vein.     Chromic  acid  Pkeparation. 

V,  the  vein,  filled  with  blood-corpuscles,  which  are  in  continuity  with  others,  bl, 
filling  up  the  interstices  of  the  retiform  tissue  of  the  pulp.  At  p  the  blood-corpuscles 
have  been  omitted  from  the  figure,  and  the  branched  cells  are  better  seen  ;  iv,  wall  of  the 
vein.     The  small  shaded  bodies  amongst  the  red  blood-corpuscles  are  pale  corpuscles. 

The  lymphatics  of  the  spleen  are  described  as  foi-ming  two  systems,  a  trabe- 
cular and  a  ijeri-vascular.  The  vessels  belonging  to  the  former  run  in  the 
trabeculse  and  are  in  communication  with  a  superficial  net-work  in  the  capsule. 
The  peri-vascular  take  origin  in  the  interstices  of  the  lymphoid  tissue  which 
ensheaths  the  smaller  arteries,  and  fonns  the  Malpighian  corpuscles  ;  they  do 
not,  therefore,  at  first  foiTQ  distinct  vessels.  When  these  are  seen  they  commonly 
run  in  pairs,  one  on  either  side  of  an  artery,  uniting  over  it  by  frequent 
anastomoses,  and  sometimes  partially  or  wholly  enclosing  it.  At  the  hilus  the 
two  sets  of  lymphatics  joia  and  proceed  along  the  gastrosplenic  omentum  to  the 
neighbouring  lymphatic  glands. 

The  nerves,  derived  from  the  solar  plexus,  surround  and  accompany  tho 
splenic  artery  and  its  branches.  They  have  been  traced  by  Remak  deeply  into 
the  interior  of  the  organ. 

The  following  works  on  the  spleen  may  be  referred  to  : — Gray,  Stnicture  and 
Use  of  the  Spleen,  ISo-t  ;  Busk  and  Huxley  on  the  Malpighian  Bodies,  in  the 
Sydenham  Society's  transla,tion  of  Kolliker's  Histology  ;  also  Huxley,  in  Micro. 
Jour.,  ii..  p.  74: ;  Billroth,  in  Zeitschrift  f.  Wiss.  Zoologie,  xi  ;  W.  Miiller,  Ueber 
d.  fein.  Ban  der  Milz,  1865,  and  in  Strieker's  Handbook  ;  Stieda,  in  Virch. 
Arch.,  xxiv.  ;  Schweigger-Seidel,  Virch.  Arch,  xxvii.  ;  Tomsa,  Wiener  Sitzungsb, 
xlviii.  ;  Kyber,  Arch.  f.  Mikr,  Anat.,  vi, 
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THE  UEINARY  OEGAXS. 

The  urinary  organs  consist  of  the  Icidneys,  the  glands  by  which  the 
urine  is  secreted,  and  the  ureters,  Madder,  and  urethra,  serving  for  its 
reception  and  evacuation.  As  being  locally  connected,  the  suprarenal 
capsules  are  usuall}^  described  along  with  these  organs,  although  they 
have  no  relation,  so  far  as  is  known,  to  the  secretion  of  urine. 


THE     KIDIOJYS. 

The  hidneys,  two  in  number,  are  deeply  seated  in  the  lumbar  region, 
lying  one  on  each  side  of  the  vertebral  column,  at  the  back  part  of  the 
abdominal  cavity,  and  behind  the  peritoneum.  They  are  on  a  level 
with  the  last  dorsal  and  the  two  or  three  upper  lumbar  vertebrae,  the 
right  kidney  being  a  little  lower  than  the  left,  probably  in  consequence 
of  the  vicinity  of  the  large  right  lobe  of  the  liver.  They  are  maintained 
in  this  position  by  their  vessels,  and  by  a  quantity  of  surrounding  loose 
areolar  tissue,  which  usually  contains  much  fat  (tunica  adiposa). 

The  kidneys  measure  about  4  inches  in  length,  2|  inches  in  breadth, 
and  li  inch  or  more  in  thickness.  The  left  is  usually  longer  and 
narrower  than  the  right.  The  weight  of  the  kidney  is  usually  stated 
to  be  about  4  J  oz.  in  the  male,  and  somewhat  less  in  the  female. 

According  to  Clendiniiing,  the  two  kidneys  of  tlie  male  weigh  on  an  average 
9g  oz.,  and  those  of  the  female  9  oz.  Tlie  estimate  of  Rayer  is  4-J-  oz.  for  each 
organ  in  the  male,  and  3|-  oz.  in  the  other  sex.  Reid's  observations  (made  on 
sixty-five  males  and  twenty-eight  females,  between  the  ages  of  twenty-five  and 
fifty-five)  would  indicate  a  higher  average  weight,  viz..  rather  more  than  5^  oz. 
in  the  former,  and  not  quite  5  oz.  in  the  latter. — the  difference  between  the  two 
sexes  being  therefore  upwards  of  half  an  ounce.  The  prevalent  weights  of  the 
kidney,  as  deduced  from  the  tables  of  Reid,  are,  in  the  adult  male  (160  observa- 
tions) from  4|  oz.  to  6  oz.,  and  in  the  adult  female  (74  observations)  from  4  oz.  to 
5^  oz.  The  tables  more  recently  published  by  Peacock  give  still  higher  average 
results  as  to  the  weight  of  these  organs.  The  two  kidneys  are  seldom  of  equal 
weight,  the  left  being  almost  always  heavier  than  the  right.  The  difference, 
according  to  Rayer,  is  equal  to  about  one-sixth  of  an  ounce.  The  actual  average 
difference  was  found  by  Reid  in  ninety-three  cases  (male  and  female)  to  be  rather 
more  than  one-fourth  of  an  ounce.  'The  jjrojHU'tlonate  weight  of  the  two  kidneys 
to  the  tody  is  about  1  to  240.  The  sjjeeific  gravity  of  the  renal  substance  is  about 
1-052. 

The  surface  of  the  kidney  is  smooth,  and  of  a  deep  red  colour.  Its 
form  is  peculiar  :  it  is  compressed  from  before  backwards  with  a  convex 
outer,  and  concave  inner  border,  and  somewhat  enlarged  extremities. 

Connections. — The  anterior  surface,  more  convex  than  the  posterior, 
looks  somewhat  outwards,  and  is  partially  covered  at  its  upper  end  by 
the  peritoneum.  The  duodenum  and  ascending  colon,  both  destitute  of 
peritoneum  behind,  are  in  contact  mth  the  anterior  surface  of  the  right 
kidney,  and  the  descending  colon  with  that  of  the  left.  The  front  of 
the  right  kidney,  moreover,  touches  the  under  surface  of  the  liver,  and 
that  of  the  left  the  lower  extremity  of  the  spleen.  The  2Josterior  surface, 
imbedded  in  areolar  tissue,  rests  firstly  upon  the  corresponding  pillar 
of  the  diaphragm,  in  front  of  the  eleventh  and  twelfth  ribs  :  secondly, 
on  the  anterior  layer  of  lumbar  fascia,  covering  the  quadratus  lumborum 
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muscle  ;  and,  lastly,  on  the  psoas  muscle.  The  external  loreler,  convex 
in  its  general  outline,  is  directed  somewhat  backwards  towards  the  wall 
of  the  abdomen.  The  internal  lorder,  concave  and  deeply  excavated 
towards  the  middle,  is  directed  a  little  downwards  and  forwards.  It 
presents  a  longitudinal  fissure  bounded  b}^  an  anterior  and  posterior 
lip,  and  named  the  lulus  of  the  hidncy,  at  which  the  vessels,  the  excre- 
tory duct,  and  the  nerves  enter  or  pass  out.  In  this  hilus,  the  renal 
vein  lies  m  front,  the  artery  and  its  branches  next,  and  the  expanded 
excretory  duct  or  ureter  behind  and  towards  the  lower  part.  The 
•upper  end  of  the  kidnej^,  which  is  larger  than  the  lower,  is  thick 
and  rounded,  and  supports  the  suprarenal  capsule,  which  descends  a 
little  way  upon  its  anterior  surface.  This  end  of  the  kidney  reaches,  on 
the  left  side,  to  about  the  upper  border  of  the  eleventh  rib,  and  on  the 
right,  half  a  rib's  breadth  lowT.r.  It  is  moreover  directed  slightly  in- 
wards, so  that  the  upper  ends  of  the  two  kidneys  are  nearer  to  each  other 
than  the  lower  ends,  which  are  smaller  and  somewhat  flattened,  diverge 
slightly  from  the  spine,  and  reach  nearly  as  low  as  the  crest  of  the 
ilium.  It  may  here  be  remarked  that,  by  placing  the  larger  end  of  the 
kidney  upwards  and  its  flatter  surface  backwards,  or  by  noticing  the 
relation  of  the  parts  in  the  hilus,  the  side  of  the  body  to  which  the 
organ  belongs  may  be  determined. 

Varieties. — The  kidneys  present  varieties  in  form,  position,  absolute  and  rela- 
tive size,  and  number.  Thus,  they  are  sometimes  found  longer  and  narrower, 
and  sometimes  shorter  and  more  rounded  than  usual.  Occasionally  one  kidney 
is  very  small,  whilst  the  other  is  proportionately  enlarged.  The  kidneys  may, 
one  or  both,  be  situated  lower  down  than  usual,  even  in  the  pelvis. 

Instances  are  now  and  then  met  with  m.  which  the  two  kidneys  are  joined  by 
then-  lower  ends  across  the  front  of  the  great  blood-vessels  and  vertebral  column. 
The  conjunct  organ  has  usually  the  fonn  of  a  semicircle,  the  concavity  of  which 
is  directed  upwards — hence  the  appellation  of  the  horse-shoe  kidney.  Sometimes 
two  united  kidneys  are  situated  on  one  or  other  side  of  the  vertebral  column, 
in  the  lumbar  region,  or,  but  much  more  rarely,  in  the  cavity  of  the  pelvis. 
In  other  very  rare  cases  three  glandular  masses  have  been  found,  the  super- 
numerary organ  being  placed  either  in  front  or  on  one  side  of  the  vertebral 
column,  or  in  the  pelvic  cavity. 

Obvious  Structure. — The  kidney  is  surrounded  by  a  proper  fibrous 
coat,  which  forms  a  thin,  smooth,  but  firm  investment,  closely  covering 
the  organ.  It  consists  of  dense  fibro-areolar  tissue,  together  with  nu- 
merous fine  elastic  fibres,  and  can  easily  be  detached  from  the  substance 
of  the  gland,  to  which  it  adheres  by  minute  processes  of  connective 
tissue. and  vessels. 

On  splitting  open  the  kidney  by  a  longitudinal  section,  from  its 
outer  to  its  inner  border,  the  fissure  named  the  hilus  (fig.  286,  A,  h)  is 
found  to  extend  some  distance  into  the  interior  of  the  organ,  forming  a 
cavity  called  the  sinus  of  the  kidney  (s).  This  is  enclosed  on  all  sides 
except  at  the  hilus  by  the  solid  substance  of  the  organ  ;  and  is  lined 
by  an  inward  prolongation  of  the  fibrous  coat.  The  solid  part  consists 
of  a  cortical  and  a  medullary  substance  ;  the  latter  being  arranged 
in  separate  conical  masses  named  "  pyramids  of  Malpighi,"  with  their 
broad  bases  (&,  d)  directed  towards  the  surface,  and  their  points 
towards  the  sinus,  where  they  form  prominent  pcqnlla^.  The  pyramids 
are  imbedded  in  the  cortical  substance,  which  separates  them  from  each 
other,  and  encloses  them  everywhere  except  at  the  papillEe,  which 
emerge  from  it  and  project  into  the  sinus. 
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The  ex  ternal  or  cortical  substance  (a)  is  situated  immediately  within 
the  fibrous  capsule,  and  forms  the  superficial  part  of  the  organ  throu^^h- 

out  its  whole  extent  to  the  depth  of 
about  two  lines,  and  moreover  sends 
prolongations  inwards  {septula  renum, 
or  columncR  Bcrtini)  between  the  py- 
ramids as  far  as  the  sinus  and  bases 
of  the  papillfe.  It  is  of  a  nearly  uni- 
form light  crimson  brown  appearance, 
and  is  soft  and  easily  lacerated  in  di- 
rections vertical  to  the  surface.  The 
medullary  portion  of  the  kidney  is 
more  dense  than  the  cortical,  and  is 
distinctly  striated,  owing  to  its  con- 
sisting of  small  diverging  uriniferous 
tubes,  and  to  its  blood-vessels  being 
arranged  in  a  similar  manner.  There 
are  generally  more  than  twelve  py- 
ramids, but  their  number  is  incon- 
stant, varying  from  eight  to  eighteen. 
Towards  the  papillae  the  pyramids 
are  of  a  lighter  colour  than  the  cor- 
tical substance,  but  at  their  base 
they  are  usually  purplish  and  darker. 
Excretory  Apparatus.  —  On 
squeezing  a  fresh  kidney  which  has 
been  split  open,  a  little  urine  will  be 
seen  to  drain  from  the  papillse  by 
fine  orifices  on  their  surface.  The 
secretion  is  carried  away  and  con- 
veyed into  the  bladder  by  the  ureter. 
This  long  tube  on  being  traced  up 
to  the  kidney  is  seen  to  be  somewhat 
enlarged,  and  then  to  expand,  as  it 
enters  the  fissure,  into  a  large  fimnel- 
shaped  dilatation  named  the  jjelvis. 
This,  within  the  sinus,  divides  usually  into  three,  but  sometimes  only 
two  primary  tubular  divisions,  and  these  at  length  end  in  a  larger 
number  of  short,  truncated  but  comparatively  wide  branches  named 
calices  or  infuncMula,  which  receive  the  papilla  into  their  wide  mouths 
and  are  attached  around  the  bases  of  those  prominences,  from  which, 
of  course,  they  catch  the  issuing  urine. 

A  single  calix  often  surrounds  two,  sometimes  even  three  papillse, 
which  are  in  that  case  united  together  ;  hence,  the  calices  are  in  general 
not  so  numerous  as  the  papillte.  The  spaces  between  the  calices  are 
occupied  by  a  considerable  amount  of  fat,  imbedded  in  which  are  seen 
the  main  branches  of  the  renal  vessels. 

Like  the  rest  of  the  ureter,  the  pelvis  and  greater  part  of  the  calices 
consist  of  three  coats,  viz.,  a  strong  external  fibro-areolar  and  elastic 
tunic,  which  becomes  continuous  around  the  bases  of  the  papillae  with 
that  part  of  the  proper  coat  of  the  kidney  which  is  continued  into  the 
sinus  ;  secondly,  a  thin  internal  mucous  coat,  which,  or  at  least  its 
epithelium,  is  reflected  over  the  summit  of  each  papilla ;  and  thirdly. 


Fig.  286. — Plan  of  a  Longitudinal 
Section  through  the  Pelvis  and 
Substance  of  the  Eight  Kidney. 
One-half  the  natural  size. 

«.,  the  cortical  substance  ;  h,  h,  broad 
part  of  two  of  the  pyramids  of  Mal- 
piglii  ;  c,  c,  the  divisions  of  the  pelvis 
named  calices,  or  infundibula,  laid  open  ; 
c',  one  of  these  unoj)ened  ;  d,  d,  summit 
of  the  pyramids  or  papillae  projecting 
into  calices  ;  e,  c,  section  of  the  narrow 
part  of  two  pyramids  near  the  calices ; 
p,  pelvis  or  enlarged  portion  of  the  ureter 
within  the  kidney  ;  ii,  the  ureter  ;  s, 
the  sinus  ;  h,  the  hilus. 
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between  these  two,  a  double  layer  of  muscular  fibres,  longitudinal  and 
circular.  The  longitudinal  fibres  are  lost  near  the  extremity  of  the  calix, 
but  the  circular  fibres,  according  to  Henle,  form  a  continuous  circular 
muscle  round  the  papilla  where  the  wall  of  the  calls  is  attached  to  it. 

The  pyramidal  masses  found  in  tlie  adult  kidney  indicate  the  original  sepa- 
ration of  this  gland  into  lobules  in  the  earlier  stages  of  its  growth  (fig.  299). 
Each  of  these  primitive  lobules  is  in  fact  a  pyramid  surrounded  by  a  proper  ia- 
vestment  of  cortical  substance,  and  is  analagous  to  one  of  the  lobules  of  the 
divided  kidneys,  seen  in  many  of 

the  lower  animals.     As  the  human  Fig.  287. 

kidney  continues  to  be  developed, 
the  adjacent  siu'faces  of  the  lobules 
coalesce  and  the  gland  becomes  a 
single  mass ;  the  contiguous  parts 
of  the  originally  separate  cortical 
investments,  being  blended  together, 
form  the  partitions  between  the 
layramids  an-eady  described.  More- 
over, upon  the  surface  of  the  kidney 
even  in  the  adult,  after  the  removal 
of  the  fibrous  capsule,  faintly  marked 
furrows  may  be  traced  on  the  corti- 
cal substance,  opposite  the  intervals 
in  the  iateiior  between  the  several 
Malpighian  pyramids  ;  and  not  un- 
frequently  instances  occui-  in  which 
a  deejjer  separation  of  the  original 
lobules  by  grooves  remains  apparent 
in  the  adult  kidney. 

Tubnli  uriniferi. — On  ex- 
amining the  summit  of  one  ,of 
the  papilla  carefully,  especially 
■with  the  aid  of  a  lens,  a  num- 
ber of  small  orifices  may  be  seen 
varying  in  diameter  from  -g-^th 
to  2-0  o^h  of  an  inch.  They  are 
frequently  collected  in  large 
numbers  at  the  bottom  of  a 
slight  depression  or  foveola 
found  near  the  summit  of  the 
papilla,  but  most  commonly  the 
surface  is  pitted  over  with  about 
a  score  of  small  depressions  of 
this  sort.  On  tracing  these 
minute  openings  into  the  sub- 
stance of  the  pyramids,  they  are 
discovered  to  be  the  mouths  of 
small  tubes  or  ducts,  the  urini- 
ferous  tuies  before  mentioned, 
which  thus  open  upon  the  sur- 
face of  the  several  papillse  into 
the  interior  of  the  calices. 

As  these  tubuli  pass  up  into 
the  pyramidal  substance,  they  bifurcate  again  and  again  at  very  acute 
angles,  their  successive  branches  running  close  together  in  straight  and 


Fig.  287. — Diagram  of  the  course  and  ar- 
rangement OF  THE  UrINIFEROUS  TuBES 
(from  Ludwig). 

^,  corresponds  to  the  apical  part,  and  (/,  to 
the  base  of  a  pyramid  of  Malpighi ;  r,  cortical 
part  ;  ix,  excretory  tube  ;  viii,  vii,  vi,  straight 
or  collecting  tube  -with  its  branches  ;  v,  junc- 
tional tube  ;  IV,  ascending  limb  of  Henle's 
loo]3  (h)  ;  III,  descending  limb  ;  ii,  commencing 
convoluted  tube ;  i,  Malpighian  capsule  with 
glomerulus. 
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slightly  diverging  lines,  and  they  continue  thus  to  divide  and  subdivide 
until  they  reach  the  sides  and  bases  of  the  pyramids,  vt^hence  they  pass, 
greatly  augmented  in  number,  into  the  cortical  substance,  where  they 
become  convoluted.  In  the  cortical  part  the  straight  tubules  belonging 
to  a  Malpighian  pyi*amid  are  continued  for  some  way,  in  several  groups 
or  bundles,  the  tubules  in  the  centre  of  which  approach  nearer  the 
surface  than  those  at  the  sides,  which  sooner  become  convoluted,  so  that 
conical  bundles  are  formed  which  have  been  termed  pyramids  of  Ferrein, 
several  of  which  therefore  correspond  to  a  single  Malpighian  pyramid. 

The  tubes  commence  in  the  cortical  substance  by  spherical  dilatations 
(^fig.  287,  I)  enclosing  like  a  capsule  the  vascular  Malpighian  tufts  to  be 
afterwards  described.  Arising  in  this  manner,  the  tubes  are  at  first 
much  convoluted  (ii)  ;  they  then  become  smaller  (iii),  pass  straight 
down  in  the  pyramid  towards  the  papilla,  and  return  again  (iy),  forming 
the  loo2ml  f tides  of  Hmle.  Each  of  these  tubes  on  returning  to  the 
cortical  substance  becomes  again  convoluted  (v),  and  joins  one  of  the 
straight  collecting  tuies  (vi).  This  part  is  named  the  junctional  tube. 
The  collecting  tubes  uniting  together  eventually  form  the  excretonj 
tules  (IX)  (often  called  ducts  of  BelMni),  which  open  on  the  papillas. 

Structure  of  the  tubules. — The  tubules  consist  in  every  case  of  a 
basement  membrane  and  epithelium,  but  the  form  and  character  of  the 

Fig.  288. 


Fig.  288. — Convoluted  Tubules  of  Kidney-.     About  400  Diametees. 

a,  transverse,  a',  longitudinal  section  of  a  tubule  from  the  human  kidney  ;  h,  portion 
of  a  tubule  from  the  dog's  kidney,  showing  the  striated  appearance  of  the  base  of  the 
cells,  somewhat  analogous  to  that  observed  in  the  tubules  of  the  submaxillary  gland. 

latter,  as  well  as  the  size  of  the  tubes,  varies  considerably  in  the  different 
parts.  In  the  straight  or  collecting  and  excretory  tubes  the  epithelium 
is  columnar  in  form,  the  cells  are  distinct,  and  the  lumen  of  the  tube 
is  of  considerable  size.  These  tubules  are  largest  near  their  termination, 
at  a  short  distance  from  which  within  the  papillae,  their  diameter  varies, 
according  to  Huschke,  from  aioth  to  ^ioth  of  an  inch.  Further  on  in 
the  pyramid  they  become  smaller,  measuring  about  e-o-o^h  of  an  inch 
in  diameter,  and  then  do  not  diminish  as  they  continue  to  bifurcate, 
but  remain  nearly  of  the  same  uniform  average  diameter. 


STRUCTUEE  OF  THE  TUBULES. 


407 


The  conYolnted  tubes  {hiMli  contorti),  which  form  the  greater  part  of 
the  cortical  substance,  and,  together  with  vessels  and  connecting 
stroma,  the  whole  of  its  outermost  portion,  vary  in  diameter,  but  corn- 


Fig.  290. 


P/= 


Fig    289 — TiiA>s-sERt>F  Slctio^    cf    4    Papilla   of 
THE  Pia'b  Kidney.     400  diamftees  (Kollikei) 

a,  a,  collecting  tube&  "nith  short  columnai  epitlie 
lium  ,  b,  b,  laigei  ,  e,  c,  smaller  tubes  of  Henle  ,  d,  d, 
blood  vessels. 


Fig.  290. — Tubes  op  Henle,  from  the  Pig's  Kidney.     400  diameteks  (Kolliker). 

1,  loop  formed  by  tlie  narro'o'er  variety  of  Henle's  tube ;  2,  passage  of  tbe  broader 
variety,  a,  into  the  narrower,  b  ;  3,  loop  formed  by  the  broader  variety  of  tube,  with 
granular  epithelium. 

monly  maintain  the  same  average  width  as  the  smaller  straight  tubes, 
namely  -g^o^^^  of  an  inch.  In  the  convoluted  tubes  the  epithelium  is 
extremely  granular,  the  nuclei  are,  in  the  fresh  state,  for  the  most  part 
obscured,  and  the  epithelium  in  many  cases  almost  fills  the  tubule,  so 
as  to  leave  but  a  comparatively  small  lumen.  In  most  animals  it  is 
scarcely  possible  to  make  out  the  lines  of  junction  between  the 
individual  cells  (fig.  288,  5,  from  the  dog),  but  in  the  human  kidney  the 
latter  are  much  more  distinct  (fig.  288,  a,  a'),  being  separated  by  clefts, 
which  extend  almost  to  the  basement  membrane. 
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^ig-  291.  According  to  the  descrip- 

tion of  Heidenhain,  the 
epithelium  of  these  tubules 
mainly  consists  of  minute 
thickly-set  rod-shaped  par- 
ticles, -which  rest  by  one  end 
against  the  basement  mem- 
brane, Avhilst  the  other  pro- 
jects towards  the  centre  of 
the  tube,  siu-rounding  the 
nuclei,  which  are  imbedded 
in  a  ceiiiain  amount  of  un- 
altered protoplasm.  He 
states  that  it  is  the  optical 
sections  of  these  "  rods  " 
which  produce  the  weU- 
knowTi  granular  appearance 
of  the  epithelium  of  the 
convoluted  tubules. 

The  descending  limb  of 
the  loop  of  Henie  is  very 
small  in  diameter,  but  has  a 
distinct  lumen,  being  lined 
by  flattened  cells,  each  with 
an  oval  nucleus  which  pro- 
duces a  slight  bulging  into 
the  interior  of  the  tube  (fig. 

289,  c,  c  ;  fig.  290,  1).  The 
ascending  limb  is  much  Avider 
than  the  descending,  but  its 
lumen  is  comparatively 
small,  for  the  epithelium 
approaches  more  in  charac- 
ter to  that  of  the  convoluted 
tubules  having  a  granular 
appearance,  and  almost  fill- 
ing the  tube  (fig.  289.  b  ;  fig. 

290,  3).  The  '"bend  of  the 
loop  is  fonned  sometimes 
by  the  larger,  sometimes  by 
the  smaller  kind  of  tubule, 
Schweigger-Seidel. 

Imbedded  among  the 
convoluted  tubules  in 
irregular  rows  between 
the  pyramids  of  Ferrein 
are  the  Malpighian  cor- 
puscles. These  are  small 
rounded  bodies  about 
yjyth  of  an  inch  in  dia- 

Fig.  291. — Diagrammatic  Eepkesentation  of  a  part  of  the  straight  and  convo- 
luted Uriniferous  Tubes  with  the  Glomeruli  (from  Frey,  after  a  drawing  by 
MuUer). 

I,  I,  two  large  straight  tubes  in  the  medullary  substance  of  the  pyramid  ;  c,  con- 
voluted tubes  with  several  of  their  terminations  in  the  Malpighian  capsules  as  in  d  ; 
ffl,  three  arteries  passing  up  the  pyi-amid  and  dividing  into  branches  to  the  glomeruli  ; 
the  efferent  vessels  are  also  seen,  and  the  network  of  capillaries  between  them  and  the 
veins.     The  looped  tubules  of  Henle  are  not  represented. 
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meter,  but  sometimes  only  0^0^^  or  <j^„th  of  an  inch.  They  consist 
each  of  a  membranous  capsule,  containing  a  tuft  of  blood-vessels.  The 
vascular  tuft  or  glomerulits  is  formed  by  a  small  afferent  artery  (fig. 
292,/;  fig.  293,  v,  v'),  breaking  up  at  once  into  a  number  of  minute 
branches,  which  form  convoluted  loops,  and  are  re-united  in  a  single, 
somewhat  smaller  efferent  vessel  (fig.  292,^  ;  fig.  293,  e,  e)),  placed  close 


Fig.  292, 


Fig.  293. 


Fig.   292. — Semimagrajihatic   Ee- 

PUESENTATION    OF    A    MALriGHKAN 

Body  in  its  relation  to  the 
UriniferousTube  (from  Ko  Hiker). 
300  Diameters. 

a,  capsule  of  the  MalpigMan  body 
continuous  with  b,  the  membrana 
propria  of  the  coiled  uriniferous  tube  ; 

c,  epithelium  of  the  Malpighian  body; 

d,  epithelium  of  the  uriniferous 
tube  ;  e,  detached  epithelium  ;  /, 
afferent  vessel  ;  g,  efferent  vessel  ; 
h,  convoluted  vessels  of  the  glome- 
rulus. 


Fig.   298. — Malpighian  Corpuscle  from  the  Eabbit's   Kidney  :  nitrate  of  silver 
pREPARAiioN.    Highly  magnified  (Ludwig). 

v,  vas  afferens,  showing  its  epithelioid  lining :  at  v',  the  'transverse  muscular  fibres 
are  also  seen  ;  e,  vas  efferens  ;  a,  a',  basement  membrane  of  capsule  with  epithelioid 
markings,  passing  at  7t  into  that  of  the  commencing  uniferous  tubule. 


to  the  ajfferent :  the  further  history  of  the  afferent  and  efferent  vessels 
will  be  given  later.  The  cajjsule,  by  which  the  glomerulus  is  enclosed, 
is  formed  of  a  basement  membrane  lined  by  flattened  epithelium  (fig, 
294,  d).  It  receives  the  two  vessels  at  one  part ;  and  at  another  is 
continued  as  already  stated  into  a  convoluted  uriniferous  tubule,  as  was 
first  pointed  out  by  Bowman  (fig.  292).  The  epithelium  lining  the 
capsule  is  reflected  over  the  glomerus,  the  cells  becoming  thicker  and 
less  flattened  (fig.  294,  c)  ;  it  is  doubtful  whether  in  the  adult  they  in 
all  cases  form  a  continuous  layer  over  the  vascular  tuft,  but  in  the 
foetus  it  is  not  difficult  to  recognise  both  layers.  Sometimes  the  tuft 
is  divided  into  two  or  or  three  bunches  of  vessels,  in  which  case  the 
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Fk.  294. 


epithelium  dips  down  between  the  bunches.  The  basement  membrane, 
both  of  the  capsule  and  of  the  uriniferous  tubule,  is  formed  of  fiat 
epithelioid  cells  (fig.  293,  a,  a'). 

Blood-vessels.  —  The 
kidneys  are  highly  vascu- 
lar, and  receive  their  blood 
from  the  renal  arteries, 
which  are  very  large  in 
proportion  to  the  size  of 
the  organs  they  supply. 
Each  renal  artery  divides 
into  four  or  five  branches, 
"which,  passing  in  at  the 
hilus,  between  the  vein 
and  ureter,  may  be  traced 
into  the  sinus  of  the 
kidney,  where  they  lie 
amongst  the  infandibula, 
together  Avith  which  they 
are  usually  embedded  in 
a  quantity  of  fat.  Pene- 
trating the  substance  of 
the  organ  between  the  pa- 
j)illa3,  the  arterial  branches 
enter  the  cortical  substance 
found  in  the  intervals  be- 
tween the  pyramids  of  Mal- 
pighi,  and  proceed  in  this, 
accompanied  by  a  sheath- 
ing of  areolar  tissue,  and 
dividing  and  subdividing,  to  reach  the  bases  of  the  pyramids,  where 
they  form  arches  between  the  cortical  and  medullary  parts,  which  how- 


-bECTI02? 

Human 


01'    CoETicAL    Substance    of 
FcETus.      Highly    magnified 


Fig.  294. 
Kidney 
(Klein). 

a,  glomerulus  with  blood-Tessels  not  fully  de- 
veloped ;  c,  eijitlielium  covering  it  continuous  with  d, 
flattened  epithelium  lining  Bowman's  capsule  ;  /,  /, 
convoluted  tubes. 


Fig.  295. 


Fig.  295. — Diagram  showing  the  Relation  of  the 
Malpigihan  Body  to  the  Ueiniferous  Ducts  and 
Blood-vessels  (after  Bowman). 

a,  one  of  the  interlobular  ai-teries  ;  a'  afferent  artery 
passing  into  the  glomerulus  ;  c,  capsule  of  the 
Malpigbian  body  ;  t,  uriniferous  tube  ;  e',  e' ,  efferent 
vessels  which  subdivide  in  the  jjlexus  j),  surrounding 
the  tube,  and  finally  terminate  in  the  branch  of  tJie 
renal  vein,  e. 


ever  are  not  complete,  and  in  this  respect 
differ  from  the  freely  anastomosing  venous 
arches  which  accompany  them.  From  the 
arches  smaller  "  interlobular  "  arteries  (fig. 
296,  ai)  are  given  off,  which  pass  outwards 
between  the  double  layers  of  Malpighian 
capsules  which  intervene  between  the  pyramids  of  Ferrein  ;  and  from 
these  interlobular  arteries  are  derived  the  afferent  arteries  of  the 
glomeruli.  The  renal  arteries  give  branches  likewise  to  the  capsule 
of  the  kidney  which  anastomose  Avith  branches  of  the  lumbar  arteries, 
and  that  so  freely  that  Ludwig  was  able  partially  to  inject  the  kidneys 
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Fix.  296. 


Fiff.  297. 


Fig.    297. — Injected    Glome- 

KULUS   FROII    THE    INNER  PART 

OF  THE  Cortical  substance 
OF  THE  Horse's  Kidney. 
70  diameters  (from  Kolliker 
after  Bowman). 

a,  interlobular  artery ;  af, 
efferent  artery  ;  on,  m,  convo- 
luted vessels  of  the  glomerulus  ; 
ef,  efferent  or  straight  arteriole ; 
i,  its  snbclivision  in  the  medul- 
lary substance. 


Fig.  296. — Diagram:  of  the  Distribution  op  the  Blood-vessels  in  the  Kidney 

(from  Ludwig). 

ai,  ai,  interlobular  artery  giving  off  numerous  vasa  afferentia  to  the  glomeruli,  g  ;  the 
vasa  efferentia  are  seen  to  break  up  into  capillaries  amongst  the  convoluted  tubules  in  the 
cortical  substance,  and  their  blood  is  collected  partly  by  the  vense  stellatse  or  stellulffi,  ■;;  s, 
near  the  suface  of  the  kidney,  partly  by  the  interlobular  veins,  vi,  vi,  which  accompany 
the  interlobular  arteries.  From  the  lowermost  glomeruli  some  of  the  vasa  efferentia  pass 
down  amongst  the  straight  tubules  of  the  medullary  substance  as  the  so-called  false 
arteriEe  rectre,  ar'.  The  true  arterite  recta?,  ar,  spring  directly  from  the  main  branches  of 
the  renal  artery,  or  from  the  interlobular  arteries,  and  run  down  in  bundles,  ab,  towards 
the  apex  of  the  pyramid,  breaking  up  into  capillaries  with  long  meshes.  Their  blood  is 
returned  to  the  interlobular  veins,  vi,  by  the  ven^  recta;,  vr.  vp,  represents  the  fine 
venous  plexus  around  the  apices  of  the  pyramids. 
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of  a  dog  from  the  aorta  after  the  renal  arteries  had  been  tied.  Within 
the  glomerulus  the  afferent  artery  fig.  297,  {af)  breaks  up  into  con- 
voluted capillary  branches,  which  are  gathered  together  again  to  form 
the  efferent  vessel  {ef).  The  efferent  vessel  is  so  far  comparable  with 
the  vena  portge  of  the  liver  that  it  breaks  up  again  into  capillaries, 
which  form  a  close  honeycomb  network  surounding  the  convoluted 
tubules  (fig.  295,  d),  and  a  less  copious  network  with  elongated  meshes 
round  the  straight  tubes  of  the  cortical  substance.  Within  the  medullary 


Fig.  298.  Fig.    298.  —  Longitu- 

dinal Section  of  a 
Part  of  the  medul- 
lary Substance  and 
the  adjacent  cor- 
TICAL Substance  of 
the  Kidney,  show- 
ing THE  BLOOD-VES- 
SELS injected  (from, 
Southey). 

The  figure  is  design- 
ed principally  to  show 
the  origin  of  the  vasa 
recta.  A  A,  ascending 
arteries  divided  longi- 
tudinally ;  A  a,  trans- 
verse section  of  anasto- 
motic arch  ;  C  V,  cor- 
tical veins  ;  m,  glome- 
ruli ;  R  R,  arterse  rectse; 
M  V,  R  medullary  veins. 

substance  are 
found  numbers  of 
straight  vessels, 
vasa  recta,  which 
lie  between  the  ur- 
iniferous  tubes, 
and,  at  the  bases 
of  the  Malpighian 
pyramids,  are  ar- 
ranged in  bundles  extending  inwards  from  between  the  pyramids  of 
Ferrein.  These  vessels  partly  break  up  into  capillaries,  from  which 
returning  veins  arise,  and  partly  form  loops  similar  to  those  of  the 
looped  tubules  of  Henle.  The  vasa  recta  take  origin  partly  from  the 
vasa  efferentia  from  the  innermost  glomeruli  (fig.  296,  ar' ;  fig.  297,  h), 
partly  from  the  renal  arteries  without  intervention  of  the  glomeruli 
(fig.  296,  ar). 

Small  veins,  arising  by  numerous  venous  radicles  from  the  capillary 
network  of  the  kidney,  are  seen  near  the  surface  of  the  gland,  and 
collect  the  blood  from  the  capillary  plexus  around  the  convoluted 
tubules  which  mainly  compose  this  part.  These  vessels,  some  of  which 
have  a  stellate  arrangement  {stellulce,  Verheyen,  fig.  296,  vs),  are  joined 
by  numerous  branches  from  the  fibrous  coat  of  the  kidney,  and,  passing 
through  the  cortical  substance,  end  in  larger  veins,  which  again  unite 
into  arches  around  the  bases  of  the  pyramids  of  Malpighi.  The  arches 
receive  the  interlobular  veins  (fig.  296,  vi)  which  accompany  the  inter- 
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lobular  arteries,  receiving  capillaries  from  the  cortical  substance,  and 
also  the  straight  veins  of  the  pyramids,  which  commence  in  a  beautiful 
plexus  {I'p,  fig.  29G)  around  the  orifices  of  the  tubuli  on  the  surface  of 
the  papilla.  The  venous  trunks  then  proceed,  in  company  Avith  the 
arteries,  through  the  cortical  septula  between  the  pyramids,  to  the  sinus 
of  the  kidney.  Joining  together,  they  escape  from  the  hilus,  and 
ultimately  form  a  single  vein,  which  lies  in  front  of  the  artery,  and 
ends  in  the  inferior  vena  cava. 

Siyisiphatics. —  The  lymphatics  of  tne  kidney  are  numerous,  con- 
sisting of  a  superficial  set  forming  a  plexus  in  the  fibrous  capsule,  and 
of  deep  lymphatics  which  issue  from  the  hilus  with  the  blood-vessels. 
According  to  the  researches  of  Ludwig  and  Zawarykin,  there  appears  to- 
be  a  network  of  freely  intercommunicating  lymphatic  spaces  between 
the  tubules,  in  communication  both  with  the  lymphatics  of  the  surface 
and  those  which  issue  with  the  blood-vessels  at  the  hilus.  These  spaces- 
are  similar  to  those  previously  found  by  Ludwig  and  Tomsa  in  the 
testicle.     They  are  most  abundant  in  the  cortical  substance. 

IKTerves. — The  nerves  which  have  been  traced  into  the  kidneys  are 
small.  They  come  immediately  from  the  renal  plexus  and  the  lesser 
splanchnic  nerve,  and  contain  filaments  derived  from  both  the  sympa- 
thetic and  cerebro- spinal  systems.  They  may  be  traced  accompanying' 
the  arteries  as  far  as  their  finer  branches,  but  it  is  uncertain  how  they 
end. 

Intertubular  Stroma. — Between  the  tubules  and  vessels  of  the 
kidney,  although  they  are  disposed  closely  together,  a  small  amount  of 
interstitial  substance  of  the  nature  of  connective  tissue  is  found.  It 
has  a  fibrous  character  in  the  vicinity  of  the  chief  ramifications  of  the 
blood-vessels.  Fibres  are  likewise  described  by  Ludwig  and  Zawarykin 
as  passing  around  the  Malpighian  corpuscles,  and  others  by  Henle, 
coiling  around  the  tubes  of  the  medullary  substance.  The  stroma  is 
more  marked  in  the  cortical  substance,  where  it  consists  mainly  of  con- 
nective tissue  corpuscles,  than  in  the  greater  part  of  the  medullary  ; 
but  according  to  Henle  it  is  very  abundant  towards  the  apices  of  the 
papillEe.  It  is  much  more  abundant  in  animals  than  in  man,  and  in 
the  human  kidney  is  more  apparent  in  the  young  than  in  the  adult,  and 
also  much  richer  in  corpuscles  (fig.  294);  in  this  respect  resembling' 
the  connective  tissue  generally. 

Among'  ivrltlnrjii  on  the  h'ulney,  the  following  may  be  here  ref en-ed  to  : — Bowman, 
in  Philos.  Trans.  18J;2  ;  Henle,  Zur  Anatomie  der  Nieren.  G-otting-en,  1862,  and  in 
his  Handbuch ;  Ludwig  and  Zawarykin,  in  Wiener  Acad.  Sitzungsbericht.  vol, 
xlviii.  1864  ;  Chi'zonszczewsky,  in  Virchow's  Archiv.  xxxi.  186-1  ;  Schweigger- 
Seidel,  Die  Nieren  des  Menschen  und  der  Saiigethiere,  Halle,  1865  ;  Southey, 
in  St.  Bartholomew's  Hosp.  Reports,  1865  ;  Heidenhain  Arch.  f.  Mikr.  Anat.  s. 
1874.  Also,  on  the  stroma.  Beer,  Die  Bindesubstanz  d.  menschlichen  Nieren,. 
Berlin,  1859. 


SUPRARENAL     BODIES. 

The  suprarenal  lodies  or  capsules,  or  suprarenal  glands  {capsulm 
cdraMlaricB  seu  renes  succenturiati  of  old  anatomists),  are  two  flattened 
bodies,  each  of  Avhich  has  a  somewhat  crescentic  or  bent  triangular 
shape,  and  surmounts  the  corresponding  kidney  (fig.  299).  The  iqyjjcr 
border,  convex  and  thin,  is  often  considerably  elevated  in  the  middle  sO' 
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as  to  form  two  sides  of  a  triangle.  Tlie  lower  border  is  concave,  and 
rests  upon  the  anterior  and  inner  part  of  the  summit  of  the  kidney,  to 
which  it  is  connected  by  loose  areolar  tissue  :  it  is  thick,  and  almost 
always  deeply  grooved.  The  posterior  surface  rests  upon  the  diaphragm. 
Its  anterior  surface  is  covered  on  the  right  side  by  the  liver,  and  on  the 
left  by  the  pancreas  and  spleen  :  it  presents  an  irregular  fissure  named 
the  hilus,  from  which  the  suprarenal  vein  emerges  (fig.  300,  v).  The 
right  capsule,  like  the  right  kidney,  is  placed  lower  down  than  the  left. 


Fig  299. 


Fig.  300. 


Fig.    299. — Fkont  view  of  the  Right  Kidney  and  Supeaeenal  Body  of  a  full- 
grown  FcETus  (Allen  Thomson). 

This  figure  shows  the  lobulated  form  of  the  fcetal  kidney,  r ;  v,  the  renal  vein  and 
artery ;  u,  the  ureter  ;  s,  the  suprarenal  capsule,  the  letter  is  placed  near  the  sulcus  in 
which  the  large  veins  (»')  are  seen  emerging  from  the  interior  of  the  organ. 

Fig.  300.  — Section  of  the  Supeaeenal  Body. 

A  vertical  section  of  the  suprarenal  body  of  a  fcetus,  tv/ice  the  natural  size,  showing 
the  lower  notch  by  which  it  rests  on  the  summit  of  the  kidney,  and  the  anterior  notch  hj 
which  the  veins  issue,  together  with  the  distinction  between  the  medullary  and  cortical 
substance. 


The  suprarenal  capsules  vary  in  size  in  different  individuals,  and  the 
left  is  usually  somewhat  narrower  at  its  base,  but  longer  from  above 
downwards,  and  larger  than  the  right.  They  measure  from  an  inch  and 
a  quarter  to  an  inch  and  three-quarters  in  height,  and  about  an  inch 
and  a  quarter  in  width ;  their  thickness  is  from  two  to  three  lines. 
The  iveight  of  each  in  the  adult  is  from  one  to  two  drachms. 

Structure. — Besides  a  covering  of  areolar  tissue  mixed  frequently 
with  much  fat,  the  suprarenal  capsules  have  a  thin  fibrous  investment. 
On  the  exterior  their  colour  is  yellowish  or  brownish-yellow.  When 
divided  (fig.  300),  they  are  seen  to  consist  of  two  substances  :  one, 
external  or  cortical,  is  of  a  deep  yellow  colour,  firm  and  striated,  and 
forms  the  principal  mass  of  the  organ  ;  the  other,  internal  or  medullar ij, 
is  in  the  adult  of  a  dark  brownish-black  hue,  and  so  soft  and  pulpy  that 
some  anatomists  have  erroneously  described  a  cavity  within  it. 
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Fig.  301. 
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The  fibrous  investment  (fig.  301,  a),  is  so  intimately  connected  with 
the  deeper  parts  that  it  cannot  be  removed  without  lacerating  the  sub- 
jacent structure.  Its  deeper  layers  are  destitute  of  clastic  fibres,  and 
are  particularly  rich  in  connective  tissue  corpuscles  :  they  are  continuous 
with  the  septa  which  enter  into  the  formation  of  tbe  substance  of  the 
organ. 

The  cortical  part  of  the  supra- 
renal body,  examined  in  a  section  with 
a  low  magnifying  power  (fig.  301, 1), 
is  seen  to  consist  of  a  fibrous  stroma, 
in  which  are  imbedded  column-like 
groups  of  cells.  The  groups  measui'e 
on  an  average  -y^th  of  an  inch  in 
diameter,  and  are  arranged  vertically 
to  the  surface  of  the  organ.  In  the 
deepest  part  of  the  cortex,  however, 
the  colour  is  darker,  and  the  columnar 
arrangement  is  lost,  the  stroma  being 
more  equally  distributed  (d) ;  and 
immediately  beneath  the  fibrous  coat 
there  is  another  narrow  zone  in 
wliich  the  stroma  forms  oval  spaces, 
of  which  it  is  difficult  to  say 
whether  they  communicate  with  the 
extremities  of  the  colmnns  ornot(&). 
These  inner  and  outer  layers  have 
been  named  ~bj  J.  Arnold  respec- 
tively zona  reticularis  and  zona  glo- 
merulosa,  while  he  applies  the  term 
zona  fasciculata  to  the  main  part(c) ; 
but  the  transition  from  one  of  these 
parts  to  another  is  not  sudden  nor 
indicated  by  any  line  of  demarcation. 

The  cells  which  form  the  groups 
and  columns  of  the  cortical  substance 
are  polyhedral  in  form  (fig.  302) : 
their  protoplasm  is  finely  granular 
but  not  unfrequently  contains  yel- 
lowish oil  globules.  The  cells  vary 
from  2  oVo^h  to  T-Votli  of  an  inch 
in  size :  each  has  a  clear  round 
nucleus. 

The  small  arteries,  entering  from 
the  surface,  run  parallel  to  these 
columns,  frequently  anastomose  to- 
gether between  them,  and  surround 

each  column  of  cells  with  a  fine  capillary  network.  Small  bundles  of 
nerves  pass  inwards  in  the  septa  between  the  columns  to  reach  the 
medullary  part  of  the  organ,  and  their  fibres  begin  to  spread  out  in 
the  zona  reticularis,  but  do  not  appear  to  be  distributed  to  the  cortical 
substance. 

The  medullary  part  (fig.  301,  2)  of  the  suprarenal  capsule  is 
marked  off  from  the  cortical  part  by  a  layer  of  loose  connective  tissue. 


) 


Fig.  301. — Yertical  Section  of  stjpra- 
KENAL  Body  :  Human.  Mags-jfied 
(Eberth). 

1,  cortical  substance ;  2,  medullary 
substance  :  a,  capsule  ;  b,  zona  glome- 
rulosa  ;  c,  zona  fasciculata  ;  d,  zona  re- 
ticularis ;  e,  groups  of  medullary  cells  ;  /, 
section  of  a  large  vein. 
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In  the  thinner  parts  of  the  adult  organ  there  is  no  medullary  part,  and 
the  layer  of  connective  tissue  referred  to  is  found  separating  the  deep  sur- 
faces of  two  opposed  portions  of 
Fig.  302.  the  cortical   part  ;  but   in    the 

^.  .._. _    ■:■--,.-  -        -  ..T        young  state  the   distinction   of 

K, ,  ■•  >    :  ■:;;        cortical  and  medullary  probably 

I  ,  '   '  ''^        extends   throughout   the   whole. 

j  j        The  medullary  part  is  traversed 

j  ;        in  the  centre  by  venous  trunks, 

?:V  >        '  which  receive   the  whole  of  the 

l'\       ■'  ^       -      ,-■      -         ■  ']       blood  which  has  passed  through 

I         -'"        /<     ,■    '■  theorgan.  The  stroma  is  delicate 

I  ,   ■    ;    ;  -;        and    arranged   in     a    reticular 

\;iy/-^>fe^^s=^'^<-ikS/--— ji^  manner  ;   in  its  meshes  are  en- 

closed groups  of  cells,  which  differ 
Fig.  302.  -Cells  aitd  Cell-Gkol-ps  from     f^.^^  q^^^^  ^f  ^he  cortex  in  beinff 

THE    OUTERMOST     LATER    OF    THE     CORTICAL  ,  ^  n        .•,      .  jy 

Substance   of   the    Suprarenal    Bodv.      coarsely    granular,    destitute     of 
Highly  magnified  (Eberth).  oil-globules,    and  some  of  them 

branched.  Moreover  they  become 
stained  of  an  intense  yelloAv  or  brown  by  solutions  of  yellow  chromate 
of  potash,  whereas  the  cortical  cells  are  but  slightly  tinged  by  that 
re-agent.  The  bundles  of  nerves  which  pass  through  the  cortical  sub- 
stance run  between  it  and  the  medullary  substance,  and  then  form  a 
copious  interlacement  which  extends  through  the  whole  of  the  medul- 
lary stroma.  Indeed,  some  observers  (Leydig  and  Luschka)  have 
regarded  the  cells  of  the  medullaiy  substance  as  nerve-cells ;  and  Luschka 
states  that  he  has  found  them  connected  with  nerve-fibres  ;  but  this  still 
requires  confirmation.  Moers,  whilst  denying  that  the  cells  generally 
of  the  medullary  parenchyma  are  nervous,  nevertheless  describes  ganglia 
on  the  nerves  where  their  bundles  begin  to  break  up.  The  medullary 
substance  receives  its  blood  by  the  continuation  inwards  of  the  capillary 
network  of  the  cortex,  the  blood  from  which  is  collected  by  venous 
radicles  which  open  into  the  stems  in  the  centre  of  the  organ  and 
these  emerge  at  the  hilus. 

Vessels. — The  suprarenal  bodies  receive  artci'ies  from  three  sources,  viz.,  froiu 
the  aorta,  the  phrenic,  and  the  renal  arteries.  The  distribution  of  their  capillaiy 
vessels  has  already  been  mentioned. 

The  veins,  which  pass  out  from  the  centre,  are  usually  united  into  one  for  each 
organ.  The  right  vein  enters  the  vena  cava  inferior  immediately,  whilst  the  left, 
after  a  longer  course,  terminates  in  the  left  renal  vein. 

The  lijmphat'ws  are  imperfectly  known.  Kolliker  has  seen  a  few  small  trunks 
upon  the  surface  ;  and  Luschka  has.  in  addition,  observed  others  emerging  from 
the  interior  in  company  with  the  vein. 

Nerves, — The  nerves  are  exceedingly  numerous.  They  are  derived  from  the 
solar  plexus  of  the  sympathetic,  and  from  the  renal  plexuses.  According  to 
Bergmann,  some  filaments  come  from  the  phrenic  and  iDneumogastric  nerves. 
They  are  made  up  mainly  of  dark-bordered  white  fibres,  of  different  sizes,  and 
they  have  many  small  ganglia  upon  them  before  entering  the  organ.  The  nerves 
are  especially  numerous  ta  the  lower  half,  and  inner  border. 

Accessory  snprarenal  capsules  are  occasionally  met  -wath,  attached  by  connec- 
tive tissue  to  the  main  bodies  ;  and  varyiag  from  a  small  size  uo  to  that  of  a  pea. 
According  to  Duckworth  they  possess  no  medullary  part. 

On  the  subject  of  the  suprarenal  capsules  may  be  consulted, — Bei'gmann, 
Dissertation,  Gottingen,  1839  ;  Ecker,  Der  feinere  Ban  der  Nebennieren,  Braun- 
schweig, 18-16  ;  Simon  on  the  Thymus  Gland  ;  Frey,  article  "  Suprarenal  Capsules," 
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in  Cyclop,  of  Anat.  and  Pliys. ;  G.  Haiiey,  in  the  Lancet,  June,  1858  ;  Dnckwortli, 
in  St.  Bartholomew's  Hosp.  Reports,  1865  ;  Moers,  in  Virchow's  Archiv,  lS6i, 
vol.  xxix.  p.  336  ;  J.  Arnold,  Virchow's  Archiv,  1866,  vol.  xxxv.  p.  6i  ;  y.  Brunn, 
Ai-ch.  f.  mikr.  Anat.  viii. ;  Eberth.,  Strieker's  Handbook  ;  Leydig,  KoUiker  Luschka, 
and  Henle,  in  their  Handbooks. 

Function. — Nothing  is  known  positively  with  regard  to  the  function  of  the 
suprarenal  capsules.  The  opinion  which  has  met  with  most  acceptance  among 
physiologists  is  that  these  bodies  belong  to  the  class  of  blood- vascular  glands, 
and  exert  some  influence  upon  the  elaboration  or  disintegration  of  nutritive 
material.  Bergmann,  however,  who  was  the  first  to  point  out  the  richness  of 
then-  nervous  supply,  suggested  that  they  were  parts  of  the  sympathetic  nervous 
system,  and  in  this  opinion  he  has  been  followed  by  Leydig  and  Luschka  ;  while 
KoUiker  states  that,  upon  anatomical  grounds,  he  is  inclined  to  consider  the 
cortical  and  medullary  portions  as  ftmctionally  different ;  the  former  belonging 
to  the  group  of  vascular  or  ductless  glands,  the  latter  appearing  to  be  an  appa- 
ratus appertaining  to  the  nervous  system.  Bro-mi-Sequard  found  that  injuries 
to  the  spinal  cord  in  its  dorsal  region  produced  congestion  and  subsequent  hj^jer- 
trophy  of  the  suprarenal  bodies.  Addison  has  shown  that  a  bronzed  tint  of  skin, 
together  with  progressive  emaciation  and  loss  of  strength,  is  to  be  found  in  con- 
junction with  various  forms  of  disease  more  or  less  involving  and  altering  the 
structure  of  these  bodies. 


THE    UEETEHS. 

The  urefers  are  two  tubes  which  conduct  the  urine  from  the  kidneys 
into  the  bladder.  The  dilated  commencement  of  each,  situated  in 
the  pelvis  of  the  kidney  and  into  which  the  calices  pour  their  con- 
tents, has  already  been  described.  Towards  the  lower  part  of  the  hilus 
of  the  kidney  the  pelvis  becomes  gradually  contracted,  and  opposite  the 
lower  end  of  the  .eland,  assuming  the  cylindrical  form,  receives  the 
name  of  ureter.  These  tubes  extend  downwards  to  the  posterior  and 
under  part  or  base  of  the  bladder,  into  which  they  open,  after  passing 
obliquely  through  its  coats. 

The  ureters  measure  from  fourteen  to  sixteen  inches  in  length  ; 
their  ordinary  width  is  about  that  of  a  goose-quill.  They  are  frequently, 
however,  dilated  at  intervals,  especially  near  the  lower  end.  The 
narrowest  part  of  the  tube,  excepting  its  orifice,  is  that  contained  in  the 
walls  of  the  bladder. 

Each  ureter  passes,  at  first,  obliquely  downwards  and  inwards,  to> 
enter  the  cavity  of  the  true  pelvis,  and  then  curves  forwards  and 
inwards,  to  reach  the  side  and  base  of  the  bladder.  In  its  whole  course^ 
it  lies  close  behind  the  peritoneum,  and  is  connected  to  neighbouring 
parts  by  loose  areolar  tissue.  Superiorly,  it  rests  upon  the  psoas 
muscle,  and  is  crossed,  very  obliquely  from  within  outwards,  below  the 
middle  of  the  psoas,  by  the  spermatic  vessels,  which  descend  in  front  of 
it.  The  right  ureter  is  close  to  the  inferior  vena  cava.  Lower  down, 
the  ureter  passes  either  over  the  common  or  the  external  iliac  vessels, 
behind  the  termination  of  the  ileum  on  the  right  side  and  the  sigmoid 
flexure  of  the  colon  on  the  left.  Descending  into  the  pelvis,  it  enters, 
the  fold  of  peritoneum  forming  the  corresponding  posterior  false  liga- 
ment of  the  bladder,  and,  reaching  the  side  of  the  bladder  near  the  base 
[u,  fig.  304),  runs  downwards  and  forwards  in  contact  with  >it,  below 
the  obliterated  hypogastric  artery,  and  is  crossed  upon  its  inner  side, 
in  the  male,  by  the  vas  deferens  (*),  which  passes  down  between  the 
ureter  and  the  bladder.     In  the  female,  the  ureters  run  along  the  sides- 
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of  the  cervix  uteri  and  upper  part  of  the  vagina  before  reaching  the 
bladder. 

Having  reached  the  base  of  the  bladder,  about  two  inches  apart  from 
one  another,  the  ureters  enter  its  coats,  and  running  obliquely  through 
them  for  about  three-quarters  of  an  inch,  open  at  length  upon  the  inner 
surface  by  two  narrow  and  oblique  slit-like  openings,  which  are  situated, 
in  the  male,  about  an  inch  and  a  half  behind  the  prostate  gland,  and  about 
the  same  distance  from  each  other.  This  oblique  passage  of  the  ureter 
through  the  vesical  walls,  while  allowing  the  urine  to  flow  into  the 
bladder,  has  the  effect  of  preventing  its  reflux. 

Stmct'ure. — The  walls  of  the  ureter  are  pinkish  or  bluish  white  in 

colour.  They  consist  of  an  external 
fibrous  coat,  a  middle  coat  of  plain 
muscular  tissue,  and  a  mucous  lining. 
According  to  Huschke  and  Obersteiner 
the  muscular  coat  possesses  two  layers 
of  longitudinal  fibres  and  a  middle 
circular  layer  :  Henle  finds  only  an 
inner  longitudinal  and  an  outer  cir- 
cular layer  ;  while  Kolliker,  who  ad- 
mits the  inner  longitudinal  and  the  cir- 
cular as  the  principal  layers,  describes 
longitudinal  fibres  external  to  the  cir- 
cular layer  which  are  absent  at  the 
upper  part  of  the  tube. 

The  mucous  membrane,  thin  and 
smooth,  presents  a  few  longitudinal 
folds  when  the  ureter  is  laid  open. 
It  is  prolonged  above  to  the  papillse 
of  the  kidney,  and  below  becomes 
continuous  with  the  lining  membrane 
of  the  bladder.  The  epithelium  (fig. 
303)  is  of  a  peculiar  character,  like 
that  of  the  bladder.  It  is  stratified, 
consisting  of  at  least  three  layers  of 
cells,  in  the  uppermost  of  which  the 
cells  are  somewhat  cubical,  with  de- 
pressions on  their  under  surface,  which 
fit  upon  the  rounded  ends  of  a  second  layer  of  pear-shaped  cells  ;  then 
follow  one  or  more  layers  of  rounded  or  oval  cells,  with  processes 
extending  down  to  the  mucous  membrane. 

Vessels  and  nerves. — The  ureter  is  supplied  with  blood  from  small  branches 
of  the  renal,  the  spermatic,  the  internal  iliac,  and  the  inferior  vesical  arteries. 
The  veins  end  in  various  neighbouruig  vessels.  The  nerves  come  from  the  inferior 
mesenteric,  siaermatic,  and  hypogastric  plexuses.  They  form  a  plexus  in  the 
outer  coat,  containing  a  few  ganglion -cells. 

Varieties. — Sometimes  there  is  no  funnel-shaped  exi^ansion  of  the  ureter  at 
its  upper  end  into  a  pelvis,  but  the  calices  unite  into  two  or  more  narrow  tubes, 
which  afterwards  coalesce  to  form  the  meter.  Occasionally,  the  separation  of 
these  two  tubes  continues  lower  down  than  usual,  and  even  reaches  as  low  as  the 
bladder,  in  which  case  the  m-eter  is  double.  In  rare  cases,  a  triple  ureter  has 
been  met  with. 

In  instances  of  long-continued  obstruction  to  the  passage  of  the  urine,  the 
ureters  occasionally  become  enormously  dilated,  and  their  opening  into  the 
bladder  becomes  direct,  so  as  to  lose  its  valvular  action. 


Fig.  303. — Epithelium  feom  the 
Pelvis  of  the  Human  Kidnei 
(Kolliker).     350  Diameters. 

A,    different   kinds    of    epithelial 
cells  separated ;  B,  the  same  in  situ. 
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THE    URINABY    BLADDER. 

The  urinary  Uadder  (vesica  urinaria)  is  a  hollow  membranous  and 
muscular  receptacle,  which  receives  the  urine  poured  into  it  through  the 
ureters,  retains  it  for  a  longer  or  shorter  period,  and  finally  expels  it 
through  the  urethra. 

During  infancy  it  is  pyriform,  and  lies  chiefly  in  the  al3domen,  but 
in  the  adult  it  is' situated  in  the  pelvic  cavity  behind  the  pubes,  and  in 
the  male,  in  front  of  the  rectum  ;  in  the  female,  it  is  separated  from 
the  rectum  by  the  uterus  and  vagina. 


Fig.  304. — Lateral  View  of  the  Viscera  of  the  Male  Pelvis  (R.  Quain).    \ 

The  left  os  ilium  lias  been  disarticulated  from  the  sacrum,  the  spinous  process  of  the 
ischium  cut  through,  and  the  pubes  divided  to  the  left  of  the  symphysis  ;  a,  the  bladder; 
h,  V,  the  rectum  ;  c,  membranous  part  of  the  urethra  ;  d,  section  of  the  left  cms  or 
corpus  cavemosum  ;  e,  bulb  of  the  spongy  body  of  the  urethra  ;  /,  Cowper's  gland  ;  g, 
section  of  the  body  of  the  pubes  ;  h,  sphincter  ani  muscle  ;  i,  part  of  the  left  vas 
deferens  ;  m,  articular  surface  of  the  sacrum  ;  n,  divided  spine  of  the  ischium  ;  o, 
coccyx  ;  p,  prostate  gland  ;  r,  1\  peritoneum ;  r',  recto- vesical  piouch ;  u,  left  ureter  ;  r, 
left  vesicula  seminalis. 

The  size  and  shape  of  the  bladder,  its  position  in  the  abdomino-pelvic 
cavity,  and  its  relations  to  surrounding  parts,  vary  greatly,  according 
to  its  state  of  distension  or  collapse.  When  empty,  the  bladder  lies 
deeply  in  the  pelvis,  and  in  a  vertical  antero- posterior  section  pre-' 
sents  a  triangular  appearance,  being  flattened  before  and  behind,  having 
its  base  turned  downwards  and  backwards,  whilst  its  apex  reaches  up 
behind  the  symphysis  pubis.  The  surfaces  named  anterior  and  pos- 
terior have  thus  a  considerable  inclination.  When  moderately  full,  it 
is  still  contained  Avithin  the  pelvic  cavity,  and  has  a  rounded  form  (fig. 
o04,  a),  but  when  completely  distended,  it  rises  above  the  brim  of  the 
pelvis,  and  becomes  egg-shaped ;  its  larger  end,  which  is  called  the 
hase  or  inferior  fundus,  being  directed  towards  the  rectum  in  the  male 
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and  the  vngina  in  the  female  ;  and  its  smaller  end,  or  svmmit,  resting" 
against  the  lower  part  of  the  anterior  wall  of  the  abdomen.  Imme- 
diately in  front  of  the  base  is  the  thickened  portion  named  the  cervix,  or 
neclc,  which  bounds  the  outlet  of  the  bladder,  and  connects  it  below  with 
the  urethra. 

The  long  axis  of  the  distended  bladder  is  inclined  ol)liqnely  upwards 
and  forwards  from  the  base  to  the  summit,  in  a  line  directed  from  the 
coccyx  to  a  point  between  the  pubes  and  the  umbilicus.  In  being^ 
gradually  distended,  the  bladder  curves  slightly  forwards,  so  that  it 
becomes  more  convex  behind  than  in  front,  and  its  upper  end  is  by 
degrees  turned  more  and  more  towards  the  front  of  the  abdomen. 
Lastly,  the  bladder,  when  filled,  appears  slightly  compressed  from  before 
backwards,  so  that  its  diameter  in  that  direction  is  less  than  from  side 
to  side.  In  its  ordinary  state,  the  longest  diameter  in  the  male  is  from 
base  to  summit ;  but  in  the  female  its  breadth  is  often  greater  than 
its  height.  The  average  capacity  of  the  bladder  is  often  stated  to  be 
greater  in  the  female  than  in  the  male  ;  and,  no  doubt,  instances  of 
very  large  female  bladders  are  not  unfrequent,  but  these  have  pro- 
bably been  the  result  of  unusual  distension  :  in  the  natural  condition, 
according  to  Luschka  and  Henle,  the  female  bladder  is  decidedly 
smaller  than  that  of  the  male. 

Connections. — While  freely  movable  in  all  other  directions  upon 
surrounding  parts,  the  bladder  is  fixed  below  to  the  walls  of  the  pelvis 
by  the  neck,  and  by  fibrous  bands  given  off  from  the  recto-vesical 
fascia,  named  the  true  ligaments  of  the  bladder.  It  is  supported, 
moreover,  by  strong  areolar  connections  with  the  rectum  or  vagina^ 
according  to  the  sex,  in  a  slighter  degree  by  the  two  ureters,  the 
obliterated  hypogastric  arteries  and  the  urachus,  by  numerous  blood- 
vessels, and,  lastly,  by  a  partial  covering  of  the  peritoneum,  which,  in 
being  reflected  from  this  organ  in  different  directions,  forms  duplica- 
tures,  named  i\\Q  false  licjamenis  of  the  bladder. 

The  anterior  surface  is  entirely  destitute  of  peritoneum,  and  is  in 
apposition  with  the  triangular  ligament  of  the  urethra,  the  subpubic 
ligament,  the  symphysis  and  body  of  the  pubes,  and,  if  the  organ  be 
full,  the  lower  part  of  the  anterior  wall  of  the  abdomen.  It  is  con- 
nected to  these  parts  by  loose  areolar  tissue,  and  to  the  back  of  the 
pubes  by  two  strong  bands  of  the  vesical  fascia,  named  the  anterior 
true  ligamejits.  This  surface  of  the  bladder  may  be  punctured  above 
the  pubes  without  wounding  the  peritoneum. 

The  posterior  surface  is  entirely  free,  and  covered  everywhere  by 
the  peritoneum,  which  in  the  male  is  prolonged  also  for  a  short 
distance  upon  the  base  of  the  bladder.  In  the  male,  this  surface 
is  in  contact  with  the  rectum,  and  in  the  female  with  the  uterus,  some 
convolutions  of  the  small  intestine  descending  between  it  and  those 
]3arts,  unless  the  bladder  be  very  full.  Beneath  the  peritoneum,  in  the 
male,  a  part  of  the  vas  deferens  is  found  on  each  side  of  the  lower  por- 
tion of  this  surface. 

The  summit  (sometimes  named  the  superior  fundus)  is  connected  tO' 
the  anterior  abdominal  wall  by  a  tapering  median  cord,  named  the 
urachus,  which  is  composed  of  fibro-areolar  tissue,  mixed  at  its  base 
■with  some  muscular  fibres  which  are  prolonged  upon  it  from  the  bladder. 
This  cord,  becoming  narrower  as  it  ascends,  passes  upwards  from  the 
apex  of  the  bladder  between  the  linea  alba  and  the  peritoneum,  to  reach 
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the  umbilicus,  where  it  becomes  "blended  with  the  dense  fibrous  tissue  found 
in  that  situation.  The  urachus,  which  forms  in  the  early  foetal  state  a 
tubular  communication  between  the  urinary  bladder  and  the  allantoic 
vesicle,  preserves,  according  to  Luschka,  vestiges  of  its  original  condi- 
tion in  the  form  of  a  long  interrupted  cavity,  with  irregularities  and 
dilatations,  lined  with  epithelium  similar  to  that  of  the  bladder,  and 
Bometimes  communicating  by  a  fine  opening  with  the  vesical  cavity.* 

The  sides  of  the  bladder,  when  it  is  distended,  are  rounded  and  pro- 
minent, and  are  each  of  them  crossed  obliquely  by  the  cord  of  the 
obliterated  hypogastric  artery,  which  is  connected  posteriorly  with  the 
superior  vesical  artery,  and  runs  forwards  and  upwards  to  the  um- 
bilicus, approaching  the  urachus  above  the  summit  of  the  bladder. 
Behind  and  above  this  cord  the  side  of  the  bladder  is  covered  with  the 
peritoneum,  but  below  and  in  front  of  it  the  peritoneum  does  not  reach 
the  bladder,  which  is  here  connected  to  the  sides  of  the  pelvic  cavity 
by  loose  areolar  tissue  containing  fat,  and,  near  its  anterior  and  lower 
part,  by  the  broad  expansion  from  the  recto-vesical  fascia,  forming 
the  lateral  true  ligament.  The  vas  deferens  crosses  obliquely  the  lower 
part  of  this  lateral  surface,  from  before  backwards  and  downwards,  and 
turning  over  the  obliterated  hypogastric  artery,  descends  upon  the  inner 
side  of  the  ureter,  along  the  posterior  surface,  to  the  base  of  the  bladder. 

The  l)a&e  or  fundus  (fig.  305)  (inferior  fundus)  is  the  widest  part  of 
the  bladder.  It  is  directed  backwards  as  well  as  downwards,  and  differs 
according  to  the  sex  in  its  relations  to  other  parts.     In  the  male  it  rests 


Pig.   305.— Base    of    the    Male  Fig.  322. 

Bladder  with  the  Vesicul.e 
Seminales,  Vasa  Deferentia, 
AND  Prostate  exposed  (from 
Haller).  0:ne-half  the  natur- 
al SIZE. 

«,  line  of  reflection  of  tlie  peri- 
toneum in  the  recto-vesical  pouch  ; 
h,  the  part  above  this  from  which 
the  peritoneum  has  been  removed, 
•exposing  the  longitudinal  mus- 
cular iibres  ;  i,  left  vas  deferens 
•ending  in  e,  the  left  ejaculatory 
duct  ;  s,  left  vesicula  seminalis 
joining  the  same  duct ;  the  right 
vas  deferens,  and  the  right  vesi- 
cula seminalis,  marked  s,  s,  un- 
ravelled, are  also  shown ;  ^j, 
Tinder  side  of  the  prostate  gland  ; 
»i,  small  part  of  the  membranous 
portion  of  the  urethra  ;  u,  u,  the 
irreters,  of  which  the  right  is 
turned  to  the  side . 

upon  the  second  portion  of 

the  rectum,  and  is  covered 

posteriorly  for  a  short  space 

by  the  peritoneum,  which,   however,   is  immediately  reflected  from 

thence   upon  the  rectum,  so  as   to  form   the   recto-vesical  pouch  (fig. 

304,  r).     In  front  of  the  line  of  reflection  of  the  serous  membrane,  the 

*  Yirchow's  Archiv,  1862,  and  Anat.  d.  Mensch.,  vol.  ii.  p.  229. 
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base  of  the  bladder  is  destitute  of  peritoneum,  and  adherent  to  the  rectum, 
b}^  dense  fibro-areolar  tissue  over  tl>e  extent  of  a  triangular  area  bounded 
at  the  sides  by  the  vasa  deferentia  and  vesiculse  seminales  (fig.  305,  s,  s), 
whilst  its  apex  in  front  reaches  the  prostate  gland  (p).  It  is  in  this 
space,  Avhich  in  the  natural  state  of  the  parts  is  by  no  means  so  large  as 
it  appears  after  they  are  disturbed  in  dissection,  that  the  bladder  may  be 
punct-ured  from  the  rectum  without  injury  to  the  peritoneum.  In  the 
female,  the  base  of  the  bladder  is  of  less  extent,  and  does  not  reach  so 
far  back  in  the  pelvis  as  in  the  male  :  for  it  rests  against  the  front 
of  the  neck  of  the  uterus  and  the  anterior  wall  of  the  vagina,  both  of 
■which  organs  intervene  between  it  and  the  rectum.  This  part  of  the 
bladder  adheres  to  the  vagina,  and  above  that  adhesion  the  peritoneum 
form^s  a  pouch  between  it  and  the  uterus,  much  shallower  than  the  recto- 
vesical pouch  of  the  male. 

The  cervix  or  necJo  of  the  bladder  is  a  term  commonly  applied  to  the 
part  of  the  bladder  at  which  the  cavity  terminates  in  the  urethra,  and 
is  often  indefinitely  used,  so  as  to  include  a  considerable  portion  either 
of  the  bladder  or  urethra.  It  may  be  conveniently  retained  to  denote 
the  region  of  the  immediate  neighbourhood  of  the  urethral  orifice.  It 
is  the  most  strongly  muscular  part  of  the  bladder,  and  in  the  male  it  is 
closely  connected  with  the  base  of  the  prostate  gland,  by  which  it  is 
supported.  It  was  formerly  described  as  an  iniundibular  projection, 
but,  as  pointed  out  by  Ivohlrausch,  no  such  arrangement  exists.  The 
urethral  orifice  is  in  both  sexes  the  part  of  the  bladder  which  in  the 
erect  posture  is  lowest ;  it  lies  at  the  angle  of  meeting  of  the  base  and 
the  anterior  surface. 

It  was  formerly  believed  that  the  base  was  the  lowest  part  of  the  bladder  in 
the  adult  male,  and  hence  the  origin  of  the  term.  The  inferior  position  of  the 
urethral  orifice  Avas  supposed  to  be  peculiar  to  women  and  children.  The  more 
coiTect  views,  however,  now  entertained  with  respect  to  the  inclination  of  the 
pelvis  have  led  to  altered  notions  of  the  relative  elevation  of  the  pelvic 
viscera.  A  consideration  of  the  folio-wing-  cii-cumstances  will  contribute  to 
an  accurate  conception  of  the  position  of  the  vesical  outlet.  The  sjanphysis 
pubis  is  placed  very  obliquely  ;  the  ischial  tuberosities  are  little  lower  than  the 
inferior  margin  of  the  symphysis  pubis,  and  the  triangular  ligament  is  therefore 
almost  horizontal  ;  the  lower  part  of  the  sacrum  and  the  coccyx  are  nearly 
vertical,  being  only  slightly  curved  forwards,  and  the  tip  of  the  coccyx  is  on  a 
somewhat  higher  level  than  the  inferior  margin  of  the  symphysis  iKibis  ;  the  curve 
and  j)osition  of  the  rectum  are  determined  by  those  of  the  sacrum  and  coccyx 
until  it  passes  in  front  of  the  coccyx,  when  it  turns  vertically  downwards  ;  the 
prostate  gland,  situated  entirely  on  the  upper  or  interior  side  of  the  triangular 
ligament,  rests  on  the  last  turn  of  the  rectum,  and  the  base  of  the  bladder  is  in 
contact  with  the  rectum  above  that  place. 

Ligaments  of  the  bladder. — The  tnie  ligaments  of  the  bladder, 
four  in  number,  two  anterior  and  two  lateral,  all  derived  from  the 
vesical  portion  of  the  recto-vesical  fascia,  have  been  already  noticed. 

ThQ  false  ligaments  ov  ^jeritoneal  folds  are  described  as  five  in  number. 
Two  of  them,  named  posterior  false  ligaments  or  recto-vesical  folds,  run 
forwards  in  the  male  along  the  sides  of  the  rectum  to  the  posterior  and 
lateral  aspect  of  the  bladder,  and  bound  the  sides  of  the  recto-vesical 
cul-de-sac.  In  the  female  these  posterior  folds  pass  forwards  from  the 
sides  of  the  uterus,  and  are  comparatively  small.  The  two  lateral  false 
ligaments  extend  from  the  iliac  fossEe  to  the  sides  of  the  bladder,  each 
separated  from  the  corresponding  posterior  ligament  by  a  prominent 
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angle  in  "which  the  obliterated  hypogastric  artery  lies.  The  siqwior 
false  ligament  (ligamentnm  suspensorium)  is  the  portion  of  peritoneum 
betv/een  the  ascending  parts  of  the  epigastric  arteries,  and  reaches 
from  the  summit  of  the  bladder  to  the  umbilicus. 

Interior  cf  the  Madder. — On  opening  the  bladder,  its  internal 
surface  is  found  to  be  lined  by  a  smooth  membrane,  ^vhich  is  compara- 
tively loosely  attached  to  the  other  coats,  so  that  in  the  empty  con- 
dition of  the  organ  it  is  nearly  eyerywhere  thrown  into  small  Avrinkles 
or  vugse,  which  disappear  as  soon  as  the  bladder  is  distended.  Besides 
these,  the  interior  of  the  bladder  is  often  marked  by  reticular  elevations 
or  ridges,  corresponding  with  fasciculi  of  the  muscular  coat. 

At  the  lower  and  anterior  part  of  the  bladder  is  seen  the  orifice 
leading  into  the  urethra,  around  which  the  mucous  membrane  is  corru- 
gated longitudinally.  Immediately  behind  the  urethral  opening,  at 
the  anterior  part  of  the  fundus,  is  a  smooth  triangular  surface^ 
having  its  apex  turned  forwards,  which,  owing  to  the  firmer  adhesion 
of  the  mucous  membrane  to  the  subjacent  tissues,  never  presents  any 
rugse,  even  when  the  bladder  is  empty.  This  surface  is  named  the 
trigone  (trigonum  vesicae,  Lieutaud)  ;  at  its  posterior  angles  are  the 
orifices  of  the  two  ureters,  situated  about  an  inch  and  a  half  from  each 
other,  and  nearly  the  same  distance  from  the  anterior  angle,  where  the 
bladder  opens  into  the  urethra. 

The  orifices  of  the  ureters,  presenting  the  appearance  of  oval  slits, 
are  directed  obliquely  forwards  and  inwards  :  they  are  united  by  a 
curved  elevation,  convex  forwards,  which  extends  generally  outwards  and 
backwards  beyond  them,  and  which  corresponds  in  position  wath  a 
muscular  band  which  joins  them  together  and  to  the  neck  of  the 
bladder.  Proceeding  forwards  from  opposite  the  middle  of  this,  is 
another  slight  elevation  of  the  mucous  surface,  named  the  vvula  veskcc 
(luette  vesicale),  which  projects  from  below  into  the  urethral  orifice. 
In  the  female,  the  trigone  is  small,  and  the  uvula  indistinct.  In  the 
male  the  uvula  lies  a  little  in  advance  of  the  middle  lobe  of  the 
prostate,  and  is  sometimes  prolonged  on  the  floor  of  the  prostatic  portion 
of  the  urethra.  It  is  produced  by  a  thickening  of  the  submucous  tissue. 
In  its  natural  state  this  may  contribute  to  the  more  perfect  closure  of 
the  orifice  of  the  bladder  ;  when  enlarged  by  disease  it  frequently  pro- 
duces serious  obstruction  at  the  commencement  of  the  urethra. 

STRUCTURE  OF  THE  BLADDER. 

The  bladder  is  composed  of  a  serovs,  a  muscular,  and  a  mucous  coat, 
united  together  by  areolar  tissue,  and  supplied  with  numerous  blood- 
vessels and  nerves. 

The  serous  cr  peritoneal  coat  is  a  partial  covering,  investing  only 
the  posterior  and  upper  half  of  the  bladder,  and  reflected  from  it  upon 
the  surrounding  parts  in  the  manner  already  described  in  detail. 

The  muscular  coat  consists  of  unstriped  muscular  fibres,  so  ar- 
ranged as  to  warrant  the  usual  description  of  them  as  forming  layers, 
the  outer  of  which  consists  of  bundles  of  fibres  more  or  less  longitudinal, 
and  the  next  of  fibres  more  circular  in  disposition  ;  while  beneath  this,  is 
another  delicate  longitudinal  layer  more  recently  recognised. 

The  external  or  Jonciitmlinal  fibres,  (fig.  306,  J.,  a,  B,  i,  and  fig.  307) 
are  most  distinctly  marked  on  the  anterior  and  posterior  surfaces 
of  the  bladder.      Commencing  in  front  at  the  neck  of  the  organ. 
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from  thepubes  in  both  sexes  (musculi  pubo-vesicales),  and,  in  the  male, 
from  the  adjoining  part  of  the  prostate  gland,  they  may  be  traced 
upwards  along  the  anterior  surface  to  the  summit  of  the  bladder  ;  and 
they  may  likewise  be  followed  down  over  the  posterior  surface  and  base 
to  the  under  part  of  the  neck  of  the  bladder,  where  they  become  at- 
tached to  the  prostate  in  the  male,  and  to  the  front  of  the  vagina  in  the 

Fi£?.  306. 


Fig.  306,  A. — YiE',v  of  the  Muscular  Fibres  of  tde  Bladder  from  before  (Allen 
Tliomson,  after  Pettigrew).      ^ 

On  the  right  side  the  superficial  fibres  are  shown  ;  on  the  left  the  deep  or  circular 
fibres  chiefly  are  displayed,  a,  on  the  right  side,  the  median  and  most  superficial 
bands  of  the  longitudinal  fibres,  in  which  a  slight  decussation  of  fibres  is  seen  ;  a,  those 
diverging  somewhat  ;  a!',  the  lowest,  which  pass  much  more  obliquely  ;  the  attachment 
of  the  longitudinal  fibres  to  the  prostate  is  shown  ;  on  the  left  side  c,  the  upper, 
c',  the  middle,  c",  the  lowest  set  of  circular  or  deeper  fibres  ;  at  s,  the  thickest  and 
most  transverse  sets  of  these  fibres  forming  the  sphincter  ;  j3,  half  the  prostate  left 
on  the  right  side,  the  left  having  been  removed  ;  u,  the  urachus,  into  which  some  of 
the  longitudinal  fibres  are  seen  prolonged. 


Fig. 


306,  B. — View  of  the  Muscular  Fibres  of  the  Bladder  from  behind 
(Allen  Thomson,  after  Pettigrew).      g 


On  the  right  side  the  superficial  fibres  are  displayed  ;  on  the  left  the  deeper  fibres  of 
the  same  kind  or  intermediate  fibres,  and  some  of  the  circular  fibres  ;  h,  b,  the  median, 
most  superficial  and  strongest  bands  of  longitudinal  fibres  on  the  right  side  ;  h',  the 
more  diverging  set  of  fibres  near  the  middle  of  the  bladder  ;  b",  the  most  divergent 
fibres  which  surround  the  entrance  of  the  ureters  ;  on  the  left  side,  c,  c',  and  c",  indicate 
the  deeper  circular  fibres  passing  round  at  various  levels  and  ci'ossing  with  the  deeper 
diverging  fibres  posteriorly ;  s,  the  most  transverse  fibres  at  the  neck  forming  the 
sphincter  ;  u,  the  urachus  ;  ur,  the  ureters  ;  the  left  half  of  the  prostate  has'  been  re- 
moved to  show  the  sphincter  ;  v,  part  of  the  right  vas  deferens  and  vesicula  seminalis. 

female.  Upon  the  sides  the  superficial  fasciculi  run  more  or  less 
obliquely,  and  often  intersect  one  another  :  in  the  male  they  reach  the 
prostate.  At  the  summit  a  few  are  continued  along  the  urachus  (fig. 
o06,  ti).  The  longitudinal  fibres  taken  together,  constitute  what  has 
been  named  the  detrusor  urince  muscle. 

The  so-called  circular  fibres  (fig.  306,  c,  c',  c")  form  a  thin  and  some- 
what irregular  reticulated  layer  distributed  over  the  body  of  the  bkdder, 
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havinpr  yarious  appearances  in  different  bladders.  Their  course  may  in 
general  be  looked  upon  as  transverse,  but  for  the  most  part  throughout 
the  upper  two-thirds  of  the  bladder  they  cross  one  another  in  very  oblique 
bands  :  towards  the  lower  part  of  the  organ  they  assume  a  more  circular 
course,  and  upon  the  fundus  and  trigone  form  a  tolerably  regular  layer. 
Close  to  and  around  the  cervix,  in  immediate  connection  with  the  pro- 
state in  the  male,  they  densely  encircle  the  orifice  and  constitute  what 
has  been  named  the  sjjhincter  resiecc,v;hich,  however,  is  not  distinct  from 
the  other  fibres. 

The  third  stratum  of  fibres,  still  more  deeply  situated,  and  which 
might  be  termed  internal  longitudinal,  was  first  described  by  Ellis,  who 


Fig.  307. — View  of  the  Muscular 
Fibres  of  the  Bladder  from  the 
LEFT  Side  (Allen  Thomson,  after  Petti- 
grew).        I 

The  anterior  and  posterior  superficial 
fibres  are  seen  running  from  below  up- 
"warcls,  crossing  each  other  by  their  diver- 
gence on  the  sides  of  the  bladder,  and  are 
indicated  by  the  same  letters  as  in  the 
preceding  figures  ;  at  c,  a  portion  of  the 
anterior  longitudinal  fibres  has  been  re- 
moved so  as  to  expose  the  deeper  circular 
fibres. 

distinguished  it  as  "  submucous." 
It  is  very  delicate,  and  its  fibres, 
directed  longitudinally,  are  dis- 
posed in  a  regular  manner  round 
the  cavity  of  the  bladder. 


Fig.  307. 


The  muscular  coat  of  the  bladder  fomis  so  irregular  a  covering',  tliat,  when  tlie 
organ  is  much  distended,  intervals  arise  in  ■\vhicla  the  walls  are  very  thin  ;  and, 
should  the  internal  or  mucous  lining  protrude  in  any  spot  through  the  muscular 
bundles,  a  sort  of  hernia  is  produced,  which  may  go  on  increasing,  so  as  to  form 
what  is  called  a  vesical  sacculus,  or  appendix  vesica-,  the  bladder  thus  affected 
being  teimed  sacculated.  Hj'pertrophy  of  the  muscular  fasciculi,  v.diich  is  liable 
to  occur  in  strictui'e  of  the  urethra  or  other  affections  impeding  the  issue  of  the 
urine,  gives  rise  to  that  condition  named  the  fasciculated  bladder,  in  which,  the 
interior  of  the  organ  is  marked  by  strong  reticulated  ridges  or  columns,  with, 
intervening  depressions. 

On  the  muscular  aiTangements  of  the  bladder,  see  Ellis,  in  Trans.  Med.  Chir. 
Society,  18.56,  and  Demonstrations  of  Anatomy  ;  Pettigrew,  in  Phil.  Trans,  for 
1866  ;  Sabatier,  Rech.  Anat.  et  Phys.  sur  les  Apx^areils  musculaii'es  correspondants 
a  la  vessie  et  a  la  prostate  dans  les  deux  sexes,  1864. 

ISText  to  the  muscular  coat,  between  it  and  the  mucous  membrane,  but 
much  more  intimately  connected  with  the  latter,  is  a  well-marked  layer 
of  areolar  tissue,  the  vascular  or  subniucoxis  coat.  This  submucous 
areolar  layer  contains  a  large  quantity  of  very  fine  coiled  fibres  of  elastic 
tissue. 

The  nmcons  meiubrajie  of  the  bladder  is  soft,  smooth,  and  of  a  pale 
rose  colour.  It  is  continuous  above  with  the  lining  membrane  of  the 
ureters  and  kidneys,  and  below  with  that  of  the  urethra.  It  adheres 
loosely  to  the  muscular  tissue,  and  is  thus  liable  to  be  tln'own  into 
wrinkles,  except  at  the  trigone,  where  it  is  always  more  even.     It  is 
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covered  with  a  stratified  epitlielium,  which  is  composed  of  three  layers 
of  cells.  Of  these,  those  forming  the  middle  layer  are  pyriform  (fig. 
308,  b),  the  tipper  end  being  rounded  ;  whilst  the  lower  end  of  each  cell 
is  prolonged  down  to  tlie  cerium,  between  small,  rounded  or  irregular  cells 
forming  the  lowermost  layer.  The  cells  of  the  superficial  stratum  (a) 
are  large  and  flattened  (more  so  in  some  animals  than  in  man),  cover- 
ing one,  two,  or  more  of  the  pyriform  cells,  over  which  their  lower 
surface  is  as  it  were  moulded,  presenting  well-marked  depressions  (\vith 

Fig.  308 


Fig.  303. — Epithelial  Cells  fi;03i  Bladder  of  Rabbit.     About  500  diameteks. 

(Klein.) 
a,  large  flattened  cell  from  the  superficial  layer,  with  two  nuclei,   and  with  strongly 
marked  ridges  and  intervening  depressions  on  its  under  surface  ;  5,  pear-shaped  cells 
from  the  second  layer  ;  c,  showing  the  manner  in  which  the  pyriform  cells  are  adapted 
to  the  depressions  of  the  superficial  cells. 

intervening  ridges),  into  which  the  rounded  ends  of  the  pyriform  cells 
fit  (c).  These  large  flattened  cells  have  frequently  more  than  one 
nucleus.  There  are  no  villi  upon  the  vesical  mucous  membrane,  but  it 
is  provided  with  minute  recesses  and  with  small  racemose  glands  lined 
with  columnar  epithelium,  which  are  most  abundant  in  the  vicinity  of 
the  neck  of  the  bladder. 

Vessels. — The  svjycy'ior  vesical  arteries  proceed  from  the  remaining  pei'vious 
portions  of  the  hj^ogastric  arteries  ;  in  the  adult  they  appear  as  direct  branches 
of  the  internal  iliac.  The  inferior  vesical  arteries  are  usually  derived  from  the 
anterior  division  of  the  internal  iliac.  In  the  female  the  uterine  arteries  also 
send  branches  to  the  bladder.  The  neck  and  base  of  the  organ  appear  to  be  the 
most  vascular  portions.  The  veins  form  large  plexuses  around  the  neck,  sides, 
and  base  of  the  bladder  ;  they  eventually  pass  into  the  internal  iliac  veins.  The 
lymjJhatics  follow  a  similar  course. 

The  nerves  are  derived  partly  from  the  hypogastric  plexus  of  the  sympathetic, 
and  partly  from  the  sacral  plexus  of  the  cerebro-spinal  system.     The  foxmer  are 
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said  to  be  chiefly  distributed  to  the  upper  part  of  the  bladder,  whilst  the  spinal 
nerves  may  be  traced  more  directly  to  its  neck  and  base.  According-  to  Kisseleer, 
the  nerves  form  a  network  immediately  under  the  epithelium,  from  which 
filaments  pass  amongst  the  epithelium  cells.  Gang-liated  plexuses  of  nerves 
accompany  the  blood-vessels,  and  send  branches  both  to  these  and  to  the  muscular 
coat  of  the  bladder  (F.  Darwin), 

THE   URETHRA. 

The  urethra  is  a  membranous  tube  directed  in  the  median  line  first 
Tcrtically  and  then  from  behind  forwards,  beneath  the  arch  of  the 
pubes,  in  which  situation  it  opens  in  the  female  into  the  vulva,  while  in 
the  male  it  is  enclosed  in  the  corpus  spongiosum,  and  prolonged  beneath 
the  corpora  cavernosa  penis.  In  the  female,  it  serves  simply  as  the 
excretory  passage  for  the  urine ;  in  the  male,  it  conducts  also  the 
seminal  fluid.  The  detailed  anatomy  of  the  male  and  female  urethra 
will  be  given  with  that  of  the  organs  of  generation  of  the  respective 
sexes. 


EEPEODUCTIVE    OKGANS. 

I.  IN  THE  MALE  SEX. 

Under  this  head  are  included — 1,  the  testes  or  reproductive  glandSe 
with  their  excretory  apparatus,  and  their  integumental  and  other  cover- 
ings in  the  scrotum;  and,  2,  the  uro-genital  canal  or  urethra,  together 
with  certain  accessory  parts,  such  as  the  prostate  and  Cowper's  glands. 
The  second  group  of  these  organs,  being  most  nearly  related  to 
those  which  have  gone  before,  will  be  first  described.  They  are  all 
closely  connected  with  the  urethra,  which  in  the  male  is  at  once 
the  outlet  for  the  urine  from  the  bladder  and  the  products  of  secre- 
tion from  the  sexual  glands.  This  canal,  extending  from  the  neck 
of  the  bladder  to  the  extremity  of  the  penis,  is  surrounded  in  its 
first  part  by  the  prostate  gland,  and  there  receives  the  excretory  ducts 
of  the  testicles  and  vesiculffi  seminales  ;  its  second  part  passes  through 
the  triangular  ligament  of  the  perineum  ;  the  canal  is  then  surrounded 
by  the  bulb  and  cylindrical  part  of  the  spongy  body  as  it  passes  along  the 
perineum  and  penis,  and  lastly  it  goes  through  the  glans  of  that  organ. 

THE   PSOSTATE    GIjAI3"D. 

The  p'ostate  gJand  is  a  firm,  glandular,  and  muscular  body,  some- 
what resembling  a  chestnut  in  shape  and  size,  which  adjoins  the  neck 
of  the  bladder,  and  encloses  the  first  part  of  the  urethra  :  it  is  placed  in 
the  pelvic  cavity,  on  the  inner  aspect  of  the  subpubic  fascia,  and  rests 
posteriorly  upon  the  rectum.  Its  form  may  be  compared  to  that  of  a 
short  cone  flattened  anteriorly,  with  its  base  in  contact  with  the 
bladder,  and  cut  obliquely,  so  that  its  posterior  or  rectal  surface  is 
larger  than  its  anterior  or  pubic  surface.  It  usually  measures  about  an 
inch  and  a  half  across  at  its  widest  part,  an  inch  and  a  quarter  from  its 
base  to  its  apex,  and  nearly  an  inch  in  depth  or  thickness.  Its  ordi- 
nary weight  is  about  sis  drachms. 

The  anterior  or  pubic  surface  of  the  prostate  is  flattened  and  marked 
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•with   a   slight    longitudinal    farrow  ;    it  is   about    half  an   inch   or 
rather  more  from  the  pubic  symphysis,  and  there,  as  "U'ell  as  at  the 


Fig.  309.  Fig.  309. — TRA^^svEI^SE  Section    of  the  Pro- 

state GIiA^'D  THROUGH  THE  MiDliLE.       (A.T.) 

u,  the  urethra  into  which  the  eminence  of  the 
caput  gallinaginis  rises  from  below  ;  s,  the  sinus  or 
utricle  cut  through  ;  d  c,  the  ejaculatory  ducts  ; 
m,  superiorly,  the  deep  sphincter  muscular  fibres  ; 
m.,  lower  down,  intersecting  muscular  bands  in 
the  lateral  lobes  of  the  prostate  ;  p,  p,  glandular 
substance. 

sides,  the  gland  is  connected  to  the  pubic 
arch  by  the  reflexion  of  ths  pelvic 
fascia,  which  forms  the  pubo-prostatic  ligrnnents  or  anterior  ligaments  of 
the  bladder.  The  posterior  or  rectal  surface  is  smooth,  and  is  marked 
by  a  slight  depression,  or  by  two  grooves,  which  meet  in  front,  and 
correspond  with  the  course  of  the  seminal  ducts,  as  well  as  mark  the 
limits  of  the  lateral  lobes  in  this  situation :    it  is  in  close  apposition 


Fi-.   310. 


Fig.  310.  —Longitudinal  Median  Section  of  the  lotter  part  op  the  Bladder 
AND  Prostate  Gland  (after  E.  H.  Weber). 

V,  inner  surface  of  the  urinary  bladder  ;  u  r,  opening  of  the  right  ureter,  from  which 
:a  slight  elevation  runs  down  to  the  neck  of  the  bladder  ;  p,  fore  part  of  the  prostate  ;  ^j', 
the  so-called  middle  lobe;  p" ,  the  right  lateral  lobe;  u,  the  utricle;  d,  the  right 
■ejaculatory  duct  ;  v  d,  vas  deferens  ;  v  s,  vesicula  seminalis. 


"with  the  rectum,  immediately  in  front  of  the  bend  from  the  middle  to 
the  lower  or  anal  part  of  that  viscus,  where  the  surface  and  posterior 
border  of  the  gland  can  be  felt  by  the  finger  introduced  into  the  intes- 
tine. The  sides  are  convex  and  prominent,  and  are  covered  by  the 
anterior  portions  of  the  levatores  ani  muscles,  which  pass  back  on  each. 
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side,  from  the  symphysis  pubis  and  anterior  ligament  of  the  bladder, 
and  embrace  the  sides  of  the  jirostate.  This  part  of  each  levator  ani 
is  occasionally  separated  from  the  rest  of  the  muscle  by  areolar  tissue, 
and  has  been  named  levator  prosfatm.  The  base  of  the  gland  is  of 
considerable  thickness,  and  is  notched  in  the  middle  :  its  apex  is  turned 
towards  the  triangular  ligament.  As  already  stated,  the  prostate  en- 
closes the  first  part  of  the  urethra.  The  canal  runs  nearer  to  the  anterior 
than  to  the  posterior  surface  of  the  gland,  so  that  in  general  it  is  about 
three  lines  distant  from  the  former  and  four  or  five  from  the  latter ; 
but  it  frequently  varies  greatly  in  this  respect.  The  prostatic  portion, 
of  the  urethra  is  about  an  inch  and  a  quarter  long,  and  is  dilated  in 
the  middle  ;  it  contains  the  colliculus  seminalis  and  the  openings  of 
the  seminal  and  prostatic  ducts,  as  will  be  afterwards  more  particu- 
larly described.  The  common  or  ejaculatory  seminal  ducts,  which  pass 
forwards  from  the  vesicalas  seminales,  also  traverse  the  lower  part  of 
the  prostate,  enclosed  in  a  special  hollow  part  of  the  gland,  and  open 
into  the  urethra;  and  in  the  middle,  close  in  front  of  these,  is  the 
prostatic  utricle. 

This  gland  is  usually  described  as  consisting  of  three  lobes,  two  or 
which,  placed  laterally,  and  meeting  behind  in  the  posterior  notch,  and 
continuous  in  front  of  the  urethra,  are  of  equal  size  ;  the  third,  or 
middle  lobe,  is  a  smaller  pyriform  or  three-sided  mass,  intimately 
connected  with  the  other  two,  and  fitted  in  between  them  and  the  neck 
of  the  bladder  and  adjacent  part  of  the  urethra.  When  prominent  it 
corresponds  to  the  elevation  in  the  urinary  bladder  called  uvula.  The 
separation  between  the  lobes  of  the  prostate,  which  is  little  marked 
in  the  natural  state,  becomes  often  much  more  apparent  in  disease. 

Structure. — The  prostate  gland  is  covered  externally  by  a  dense 
fibrous  ccat,  which  is  continuous  with  the  recto-vesical  fascia,  and  with 
the  posterior  layer  of  the  triangular  ligament.  Adams  describes  the 
fibrous  capsule  as  divisible  into  two  layers,  between  which  the  pro- 
static plexus  of  veins  is  enclosed.  The  glandular  substance  is  asso- 
ciated with  a  large  quantity  of  plain  muscular  tissue,  which  forms 
the  principal  part  of  the  stroma  of  the  organ.  This  muscular  tissue 
forms  an  external  layer  below  the  fibrous  capsule,  and  extends  every- 
where through  the  glandular  substance  :  there  is  also  a  strong  layer 
of  circular  fibres  continuous  posteriorly  with  the  sphincter  vesica3, 
and  in  front  with  the  thin  layer  surrounding  the  membranous  part 
cf  the  urethra.  The  part  of  the  prostate  in  front  of  the  urethra  is 
almost  entirely  muscular,  and  in  the  hinder  part  the  muscular  sub- 
stance is  in  greatest  quantity  near  the  bladder.  The  glandular  sub- 
stance is  spongy  and  yielding  ;  its  colour  is  reddish  grey,  or  sometimes 
of  a  brownish  hue.  It  consists  of  numerous  small  saccules,  or  terminal 
vesicles,  opening  into  elongated  tubes,  which  unite  into  a  smaller 
number  of  excretory  ducts.  The  epithelium  is  columnar  both  in  the 
vesicular  terminations  and  in  the  canals.  In  the  upper  part  of  the 
gland  the  acini  are  small  and  hemispherical ;  in  the  middle  and  lower 
parts  the  tubes  are  longer  and  convoluted  at  their  ends.  The  capillary 
blood-vessels  spread  out  as  in  other  similar  glands  on  the  ducts  and 
clusters  of  vesicles,  and  the  different  glandular  elements  are  united  by 
areolar  tissue,  and  supported  by  processes  of  the  deep  layer  of  the 
fibrous  capsule  and  muscular  stroma.  The  ducts  open  by  from  twelve 
to  twenty  or  more  orifices  upon  the  floor  of  the  urethra,  chiefly  in  th.Q 
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hollow  on  each  side  of  the  coUicuhis  seminalis.     (Adams,  Cj'clop.  of 
Anat.  vol.  iv.,  p.  147.) 

"Vessels  and  Uerves. — The  prostate  is  supplied  by  branches  of  the 
vesical,  htemorrhoidal,  and  pudic  arteries.  Its  veins  form  a  plexus 
embedded  in  the  fibrous  covering  round  the  sides  and  base  of  the  gland, 
\vhich  is  highly  developed  in  old  subjects.  These  veins  communicate 
in  front  with  the  dorsal  vein  of  the  penis,  and  behind  with  branches  of 
the  internal  iliac  vein.  According  to  Adams,  the  lymphatics,  like  the 
veins,  are  seen  ramifying  between  the  two  layers  of  the  fibrous  capsule. 
The  nerves,  which  are  derived  from  the  hypogastric  plexus,  consist  of 
both  meduUated  and  non-medullated  fibres,  and  are  interspersed  with 
single  or  small  heaps  of  ganglionic  cells.  Pacinian  bodies  have  also 
been  observed  on  the  superficial  nerves.  (Klein  in  Strieker's  Hand- 
buch.) 

Prostatic  fiuid.— This  is  mixed  with  the  seminal  fluid  during-  emission  ;  as 
obtained  from  the  human  prostate  soon  after  death,  it  has  a  milky  aspect,  which 
is  ascribed  by  Adams  to  the  admixture  of  a  large  number  of  epithelial  cells,  and 
he  thinks  it  probable  that,  as  discharged  during  life,  it  is  more  transparent. 
According  to  the  same  observer,  the  prostatic  fluid  has  an  acid  reaction,  and 
presents,  under  the  microscope,  numerous  molecules,  epithelial  particles  both 
squamous  and  columnar,  and  granular  nuclei  about  Jgg  inch  in  diameter.  As 
age  advances,  when  this  gland  is  disposed  to  become  enlarged,  its  ducts  often 
contain  small  round  concretions  of  laminated  appearance,  and  varying  from  a 
small  size  up  to  that  of  a  millet  seed  ;  they  sometimes  contain  carbonate  of  lime, 
but  are  principally  composed  of  animal  matter,  which  in  some  of  them  appears 
to  be  entirely  amyla-^eous,  in  others  albuminous,  and  more  frequently  is  of  a  mixed 
character.     (Yirchow's  Cellular  Pathology,  by  Chance,  p.  369.) 


THE   PENIS. 

The  penis,  which  supports  the  greater  part  of  the  urethra  in  the  male, 
is  composed  principally  of  an  erectile  tissue,  arranged  in  three  long 
somewhat  cylindrical  masses,  which  are  enclosed  in  fibrous  sheaths,  and 
are  united  together  so  as  to  form  a  three-sided  prism  which  receives  a 
covering  from  the  general  integument.  Of  these  masses,  two,  named 
cor-pora  cavernosa  iienis,  placed  side  by  side,  form  the  principal  part  of 
the  organ,  whilst  the  other,  situated  beneath  the  two  preceding,  sur- 
rounds the  canal  of  the  urethra,  and  is  named  corpus  cavernosimi  iirethrcc- 
or  corpus  spongiosum. 

The  penis  is  attached  at  its  root  to  the  symphysis  of  the  pubes,  and 
to  the  pubic  arch  ;  in  front  it  ends  in  an  enlargement  named  the  glans, 
which  is  structurally  similar  to  and  continuous  with  the  corpus  spongi- 
osum. The  intermediate  portion  or  lody  of  the  penis,  owing  to  the 
manner  in  which  its  three  component  parts  are  united  together,  has  three 
somewhat  flattened  sides  and  three  rounded  borders  :  the  upper  and 
anterior  side  is  named  the  dorsum.  The  glans  penis,  which  is  slightly 
compressed  above  and  below,  presents  at  its  extremity  a  vertical  fissure 
forming  the  external  orifice  of  the  urethra;  its  base,  which  is  wider  than 
the  body  of  the  penis,  is  hollo  wed  out  to  receive  the  narrowing  extremities 
of  the  corpora  cavernosa  ;  its  border  is  rounded  and  projecting,  and  is 
named  the  corona  glandis,  behind  which  is  a  constriction  of  the  penis 
named  the  cervix.  The  median  fold  of  integument  attaching  the  glans 
below  the  urethral  orifice  to  the  inferior  border  of  the  penis  is  named  the 
frccnum  of  the  prepuce." 
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The  Integuments. — The  integument  of  the  penis,  which  is  con- 
tinued from  that  of  the  pubes  and  scrotum,  forms  a  simple  investment 
as  far  as  the  neck  of  the  glans.  At  this  part  it  leaves  the  surface  and  is 
doubled  up  in  a  loose  cylindrical  fold,  constituting  the  prepuce  or  fore- 
skin. The  inner  layer  of  this  fold  returns  to  the  penis  behind  the  cervix, 
where  it  is  firmly  attached  ;  and  from  thence  the  integument,  becoming 
again  adherent,  is  continued  forwards  over  the  corona  and  glans,  as  far 
as  the  orifice  of  the  urethra,  where  it  meets  with  the  mucous  membrane 
of  the  urethra.  Upon  the  body  of  the  penis  the  skin  is  thin,  free  from 
fat,  and,  in  the  anterior  two-thirds  of  its  length,  from  hairs  also  ;  in 
these  respects  differing  remarkably  from  that  on  the  i3ubes,  which  is 
thick,  covers  a  large  cushion  of  fat,  and,  after  puberty,  is  beset  with 
hairs  :  the  skin  of  the  penis  is  moreover  very  movable  and  distensible, 
and  is  of  a  darker  colour  than  that  of  the  neighbouring  parts.  At  the 
free  margin  of  the  prepuce  the  integument  changes  its  character,  and 
ar;:'! roaches  to  that  of  a  mucous  membrane,  being  red,  thin,  and  moist. 
Is'Umerous  sebaceous  glands  are  collected  round  the  cervix  of  the  penis 
and  corona  glandis ;  they  are  named  the  glands  of  Tyson,  or  glandulse 
odorifer£e,  their  secretion  having  a  peculiar  odour. 

Upon  the  surface  of  the  glans  penis  the  integument  again  changes  its 
character  ;  it  ceases  to  contain  glands,  but  is  beset  with  large  papillte, 
which  are  very  vascular  and  extremely  sensitive,  and  it  adheres  most 
intimately  and  immovably  to  the  spongy  tissue  of  the  glans. 

Beneath  the  skin,  on  the  body  of  the  penis,  the  ordinary  superficial 
fascia  is  very  distinct ;  it  is  continuous  with  that  of  the  groin,  and 
also  with  the  dartos  tissue  of  the  scrotum,  j^ear  the  root  of  the 
organ  there  is  in  front  a  dense  band  of  fibro-elastic  tissue,  named  the 
suspensory  Ugcmimt,  lying  amongst  the  fibres  of  the  superficial  fascia ; 
it  is  triangular  in  form  ;  its  anterior  border  is  free,  above  it  is  connected 
with  the  fore  part  of  the  pubic  symphysis,  ai:td  below  it  runs  down  upon 
the  dorsum  of  the  penis. 

The  integuments  of  the  penis  are  supplied  with  blood  by  branches  of 
the  dorsal  artery  of  the  penis  and  external  pudic  ;  the  veins  join  the 
dorsal  and  external  pudic  veins.  Their  nerves  are  derived  from  the 
dorsal  and  anterior  superficial  perineal  brandies  of  the  pudic  nerves. 

THE     CORPOEA     OAVEEJTOBA. 

The  corpora  cavernosa  form  the  principal  part  of  the  body  of  the 
penis,  and  chiefly  determine  its  form  and  consistence  .in  the  state  of 
erection.  They  are  two  cylindrical  bodies,  placed  side  by  side,  flattened 
on  their  median  aspects,  and  closely  united  and  in  part  blended  together 
along  the  middle  line  in  the  anterior  three-fourths  of  their  length ; 
whilst  at  the  back  part,  in  contact  with  the  symphysis  pubis,  they 
separate  from  each  other  in  the  form  of  two  bulging  and  th,eji  tapering 
processes  named  crura,  which,  extending  backwards,  are  attached  to  the 
pubic  and  ischial  rami,  and  are  invested  by  the  erectcres  penis  or 
ischio-cavernosi  muscles.  The  enlarged  portion  at  the  root,  named  by 
Kobelt  the  hulb  of  the  corpora  cavernosa,  attains  a  much  greater  pro- 
portionate development  in  some  quadi'upeds  tl^an  in  man.  In  front, 
the  corpora  cavernosa  are  closely  bound  together  into  a  blunt  conical 
extremity,  which  is  covered  by  the  glans  penis  and  firmly  connected  to 
its  base  by  fibrous  tissue. 
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The  under  surface  of  the  united  cavernous  bodies  presents  a  longi- 
tudinal groove,  in  which  is  lodged  the  corpus  spongiosum,  containing 

Fig.  311.  Fig.  311. — Root  of  the  Penis  attached 

,,  to      TPIE      E.AJII      OP     THE    PuBES    AND 

Ischium  (from  Kobelt).     f 

a,  a,  accelerator  urinte  muscle  covering 
the  bulb  of  the  spongy  body  of  the  urethra, 
which  presents  at  e,  posteriorly,  a  median 
notch  ;  h,  b,  anterior  slips  of  the  muscle 
or  bulbo-cavernosi  ;  c,  c,  crura  of  the 
penis,  presenting  an  oval  dilatation  or 
bulb  of  the  corpus  cavernosum  ;  d,  d, 
erectores  penis  muscles  ;  /,  corpus  spon- 
giosum urethrse. 

the  greatest  part  of  the  canai  of 
the  urethra.  The  npper  or  an- 
terior surface  is  also  marked  with 
a  slight  median  groove  in  which 
the  dorsal  vein  of  the  penis  is 
situated,  and  near  the  root  is  at- 
tached to  the  pubes  by  the  sus- 
pensory ligament. 

Structure. — The  median  sep- 
tum between  the  two  corpora 
cavernosa  is  thick  and  complete 
near  the  root  of  the  penis  ;  but 
farther  forward  it  becomes  thin- 
ner, and  only  imperfectly  separates  their  two  cavities,  for  it  presents, 
particularly  towards  the  anterior  extremity,  numerous  clefts,  extending 
from  the  dorsal  to  the  urethral  edge,  and  admitting  of  a  free  communi- 


Fig.  312. 


Fig.  312.— Transverse  Section  of  the  Penis  in  the 
DISTENDED  STATE  (altered  from  Henle). 

The  outer  line  indicates  the  integument  sun-ounding 
the  deeper  parts  ;  the  erectile  tissue  of  the  corpora 
cavernosa  and  the  septum  pectiniforme  are  shown  in 
section  ;  it,  j^laced  on  the  section  of  the  spongy  body, 
below  the  urethra  ;  v,  the  single  dorsal  vein  ;  a,  the 
dorsal  artery,  and  n,  the  nerve,  of  one  side. 


cation  between  the  erectile  tissue  of  the  two 
sides.  From  the  direction  of  these  slits,  the 
intermediate  white  portions  of  the  septum 
resemble  somewhat  the  teeth  of  a  comb, 
and  hence  have  received  the  name  of  septum  'pediniforme. 

The  external  fibrous  investment  of  the  cavernous  structure  is  white 
and  dense,  from  half  a  line  to  a  line  thick,  and  very  strong  and  elastic. 
It  is  composed  for  the  most  part  of  longitudinal  bundles  of  shining- 
white  fibres,  with  numerous  well-developed  elastic  fibres,  enclosing  the 
two  corpora  cavernosa  in  a  common  covering  ;  and  internal  to  this,  each 
compartment  is  surrounded  by  a  layer  of  circular  fibres,  which  enter 
into  the  formation  of  the  septum. 

From  the  interior  of  the  fibrous  envelope,  and  from  the  sides  of  tho 
sentum,  numerous  lamellae,  bands,  and  cords,  composed  of  fibrous  elastic 
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and  plain  muscular  tissue,  and  named  irahecidcc,  pass  inwards,  and  run 
through  and  across  the  cavity  in  all  directions,  thus  subdividing  it  into 
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Fig,  313. — Portion  op  the 
Erectile  Tissue  op  the 
Corpus  Cavernosum  mag- 
nified, showing  the  abeo- 
lAR  Structure  and  the 
Vascular  Distribution 
(from  J.   Miiller). 

«,  a  small  artery  supported 
by  the  larger  trabeciilfB,  and 
branching  out  on  all  sides  ;  c, 
the  tendril-like  arterial  tufts 
or  helicine  arteries  of  iliiller  ; 
d,  the  areolar  structure  formed 
by  the  finer  trabecuhe. 


a  multitude  of  interstices 
occupied  by  tortuous 
veins,  and  giving  the 
entire  structure  a  spongy 
character. 

The  trabecul?e, 
whether  lamelliform  or 
cord-like,  are  larger  and 
stronger  near  the  cir- 
cumference than  along  the  centre  of  each  cavernous  bodj^,  and  they  also 
become  gradually  thicker  towards  the  crura.  The  venous  interspaces, 
conversely,  are  larger  in  the  middle  than  near  the  surface  ;  their  long 


Fig.  314. 


a. 

Fig.  314. — Erectile  Tissue  ekom  the  teripheral  part  of  the  Corpus  Gayernosum 
Penis,  magnified  with  a  low  power  (from  Frey  after  Langer). 

1,  a  and  i,  superficial  and  deeper  cortical  network  of  veins  ;  2,  a,  a,  passage  of  arterial 
rauiuscules  into  the  veins  of  the  deeper  cortical  network. 


diameter  is,  in  the  latter  situation,  placed  transversely  to  that  of  the 
penis  :  and  they  become  larger  towards  the  forepart  of  the  penis.  They 
are  lined  by  a  layer  of  flattened  epithelioid  cells  similar  to  that  lining- 
other  veins.  The  trabeculte  contain  the  ordinary  white  fibrous  tissue 
and  fine  elastic  fibres,  together  with  a  considerable  quantity  of  pale 
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muscular  fibres,  and  in  many  of  tliem  small  blood-vessels  and  nerves 
occupy  the  interior. 

The  intertrabecular  spaces  thus  form  a  labyrinth  of  intercommuni- 
cating venous  areolae  divided  by  the  trabecular  tissue,  and  opening 
freely  from  one  corpus  cavernosum  to  the  other  through  the  septum, 
especially  in  front.  The  blood  is  carried  away  from  these  spaces  by 
two  sets  of  veins,  the  one  joining  the  prostatic  plexus  and  pudendal 
veins  below  ;  the  others  passing  into  the  dorsal  vein  superioidy.  Of 
these  last  some  issue  from  between  the  corpus  cavernosum  and  the 
spongy  body  of  the  urethra,  encircling  the  penis  nearly  at  right  angles, 
while  others  pass  more  directly  into  the  dorsal  vein  from  the  upper 
surface. 

The  principal  arteries  of  the  corpora  cavernosa  are  the  cavernous 
branches  of  the  pudic  arteries  (profandge  penis),  of  the  right  and  left 
sides  ;  but  the  dorsal  artery  of  the  penis  also  sends  small  twigs 
through  the  fibrous  sheath  of  the  corpora  cavernosa,  along  the  upper 
surface,  especially  in  the  fore  part  of  the  penis.  Within  the  cavernous 
tissue,  the  numerous  branches  of  arteries  are  supported  by  the  trabecule, 
in  the  middle  of  which  they  run,  and  terminate  in  two  modes  ;  some  of 
them  subdividing  into  branches  of  capillary  minuteness  which  open  into 
the  intertrabecular  spaces ;  while  others  form  tendril-like  twigs  which 
project  into  the  spaces,  and  end  in  peculiar  curling  dilated  extremities 
to  which  attention  was  first  called  by  J.  Milller,  Avho  named  them  heli- 
cine  arteries,  and  regarded  them  as  a  special  structure  belonging  to  the 
erectile  tissue.     The  extremity  of  each  curled  dilatation  would  appear 


Fig.  315.  Fig.    315. — Hblicine   Arteries    •with 

THEIR    SHEATHS,    &c.    (from   Henle). 
Magnified  with  a  low  power. 

A  and  B,  from  the  corpus  cavernosum 
penis  ;  D,  from  the  corpus  spongiosum 
iirethrffi  ;  C,  transverse  section  of  one  of 
the  helicine  arteries  ;  in  this  and  the 
other  figures  the  smaller  lateral  pro- 
longations of  the  arterial  vessels  into  the 
sheath  are  shown  ;  *  *,  fasciculi  of  con- 
nective tissue  passing  off  from  the  sum- 
mit of  two  of  the  sheaths. 

to  be  bound  down  by  a  small 
fibrous  band,  which  according  to 
Henle  is  usually  solid,  but  is 
said  by  Kolliker  to  contain  a 
capillary  continuation  of  the 
blood-vessel.  The  helicine  ar- 
teries are  most  abundant  in  the 
posterior  part  of  the  corpora 
cavernosa,  and  are  found  in  the 
corresponding  part  of  the  corpus 
spongiosum  also  ;  but  they  have 
not  been  seen  in  the  glans  penis. 
Various  views  have  been  taken 

by  different  anatomists  of  the  nature  of  these  tufted  vascular  processes. 

The  very  full  researches  of  Langer  appear  to  show  that  they  are  nothing 
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more  than  arterial  loops  or  convolutions  thrown  into  peculiar  forms 
by  the  manner  in  which  they  are  bound  down  by  the  trabecule  in 
which  they  run.  They  are  most  distinct  in  man,  but  are  not  con- 
stant in  animals,  so  that,  whatever  maybe  their  use,  they  do  not  appear 
to  be  essential  to  the  process  of  erection. 

According  to  Langer  the  deep  arteries  of  the  corpora  cavernosa,  pene- 
trating by  the  side  of  the  septum,  and  dividing  within  the  trabeculte, 
terminate  in  the  following  several  ways  :  1st,  over  the  whole  surface  of 
the  corpora  cavernosa  and  close  to  the  fibrous  sheath  and  septum,  they 
form  by  their  division  true  capillaries  which  communicate  with  the 
deeper  cortical  venous  network  ;  2nd,  into  this  network  there  also  open 
directly  arterial  twigs  of  about  :f ^oth  of  an  inch  in  diameter,  without  any 
intermediate  capillary  division  ;  and  3rd,  arterial  vessels  of  from  -^^th  to 
g-^oth  of  an  inch  in  diameter  open,  without  the  intervention  of  capil- 
laries, into  the  larger  venous  spaces  of  the  interior.  Capillary  networks 
also  surround  the  arterial  branches  and  the  trabecute  of  the  deeper 
parts  of  the  corpora  cavernosa.  (C.  Langer,  in  Sitzungsbericht  der 
Wien.  Acad.,  vol.  xlvi.  p.  120.) 

COEPUS    SPONGIOSUM. 

The  corpus  spongiosum  urethrm  commences  in  front  of  the  triangular 
ligament  of  the  perineum,  where  it  is  placed  between  the  diverging  crura 
of  the  corpora  cavernosa,  and  somewhat  behind  their  point  of  junction. 
The  enlarged  and  rounded  posterior  extremity  is  named  the  tull,  and  is 
situated  below  the  urethra.  It  extends  forwards  as  a  cylindrical,  or 
slightly  tapering  body,  lodged  in  the  groove  on  the  under  side  of  the 
united  cavernous  bodies,  as  far  as  their  blunt  conical  anterior  extremity, 
over  which  it  expands  so  as  to  form  the  gians  penis  already  described. 
In  the  whole  of  this  extent  it  encloses  the  urethra. 

The  posterior  bulbous  part,  or  IjuTb  of  the  urethra,  varies  in  size  in 
different  subjects.  It  receives  an  investment  from  the  triangular  liga- 
ment on  which  it  rests,  and  is  embraced  by  the  accelerator  urinaj,  or 
bulbo-cavernosus  muscle.  The  posterior  extremity  of  the  bulb  exhibits, 
more  or  less  distinctly,  a  subdivision  into  two  lateral  portions  or  lobes, 
separated  by  a  slight  furrow  on  the  lower  surface,  and  by  a  slender  fibrous 
partition  within,  which  extends  for  a  short  distance  forwards  ;  in  early 
infancy  this  is  more  marked.  It  is  above  this  part  that  the  urethra, 
having  pierced  the  triangular  ligament,  enters  the  bulb,  surrounded 
obliquely  by  a  portion  of  the  spongy  tissue,  named  by  Kobelt  the  coJlir- 
culus  lulhi,  from  which  a  layer  of  venous  erectile  tissue  passes  back 
upon  the  membranous  and  prostatic  portions  of  the  urethra  to  the 
neck  of  the  bladder,  lying  closely  beneath  the  mucous  membrane.  At 
first  the  urethra  is  nearer  the  upper  than  the  lower  part  of  the  corpus 
spongiosum,  but  it  soon  gains  and  continues  to  occupy  the  middle  of 
that  body. 

Structure. — This  is  essentially  the  same  as  regards  the  vascular  part 
with  that  of  the  corpora  cavernosa,  but  with  a  much  less  quantity  of  the 
external  fibrous  and  deeper  trabecular  structure.  Like  the  corpora 
cavernosa,  it  is  distended  with  blood  during  erection,  but  never  acquires 
the  same  rigidity.  The  outer  fibrous  tunic  is  much  thinner,  is  less  white 
in  colour,  and  contains  more  elastic  tissue  ;  the  areolse  are  smaller,  and 
directed  for  the  most  part  with  their  long  diameter  in  the  line  of  that 
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of  the  penis ;  the  trabecnla;  are  finer  and  more  equal  in  size ;  and 
tlie  veins  form  a  nearly  uniform  plexus  between  them  ;  in  the  glans,  the 
meshes  of  this  plexus  are  smallest  and  most  uniform.  Plain  muscular 
fibres  immediately  surround  the  canal  of  the  urethra,  and  also  form  part 
of  the  external  coat  of  the  spongy  substance.  The  helicine  arteries  are 
found  in  the  spongy  body,  especially  towards  the  bulb,  but  not  in  the 
part  which  fonns  tbe  glans  penis.  A  considerable  artery  derived  from 
the  internal  pudic  enters  the  bulb  on  each  side,  and  supplies  the  greater 
part  of  the  spongy  body,  sending  branches  as  far  as  the  glans  penis, 
but  this  part  is  chiefly  supplied  by  branches  from  the  arteria  dorsalis. 
Besides  these,  Kobelt  describes,  as  constantly  present,  another  but  much 
smaller  branch  of  the  pudic  artery,  entering  the  bulb  on  the  upper 
surface,  about  an  inch  from  its  posterior  extremity,  and  running  forwards, 
in  the  corpus  spongiosum  to  the  glans.  It  is  only  in  the  spongy 
body  of  the  bulb  that  the  arteries  open  directly  into  the  veins  :  there 
in  part,  and  elsewhere  entirely,  it  is  by  the  intervention  of  capillaries. 
Vems  issue  from  the  glans  and  adjoining  part  of  the  spongy  body,  to  end 
in  the  vena  dorsalis  penis  ;  those  of  the  rest  of  the  spongy  body  for  the 
most  part  pass  backwards  through  the  bulb,  and  end  in  the  prostatic 
and  pudic  venous  plexuses  :  some  emerge  from  beneath  the  corpora 
cavernosa,  anastomose  with  their  veins,  and  end  partly  in  the  cutaneous 
veins  of  the  penis  and  scrotum,  and  partly  in  the  pudic  and  obturator 
veins. 

The  lymphatics  of  the  penis  form  a  dense  network  on  the  skin  of 
the  glans  and  prepuce,  and  also  underneath  the  mucous  lining  of  the 
urethra.  They  pass  chiefly  into  the  inguinal  glands.  Deep-seated 
lymphatics  are  also  described  as  issuing  from  the  cavernous  and  spongy 
bodies,  and  passing  under  the  pubic  arch  with  the  deep  veins,  to  join 
the  lymphatic  plexuses  in  the  pelvis. 

The  nerves  of  the  penis  are  derived  from  the  dorsal  and  superficial 
perineal  branches  of  the  pudic  nerve  and  from  the  hypogastric  plexus 
of  the  sympathetic.  The  former  are  distributed  to  the  sldn  and  mu- 
cous membrane,  the  latter  entirely  to  the  cavernous  and  spongy  bodies. 
Krause  observed  end-bulbs  on  the  nerves  of  the  penis,  and  Schweigger- 
Seidel  found  Pacinian  bodies  on  the  nerves  of  the  glans. 

UEETHEA  OF  THE  MALE. 

The  male  urethra  extends  fi'om  the  neck  of  the  bladder  to  the  extremity 
of  the  penis.  Its  total  length  is  about  eight  inches  and  a  half,  but 
varies  much  according  to  the  length  of  the  penis,  and  the  condition  of 
that  organ.  Its  diameter  varies  at  different  parts  of  its  extent,  as  will 
be  stated  more  particularly  hereaftei".  The  tube  consists  of  a  contin- 
uous mucous  membrane,  supported  by  an  outer  layer  of  submucous 
tissue  connecting  it  with  the  several  parts  through  which  it  passes.  In 
the  submucous  tissue  there  are,  throughout  the  whole  extent  of  the 
urethra,  two  layers  of  plain  muscular  fibres,  the  inner  fibres  disposed 
longitudinally,  and  the  outer  in  a  circular  direction.  The  urethra  is 
described  under  the  three  divisions  of  the  2^'ostatw,  memdra^imis,  and 
spongy  portions. 

1.  The  first,  or  prostatic  portiosi,  is  the  part  which  passes  through 
the  prostate  gland.  It  is  about  15  lines  in  length,  is  the  widest  part 
of  the  canal,  and  is  wider  in  the  middle  than  at  either  end :  at  the  neck 
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•of  the  bladder  its  diameter  is  nearly  4  lines,  in  the  next  part  it  Avidens 
a  little,  so  as  to  be  rather  more  than  4  lines,  and  in  old  persons  5  or  6, 
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Fig.  316. — The  lower  part  of  the  Bladder  and  the  Prostatic,  Membranous,  and 
Bulbous  parts  of  the  Urethra  opened  from  above.     (A.  T. ) 

A  portion  of  the  wall  of  the  bladder  and  tlie  upper  part  of  tlie  prostate  gland  have 
been  removed,  the  corpora  cavernosa  penis  have  been  separated  in  the  middle  line  and 
turned  to  the  side,  and  the  urethra  has  been  slit  up  ;  the  bulb  is  left  entire  below,  and 
upon  and  behind  it  the  glands  of  Cowper  with  their  ducts  have  been  exposed,  t,  placed 
in  the  middle  of  the  trigonum  vesica  ;  ^<,  i(,,  oblique  apertures  of  the  ureters  ;  from  these  an 
elevation  of  the  waU  of  the  bladder  is  shown  running  down  to  u  v,  the  uvula  vesicse  ;  I,  the 
longitudinal  muscular  fibres  of  the  bladder  jiassing  down  upon  the  i^rostate  ;  s  v,  the. 
circular  fibres  of  the  sphincter  surrounding  the  neck  ;  p,  the  glandular  part  of  the  pro- 
state ;  y,  the  prostatic  portion  of  the  urethra  ;  from  the  uvula  vesicte  a  median  ridge  is 
seen  descending  to  the  caput  gailinaginis,  in  which,  s  indicates  the  opening  of  the 
sinus  pocularis,  and  d,  that  of  one  of  the  ductus  ejaculatorii ;  on,  the  commencement  of 
the  membranous  portion  of  the  urethra  ;  6,  the  bulb  of  the  spongy  body  ;  h',  the  bulbous 
part  of  the  urethra  ;  c,  one  of  Cowper's  glands ;  cd,  c  d,  course  and  orifice  of  its  duct 
lying  upon  the  bulb,  and  passing  forward  between  the  spongy  body  and  the  urethra,  into 
which  along  with  its  fellow  it  opens  ;  c  c,  one  of  the  corpora  cavernosa. 
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farther  on  it  diminishes  like  a  funnel,  until,  at  its  anterior  limit,  it 
is  smaller  than  at  its  commencement.  It  passes  through  the  upper  part 
of  the  prostate,  above  the  middle  lobe,  so  that  there  is  more  of  the  gland 
below  it  than  above.  Though  enclosed  in  the  firm  glandular  substance, 
it  is  more  dilatable  than  any  other  part  of  the  urethra ;  but  imme- 
diately at  the  neck  of  the  bladder,  it  is,  as  elsewhere  stated,  much 
more  resistant.  The  transverse  section  of  the  uretlu'a,  as  it  lies  in  the 
prostata,  is  widened  from  side  to  side  and  curved  with  the  convexity 
upwards,  the  upper  and  under  mucous  surfaces  being  in  contact. 

The  lining  membrane  of  the  prostatic  portion  of  the  urethra  is 
thrown  into  longitudinal  folds,  when  not  distended  by  fluid.  Towards 
the  neck  of  the  bladder,  a  slight  elevation  on  the  lower  surface  passes 
back  into  the  uvula  vesicge.  Somewhat  in  advance  of  this,  and  con- 
tinued from  it  along  the  floor  of  the  passage,  projects  a  narrow 
median  ridge,  about  8  or  9  lines  in  length,  and  1-|  line  in  its  greatest 
height ;  this  ridge  gradually  rises  into  a  peak,  and  sinks  down  again 
at  its  anterior  or  lower  end,  and  is  formed  by  an  elevation  of  the 
mucous  membrane  and  subjacent  tissue.  This  is  the  crest  of  the 
urethra  (crista  urethra),  which  also  receives  the  names  of  colliculus 
seminalis,  caput  gallinaginis  and  verumontammi.  On  each  side  of  this 
ridge  the  surface  is  slightly  depressed,  so  as  to  form  a  longitudinal 
groove,  named  the  prostatic  sinus,  the  floor  of  which  is  pierced  by  nu- 
merous foramina,  the  orifices  of  the  prostatic  ducts.  Through  these  a 
viscid  fluid  oozes  out  on  pressure  ;  the  ducts  of  the  middle  lobe  open 
behind  the  urethral  crest,  and  some  others  open  before  it.  The  prostatic 
urethral  mucous  membrane  is  covered  by  a  flat  laminated  epithelium. 

VesicuJa  jirostatica. — At  the  fore  part  of  the  most  elevated  portion  of 
the  crest,  and  exactly  in  the  middle  line,  is  a  recess,  upon  or  within 
the  margins  of  which  are  placed  the  slit-like  openings  of  the  common 
seminal  or  ejaculatory  ducts,  one  at  each  side.  This  median  depression 
leads  into  the  prostatic  vesicle,  which  has  been  named  also  sinnspocu- 
laris,  or  utricle.  It  was  first  described  by  Morgagni,  and  has  more 
lately  attracted  renewed  attention,  as  corresponding  with  the  structure 
which  in  the  female  is  developed  into  the  uterine  passage. 

The  vesicle  forms  a  cul-de-sac  running  upwards  or  backwards,  from 
three  to  five  lines  deep,  and  usually  about  one  line  wide  at  its  entrance 
and  for  some  distance  up,  but  acquiring  a  width  of  at  least  two  lines  at 
its  upper  end  or  fundus.  The  narrow  portion  runs  in  the  urethral  crest, 
and  its  fundus  appears  to  lie  behind  and  beneath  the  middle  lobe,  and 
between  the  two  lateral  lobes  of  the  prostate.  Its  parietes,  which  are  dis- 
tinct, and  of  some  thickness,  are  composed  of  fibrous  tissue  and  mucous 
membrane,  together  with  a  few  muscular  fibres,  and  enclose  on  each  side 
the  ejaculatory  duct ;  numerous  small  ramified  and  convoluted  glands 
open  on  its  inner  surface.  The  epithelial  lining  is  of  the  flat  laminated 
kuid.  According  to  Kobelt  and  others,  the  caput  gallinaginis  contains 
some  well-marked  erectile  and  plain  muscular  tissue,  and  it  has  been 
supposed  that  this  eminence,  when  distended  with  blood,  may  offer  an 
obstacle  to  the  passage  of  the  semen  backwards  into  the  bladder.  (E. 
H.  Weber,  Zusatze  zur  Lehre  vom  Baue  und  Verrichtungen  der  Gresch- 
lechts-Organe,  1846;  Huschke  in  Soemmerring's  Anatomie,  vol.-v.  ; 
Leuckart,  "  Vesicula  Prostatica,"  in  Cyclop,  of  Anat.  &  Phys.) 

2.  The  mem'branous  portion  of  the  urethra  comprises  the  part 
between  the  apex  of  the  prostate  and  the  bulb  of  the  corpus  spongio- 
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sum.  It  measures  three  quarters  of  an  inch  aiong  its  anterior,  but 
only  about  half  an  inch  on  its  posterior  surface,  in  consequence  of  the 
projection  backwards  on  it  of  the  bulb.  This  is  the  narrowest  division 
of  the  urethra.  In  the  middle  its  circumference  is  0*6  of  an  inch  :  at 
the  end  O'o.  It  is  placed  beneath  the  pubic  arch,  the  anterior  con- 
cave surface  being  distant  nearly  an  inch  from  the  bone,  leaving  an 
mterval,  occupied  by  the  dorsal  vessels  and  nerves  of  the  penis,  by 
areolar  tissue,  and  some  muscular  fibres.  Its  lower  convex  surface 
is  turned  towards  the  perineum,  opposite  to  the  point  of  meeting 
of  the  transverse  muscles  :  it  is  separated  by  an  interval  from  the 
last  part  of  the  rectum.  About  a  line  in  front  of  the  prostate,  it 
emerges  from  between  the  anterior  borders  of  the  levatores  ani,  and 
passes  through  the  deep  layer  of  the  subpubic  fascia ;  it  is  then  placed 
between  that  and  the  anterior  layer  or  triangular  ligament  through , 
which  it  passes  someway  farther  forwards,  and  has  both  of  these  fibrous 
membranes  prolonged  upon  it,  the  one  backwards  and  the  other  for- 
wards. Between  these  two  layers  the  urethra  is  surrounded  by  erectile 
tissue,  by  some  veins,  and  also  by  the  fibres  of  the  compressor  urethrm 
muscle  beneath  it.  On  each  side  are  Cowper's  glands.  The  proper  or 
plain  muscular  fibres  of  this  portion  of  the  urethra  are  continued  over 
the  outer  and  inner  surfaces  of  the  prostate  into  the  muscular  fibres  of 
the  bladder  posteriorly,  and  into  those  of  the  spongy  portion  of  the 
urethra  anteriorly.     (Hancock.) 

3.  The  spongy  portion  of  the  urethra,  by  far  the  longest  and  most 
variable  in  length  and  direction,  includes  the  remainder  of  the  canal, 
or  that  part  which  is  surrounded  by  the  erectile  tissue  of  the  corpus 
spongiosum.  Its  length  is  about  sis  inches.  The  part  contained 
within  the  bulb,  sometimes  distinguished  as  the  hulhous  portion,  or 
sinus,  is  somewhat  dilated.  The  succeeding  portion,  as  far  as  the  gians, 
is  of  uniform  diameter,  being  intermediate  in  this  respect  between  the 
bulbous  and  membranous  portions.  The  cross  section  of  its  canal 
appears  like  a  transverse  slit.  The  canal  of  the  urethra,  situated  in 
the  glans  has,  on  the  contrary  when  seen  in  a  cross  section,  the  form 
of  a  vertical  slit  :  in  this  part,  which  is  from  four  to  six  lines  in  length, 
the  canal  is  again  considerably  dilated,  forming  what  is  named  the 
fossa  naviciilaris. 

Lastly,  at  its  orifice,  which  is  a  vertical  fissure  from  two  and  a  half 
to  three  lines  in  extent,  and  bounded  by  two  small  lips,  the  urethra  is 
again  contracted  and  reaches  its  narrowest  dimensions.  From  the 
resistant  nature  of  the  tissues  at  its  margin,  this  opening  does  not 
admit  so  large  a  sound  or  catheter  as  even  the  membranous  nortion  of 
the  canal. 

The  mucous  membrane  of  the  urethra  possesses  a  lining  of  stra- 
tified epithelium,  of  which  the  superficial  cells  are  columnar,  except 
for  some  distance  from  the  orifice,  where  they  are  squamous,  and  Avhere 
the  subjacent  membrane  is  beset  with  papillae.  Outside  the  mucous 
membrane  there  is  a  layer  of  convoluted  vascular  structure,  and  ex- 
ternal to  that  a  layer  of  plain  circular  muscular  fibres  separating  it 
fi'om  the  proper  substance  of  the  spongy  body. 

The  whole  lining  membrane  of  the  urethra  is  beset  with  small  race- 
mose mucous  glands  and  follicles,  commonly  named  the  glands  of  Littre, 
the  ducts  of  which  pass  obliquely  forwards  through  the  membranes. 
They  vary  much  in  size  and  in  the  extent  to  which  their  cavities  are 
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ramified  and  sacculated.  Besides  these  there  are  larger  recesses  or 
lacunae,  opening  by  oblique  orifices  turned  forwards  or  down  the  canal. 
These  are  most  aljundant  along  the  floor  of  the  urethra,  especially  in 
its  bulbous  part.  One  large  and  conspicuous  recess,  situated  on  the 
upper  surface  of  the  fossa  navicularis,  is  named  the  lacuna  magna.  A 
median  fold  of  the  membrane  rising  from  the  inferior  surface  of  this 
part  of  the  urethra  has  been  named  the  valve  of  the  fossa  navicularis. 

Cowper's  glands.- — In  the  bulbous  portion  of  the  urethra,  near  its 
anterior  end,  are  the  two  openings  of  the  ducts  of  Coivpefs  glands. 
These  small  glandular  bodies  are  seated  farther  back  than  the  bulb, 
beneath  the  fore  part  of  the  membranous  portion  of  the  urethra, 
between  the  two  layers  of  the  subpubic  fascia,  the  anterior  layer  sup- 
porting them  against  the  urethra.  The  arteries  of  the  bulb  pass  above, 
and  the  transverse  fibres  of  the  compressor  urethras  beneath  these 
glands.  They  are  two  small  firm  rounded  masses,  about  the  size  of 
peas,  and  of  a  deep  yellow  colour.  They  are  compound  vesicular  or 
racemose  glands,  composed  of  several  small  lobules  held  together  by  ?, 
firm  investment.  This  latter,  as  well  as  the  walls  of  the  ducts,  con- 
tains muscular  tissue.  The  branched  ducts  Avhich  commence  in  saccular 
crypts,  unite  outside  each  gland  to  form  a  single  excretory  duct.  These 
ducts  run  forward  near  each  other  for  about  an  inch  or  an  inch  and  a 
half,  first  in  the  spongy  substance  and  then  beneath  the  mucous  mem- 
brane, and  terminate  in  the  floor  of  the  bulbous  part  of  the  urethra  by 
two  minute  orifices  opening  obliquely.  These  glands  secrete  a  viscid 
fluid,  the  use  of  which  is  not  known  ;  they  appear  to  diminish  in  old 
age  ;  sometimes  there  is  only  one  present,  and  it  is  said  both  may  be 
absent. 

Occasionally  there  is  a  tliird  glandular  body  in  front  of  and  between  Cowpers 
glands  ;  this  has  been  named  the  a7iterwr  2>i'ostate  or  anie-i^rostatic  gland. 

The  muscles  in  connection  with  the  urethra  and  penis  have  been 
already  described  with  the  muscles  of  the  perineeum  in  the  first  volum^e. 


THE  TESTICLES,  AK"D  THEIE  ACCESSORY  STRUCTURES. 

The  testicles  or  testes,  the  tvfo  glandular  organs  which  secrete  the 
seminal  fluid,  are  situated  in  the  pouch  of  integument  termed  the  scro- 
tum, each  being  suspended  by  the  spermatic  cord.  The  latter  parts 
will  be  first  described. 

The  spermatic  cord. — The  parts  which  form  this  cord  are  the 
excretory  duct  of  the  testicle,  named  the  vas  deferens,  the  spermatic 
artery  and  veins,  lymphatics,  nerves,  and  connecting  areolar  tissue. 
Besides  this  last  the  cord  has  several  coverings  in  common  with  the 
testis.  The  structures  mentioned  come  together  to  form  the  cord  at  the 
internal  or  deep  abdominal  ring,  and,  extending  through  the  abdominal 
wall  obliquely  downwards  and  towards  the  middle  line,  escape  at  the 
superficial  or  external  abdominal  ring,  whence  the  cord  descends  over 
the  front  of  the  pubes  into  the  scrotum. 

COVERINGS    OF     TPIE     a?ESTIS    AND     COED. 

The  inguinal  canal. — By  the  term  inguinal  canal  is  understood  the 
space  occupied  by  the  spermatic  cord  as  it  passes  through  the  abdominal 
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wall.  It  extends  from  the  deep  to  the  superficial  ahclominal  ring,  and 
is  about  an  inch  and  a  half  in  length.  In  the  upper  part  of  this  course, 
the  cord  has  placed  behind  it  the  fascia  transversalis,  and  is  covered  in 
front  by  the  lower  fibres  of  the  internal  oblique  and  transversalis 
muscles  ;  lower  down  it  lies  in  front  of  the  conjoined  tendon  of  these 
muscles,  the  fibres  of  v;hich  have  arched  inwards  over  it,  and  its  cre- 
masteric covering  is  in  contact  anteriorly  with  the  aponeurosis  of  the 
external  oblique  muscle.  The  inguinal  canal  is  therefore  said  to  be 
bounded  posteriorly  by  the  fascia  transversalis  above  and  the  conjoined 
tendon  below,  and  anteriorly  by  fibres  of  the  transversalis  and  internal 
oblique  muscles  above,  and  the  aponeurosis  of  the  external  oblique 
muscle  below  ;  Avhile  its  floor  is  formed  by  the  curving  backwards  of 
Poupart's  ligament,  and  its  roof  by  the  apposition  of  the  layers  of 
the  abdominal  wall  and  the  arched  fibres  of  the  internal  oblique 
muscle. 

As  it  enters  the  inguinal  canal,  the  cord  receives  a  covering  from 
the  infundibuliform  fascia,  a  thin  layer  continuous  with  the  fascia 
transversalis,  and  prolonged  down  from  the  margin  of  the  deep  abdo- 
minal ring  ;  within  the  canal  it  receives  a  covering  from  the  cremaster 
muscle  and  its  layer  of  fascia;  and  as  it  emerges  from  the  canal 
there  is  added,  superficially  to  this,  the  intercolumnar  fascia  prolonged 
from  the  margin  of  the  superficial  abdominal  ring. 

The  scROTmi. — The  scrotum  forms  a  purse-like  investment  for  the 
testes  and  part  of  the  spermatic  cords.  Its  condition  is  liable  to 
some  variations  according  to  the  state  of  the  health  and  other  cir- 
cumstances :  thus  it  is  short  and  corrugated  in  robust  persons  and 
mider  the  efrects  of  cold,  but  becomes  loose  and  pendulous  in  persons 
of  weak  constitution,  and  under  the  relaxing  influence  of  heat.  A 
superficial  division  into  two  lateral  halves  is  m.arked  by  a  slight  median 
ridge,  named  the  raphe,  extending  forwards  to  the  under  side  of  the 
penis,  and  backwards  along  the  perineum  to  the  margin  of  the  anus. 

The  coverings  of  the  cord  and  testis  in  the  scrotum  may  be  enume- 
rated from  without  inwards  as  follows,  viz.,  the  shin,  su]ierficial  fascia 
and  dartos  tissue,  the  intercolumnar  fascia,  the  cremaster  muscle  and 
fascia,  and  the  mfuncJihuliform  fascia,  which  is  united  to  the  cord  hj  a 
layer  of  loose  areolar  tissue  ;  lastly,  the  special  serous  membrane  of 
the  testicle,  named  the  tunica  vaginalis,  which  forms  a  close  sac,  of 
which  one  part  lines  the  scrotum  and  the  other  closely  envelopes  the 
testicle. 

1.  The  skin  of  the  scrotum  is  very  thin,  and  is  of  a  darker  colour 
than  elsewhere ;  it  is  generally  thrown  into  rugse  or  folds,  which  are 
more  or  less  distinct  according  to  the  circumstances  already  mentioned. 
If  is  furnished  with  sebaceous  follicles,  the  secretion  ii'om  which  has  a 
peculiar  odour,  and  it  is  covered  over  with  thinly  scattered  crisp  and 
flattened  hairs,  the  bulbs  of  which  may  be  seen  or  felt  through  the  skin 
when  the  scrotum  is  stretched.  The  superficial  blood-vessels  are  also 
readily  distinguished  through  this  thin  integument. 

2.  Immediately  beneath  the  skin  of  the  scrotum  there  is  found  a 
thin  layer  of  a  peculiar  loose  reddish-brown  tissue,  endowed  with  con- 
tractility, and  named  the  dartos  tunic.  This  subcutaneous  layer  is 
continuous  with  the  superficial  fascia  of  the  groin,  periuEeum,  and  inner 
side  of  the  thighs,  but  assumes  a  different  structure,  and  is  entirely 
free  from  fat.    The  dartoid  tissue  is  more  abundant  on  the  fore  part 
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of  the  scrotum  than  behind,  and,  moreover,  it  forms  two  distinct  sacs, 
which  contain  the  corresponding  testes,  and  are  united  together  along 
the  middle  line  so  as  to  establish  a  median  partition  between  the  two 
glands  named  the  sepimn  scroti,  which  is  adherent  below  to  the  deep 
surface  of  the  raphe,  and  reaches  upwards  to  the  root  of  the  penis. 
The  dartos  is.;.very  vascular,  and,  as  was  first  shown  by  Kolliker, 
owes  its  contractile  properties  to  the  presence  of  a  considerable  amount 
of  unstriped  muscular  tissue.  Its  contractility  is  slow  in  its  action ; 
it  is  excited  by  the  application  of  cold  and  of  mechanical  stimuli,  but, 
apparently,  hot  by  electricity.  By  its  general  contraction  the  skin  of 
the  scrotum  is  drawn  together  and  more  or  less  corrugated. 

3.  The  intsrcolumiiar  or  spermatic  fascia,  a  very  thin  and  trans- 
parent but  relatively  firm  layer,  derived  from  the  tendon  of  the  external 
oblique  muscle  of  the  abdomen,  is  attached  above  to  the  margins  of  the 
external  ring,  and  is  prolonged  downwards  upon  the  cord  and  testicle. 
It  lies  at  first  beneath  the  superficial  fascia,  and  lower  down  beneath 
the  dartos,  and  it  is  intimately  connected  with  the  layer  next  men- 
tioned. 

4.  The  cremasteric  layer  is  composed  of  scattered  bundles  of  striped 
muscular  fibres,  connected  together  into  a  continuous  covering  by  inter- 
mediate areolar  membrane.  The  red  muscular  portion,  Avhich  is  con- 
tinuous with  the  lower  border  of  the  internal  oblique  muscle  of  the 
abdomen,  constitutes  the  cremaster  muscle,  and  the  entire  covering  is 
named  the  cremasteric  fascia.  By  the  action  of  the  cremaster  the  cord 
is  shortened  and  the  testicle  is  raised  towards  the  body. 

5.  The  infumdi'biiliforiii  fascia,  continuous  above  with  the  fascia 
transversalis  and  the  subperitoneal  areolar  membrane,  and  situated 
immediately  beneath  the  cremasteric  fascia,  invests  the  cord  com- 
pletely, and  is  connected  below  with  the  posterior  part  of  the  testicle 
and  the  outer  surface  of  its  serous  tunic.  On  forcing  air  beneath  the 
infundibuliform  fascia,  a  quantity  of  loose  and  delicate  areolar  tissue 
is  seen  to  connect  its  deep  surface  with  the  vas  deferens  and  spermatic 
blood-vessels,  and  to  form  lamellte  between  them.  This  areolar  tissue 
is  continuous  above  with  the  subserous  areolar  tissue  found  beneath  the 
peritoneum  on  the  anterior  wall  of  the  abdomen  ;  below,  it  is  lost  upon 
the  back  of  the  testicle.  Together  with  the  infundibuliform  fascia,  it 
forms  the  fascia  p-opria  of  A.  Cooper. 

Lying  amongst  this  loose  areolar  tissue,  in  front  of  the  upper  end  of 
the  cord,  there  is  often  seen  a  fibro-areolar  band,  which  is  connected 
above  with  the  pouch  of  peritoneum  found  opposite  the  upper  end  of 
the  inguinal  canal,  and  which  passes  downwards  for  a  longer  or  shorter 
distance  along  the  spermatic  cord.  Occasionally  it  may  be  followed  as 
a  fine  coi*d,  as  far  as  the  upper  end  of  the  tunica  vaginalis  ;  sometimes 
no  trace  of  it  can  be  detected.  It  is  the  vestige  of  a  tubular  process  of 
the  peritoneum,  which  in  the  foetus  connects  the  tunica  vaginalis  with 
the  general  peritoneal  membrane.  The  testicle  is  placed  within  the 
abdomen  during  the  greater  part  of  foetal  life  ;  but  at  a  period  con- 
siderably prior  to  its  escape  from  the  abdominal  cavity,  a  pouch  of 
peritoneum  already  extends  down  into  the  scrotum.  Into  this  pouch,  or 
p'oce&sus  vaginalis  peritoncei,  the  testicle  projects  from  behind,  sup- 
ported by  a  duphcature  of  the  serous  membrane,  named  the  mesor- 
diium.  Sooner  or  later  after  the  gland  has  descended  into  the  scrotum, 
the  upper  part  or  neck  of  this  pouch  becomes  contracted  and  finally 
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obliterated,  from  the  internal  abdominal  ring  down  nearly  to  the 
testicle,  leaving  no  trace  but  the  indistinct  fibrous  cord  already  de- 
scribed, while  the  lower  part  remains  as  a  closed  serous  sac  surrounding 
the  testicle,  and  which  is  thence  named  the  tunica  vaginalis. 

In  the  female  foetus  an  analogous  pouch  of  peritoneum  descends  for 
a  short  distance  along  the  round  ligament  of  the  uterus,  and  has 
received  the  appellation  of  the  canal  of  NucTc.  Of  this  traces  may 
almost  always  be  seen  in  the  adult. 

Varieties.— The  neck  of  the  processus  vaginalis  sometimes  becomes  closed  at 
intervals  only,  leaving  a  series  of  sacculi  along  the  front  of  the  cord  ;  or  a  long 
pouch  may  continue  open  at  the  upper  end,  leading  from  the  abdominal  cavity  into 
the  inguinal  canal.  In  other  instances,  the  peritoneal  process  remains  altogether 
pervious,  and  the  ca^aty  of  the  tunica  vaginalis  is  thus  made  continuous  with 
that  of  the  iDeritoneum.  In  such  a  case  of  congenital  defect,  a  portion  of 
intestine  or  omentum  may  descend  from  the  abdomen  into  the  inguinal  canal 
and  scrotum,  and  constitute  what  is  named  a  congenital  hernia.  Lastly,  one 
or  both  testes  may  remain  ]3ermanently  within  the  abdomen,  or  theii-  descent  may 
be  delayed  till  after  puberty,  when  it  may  occasion  serious  distiu'bance.  Eetention 
of  the  testes  in  the  abdomen  (cryptorchismus)  is,  in  many  instances,  the  accom- 
paniment of  arrested  development  of  the  glandular  structure  ;  it  is,  however,  a 
peculiarity  which  may  be  jDresent  without  impotence. 

In  a  few  mammals,  as  the  elephant,  the  testes  remain  permanently  within  the 
abdomen  ;  in  a  much  larger  number,  as  the  rodentia,  they  only  descend  at  each 
period   of    rut.     The  com- 

Fiff. 


plete  closure  of  the  tunica 
vaginalis  is  peculiar  to  man, 
and  may  be  considered  as 
connected  with  his  adapta- 
tion to  the  erect  posture. 

Pig.  317.— The  Left  Tukica 
Vaginalis  opened,  show- 
iNO  THE  Testis,    Epimdt- 

MIS,    &C.,    FROM  THE    OUTER 
SIDE.       (A.  T.) 

p,  p,  the  cut  edges  of  the 
parietal  tunica  vaginalis  dra-wTi 
aside  laterally,  as  well  as  above 
and  below  ;  t,  the  body  of  the 
testicle;  e,  the  globus  major 
of  the  epididymis ;  e',  the 
globus  minor,  near  •which,  /,  a 
fold  of  the  tunica  vaginalis  (or 
ligament)  passes  from  the 
body  of  the  testis  to  the  side  ; 
in  the  upper  part  of  the  figure 
the  tunica  vaginalis  has  been 
slightly  dissected  off  at  the 
l^lace  of  its  reflection  on  the 
cord  to  show  v  d,  the  vas 
deferens,  and  r/,  the  organ  of 
Giraldes  ;  G,  the  three  small 
nodules  of  this  organ  enlarged 
about  ten  times,  and  showing 
the  remains  of  tubular  struc- 
ture within  them ;  7;.,  hydatid 
of  Morgagni. 


317. 


^M 


6.  The  tunica  vaginalis. — This  tunic  forms  a  shut  sac,  of  which  the 
opposite  free  surfaces  are  in  contact  with  each  other.    Like  the  serous 
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merabi*anes  in  general,  of  which  it  presents  one  of  the  simplest  forms, 
it  may  be  described  as  consisting  of  a  viscer  al  and  a  iiarietal  portion. 
The  visceral  portion,  tunica  vaginalis  testis,  closely  invests  the  greater 
part  of  the  body  of  the  testis,  as  well  as  the  epididymis,  between  which 
parts  it  is  depressed  in  the  form  of  a  pouch  (digital  fossa),  and  lines 
their  contiguous  surfaces,  and  it  adheres  intima  tely  tothe  proper  fibrous 
tunic  of  the  gland.  Along  the  posterior  border  of  the  gland,  where  the 
vessels  and  ducts  enter  or  pass  out,  the  serous  coat,  having  been  re- 
flected, is  wanting.  This  portion  of  the  serous  covering  frequently  pre- 
sents villous  prolongations  on  the  borders  of  the  epididymis  and  upper 
end  of  the  testis ;  these  processes,  sometimes  of  ^co  nsiderable  length,  are 
covered  in  some  places  with  cylindrical,  in  others  with  layers  of  flat 
epithelium  (Luschka,  in  Yirchow's  Archiv,  Vol.  VI.,  p.  321,  and  La 
Yalette  St.  George,  in  Strieker's  Handbucli,  p.  523). 

The  parietal  or  scrotal  portion  of  the  tunica  vag  inalis  is  more  exten- 
sive than  that  which  covers  the  body  of  the  testis  ;  it  reaches  upwai'ds, 
sometimes  for  a  considerable  distance,  upon  the  spermatic  cord,  extend- 
ing somewhat  higher  on  the  inner  than  on  the  outer  side.  It  also 
reaches  downwards  below  the  testicle,  which,  therefore,  appears  to  be 
suspended  at  the  back  of  the  serous  sac,  when  this  latter  is  distended 
with  fluid  ;  a  fold,  or  so-called  ligament,  being  left  projecting  at  the 
lower  end  of  the  epididymis. 

Vessels  and  nerves  of  the  scrotum  and  spermatic  .  cord. 
— The  arteries  are  derived  from  several  sources.  Thus,  the  two  ex- 
ternal pudic  arteries,  branches  of  the  femoral,  reach  the  front  and  sides 
of  the  scrotum,  supplying  the  integument  and  dartos  ;  the  superficial 
perineal  branch  of  the  internal  pudic  artery  is  distrib  uted  to  the  back 
IDart  of  the  scrotum  ;  and,  lastly,  more  deeply  seated  than  either  of  these 
is  a  branch  given  from  the  epigastric  artery,  named  cremasteric,  which 
is  chiefly  distributed  to  the  cremaster  muscle,  but  also  supplies  small 
branches  to  the  other  coverings  of  the  cord,  and  by  its  ultimate  divisions 
anastomoses  with  the  other  vessels.  The  artery  of  the  vas  deferens,  a 
long  slender  vessel  derived  from  the  superior  vesical,  accompanies  the 
tube  in  its  whole  length.  The  veins,  which,  from  the  thinness  of  the 
integuments,  are  apparent  on  the  surface  of  the  scrotum,  follow  the 
course  of  the  arteries.  The  veins  of  the  cord  form  the  spermatic  or 
pampiniform  plexus  elsewhere  described.  The  tymplialics  pass  into  the 
inguinal  lymphatic  glands. 

The  nerves  also  proceed  from  various  sources.  Thus,  the  ilio- 
inguinal, a  branch  of  the  lumbar  plexus  issuing  by  the  external  abdo- 
minal ring,  supplies  the  integuments  of  the  scrotum  ;  this  nerve  is 
joined  also  by  a  filament  from  the  ilio-hypogastric  branch  of  the  same 
plexus  :  sometimes  two  separate  cutaneous  nerves  come  forward  through 
the  external  ring.  The  two  superficial  perineal  branches  of  the  internal 
pudic  nerve  accompany  the  artery  of  the  same  name  and  supply  the 
inferior  and  posterior  parts  of  the  scrotum.  The  inferior  pudendal,  a 
branch  of  the  small  sciatic  nerve,  joins  with  the  perineal  nerves,  and 
with  them  is  distributed  to  the  sides  and  fore  part  of  the  scrotum. 
Lastly,  the  spermatic  branch  of  the  genito-crural  nerve  reaching  the 
spermatic  cord  at  the  internal  abdominal  ring,  passes  with  it  through 
the  inguinal  canal,  and  supplies  the  fibres  of  the  cremaster  muscle, 
besides  sending  a  few  filaments  to  the  other  deep  coverings  of  the 
cord  and  testicle. 
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The  fes/es,  or  principal  reproductive  glands  (StSu/^o?,  opxi^),  are  suspended 
obliquely  in  the  scrotum  by  means  of  the  cord  and  membranes  already 
described  ;  they  are  usually  placed  at  unequal  lieights,  that  of  the  left 
side  being  lower  than  the  other.  They  are  of  an  ovoid  form,  but  are 
slightly  compressed  laterally,  so  that  they  have  two  somev\'hat  flattened 
sides  or  faces,  an  upper  and  a  lower  end,  an  anterior  and  a  posterior 
border.  They  are  about  an  inch  and  a  half  long,  an  inch  and  a  quarter 
wide  from  back  to  front,  and  nearly  an  inch  thick  from  side  to  side. 
The  weight  of  each  varies  from  three-quarters  of  an  ounce  to  an  ounce^ 
the  left  being  often  a  little  the  larger  of  the  two. 

The  front  and  sides  of  the  testicle,  together  with  the  upper  and  the 
lower  ends,  are  free,  smooth,  and  closely  invested  by  the  tunica  vaginalis. 
The  posterior  border  is  attached  to  the  spermatic  cord,  and  it  is  here 
that  the  vessels  and  nerves  enter  or  pass  out.  When  the  testis  is  sus- 
pended in  its  usual  position,  its  upper  end  is  directed  obliquely  forwards 
and  outwards,  as  well  as  upwards,  whilst  the  lower,  Avhich  is  rather 
smaller,  has  the  opposite  direction.  It  follows  from  this  that  the  pos- 
terior or  attached  border  is  turned  upwards  and  inwards,  and  the  outer 
flattened  face  slightly  backwards. 

Attached  to  the  posterior  border  of  the  gland,  and  resting  also  on  the 
neighbouring  portion  of  its  outer  face,  is  placed  a  long  narrow  body,  the 
epididymis,  which  forms  part  of  the  excretory  apparatus  of  the  testicle, 
and  is  principally  composed  of  the  convolutions  of  a  long  tortuous  canal 
or  eiferent  duct,  to  be  presently  described.  Its  upper  extremity,  con- 
siderably larger  than  the  lower,  projects  forwards  on  the  upper  end  of 
the  testis,  and  is  named  the  head  or  globus  major ;  the  lower,  which  is 
more  pointed,  is  termed  the  tail,  or  glotus  minor ;  whilst  the  intervening 

Fig.     318. — TsANSVEKSE     Section    thkouqh    thb  Fi,?.  SIS. 

Right  Testicle  and  the  Tunica  Vaginalis  (from 

Kiilliker). 

a,  connective  tissue  enveloping  the  parietal  layer  of 
tlie  tunica  vaginalis  ;  h,  this  layer  itself  ;  c,  ca^dty  of 
the  tunica  vaginalis ;  cl,  reflected  or  visceral  laye 
adhering  to  e,  the  tunica  albuginea  ;  /,  covering  of 
epididymis  (g)  on  the  right  or  outer  side  ;  h,  medias- 
tinum testis  ;  i,  branches  of  the  spermatic  artery  ;  k, 
spermatic  vein  ;  I,  vas  deferens  ;  m,  small  artery  of 
the  vas  deferens  ;  «,  lobules  of  the  testis  ;  o,  septa  or 
processes  from  the  mediastinum  to  the  surface. 

portion  is  named  the  iodij.  The  convex 
surface  of  the  epididymis  and  the  thin  an- 
terior border  are  free,  and  covered  by  the 
tunica  vaginalis.  The  concave  surface,  or  that  directed  towards  the 
testis,  except  at  the  upper  and  lower  ends,  is  also  free,  and  invested  by  the 
same  tunic,  which  here  forms  the  digital  pouch  between  the  epididymis 
and  the  outer  face  of  the  testicle,  and  nearly  surrounds  the  epididy- 
mis, except  along  its  posterior  border,  which  is  united  to  the  gland  by 
a  duplicature  of  the  serous  membrane,  containing  numerous  blood- 
vessels. At  its  upper  and  lower  extremity,  the  epididymis  is  attached 
to  the  testicle  by  fibrous  tissue  and  a  reflection  of  the  tunica  vaginahs, 
the  globus  major  also  by  the  efferent  ducts  of  the  testicle. 
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At  the  back  of  the  testis  and  epididymis,  beneath  the  fascia  propria, 
there  is  found,  opposite  the  lower  two-thirds  of  the  testis,  a  consider- 
able amount  of  unstriped  muscular  tissue,  the  inner  muscular  tunic  of 
Kolliker. 

Situated  on  the  front  of  the  globus  major,  somewhat  to  the  outer  side, 
there  is  usually  found  one  or  more  small  pedunculated  bodies  formed  by 
an  extension  of  the  tunica  vaginalis  and  containing  connective  tissue  and 
blood-vessels.  These  are  the  liydatids  of  Morgagiii.  One  of  them  of  a 
more  regularly  pyriform  shape  and  more  constant  than  the  rest,  lies 
closely  between  the  head  of  the  epididymis  and  the  testicle,  and  is 
regarded  as  the  remains  of  the  foetal  structure  termed  Miiller's  duct. 

The  testis  is  enclosed  in  a  strong  capsule,  the  tunica  albuginea. 
This  is  a  dense  unyielding  fibrous  membrane,  of  a  white  colour,  and 
of  considerable  thickness,  which  immediately  invests  the  soft  substance  of 
the  testicle,  and  preserves  the  form  of  the  gland.  It  is  composed  of 
bundles  of  fibrous  tissue,  which  interlace  in  every  direction.  The  sur- 
face is  covered  by  the  tunica  vaginalis,  except  along  the  posterior 
border  of  the  testicle,  where  the  spermatic  vessels  pass  through  and 
the  two  extremities  of  the  epididymis  are  attached. 

In  the  interior,  the  fibrous  tissue  of  the  tunica  albuginea  is  pro- 
longed from  the  posterior  border,  for  a  few  lines  into  the  substance 
of  the  gland,  so  as  to  form  within  it  an  incomplete  vertical  sep- 
tum, known  as  the  corpus  Highmoricmwn,  and  named  by  Astley 
Cooper  mediastinum  testis.  It  extends  from  the  upper  nearly  to 
the  lower  end  of  the  gland,  and  it  is  wider  above  than  below.  The  firm 
tissue  of  which  it  is  composed  is  travei'sed  by  a  network  of  seminal 
ducts,  and  by  the  larger  blood-vessels  of  the  gland,  which  are  lodged  in 
channels  formed  in  the  fibrous  tissue. 

From  the  front  and  sides  of  the  corpus  Highmorianum  numerous 
slender  fibrous  cords  and  imperfect  septa  of  connective  tissue  are  given 
off  in  radiating  directions,  and  are  attached  by  their  outer  ends  to  the 
internal  surface  of  the  tunica  albuginea  at  different  points,  so  as  to  assist 
in  maintaining  the  general  shape  of  the  testicle,  and  enclose  the  several 


Fig.  319. 


Fig.  319.  —Plan  of  a  Vertical  Section-  of  the  Testicle, 

SHOWING  THE  ArEANOEJIENT  OF  THE  D0CTS. 

The  true  length  and  diameter  of  the  ducts  have  been  dis- 
regarded, a,  a,  tubuli  seminiferi  coiled  ujp  in  the  separate 
lobes  ;  h,  vasa  recta  ;  c,  rete  vasculosum  ;  d,  vasa  efFerentia 
ending  in  the  coni  vasculosi  ;  I,  e,  g,  convoluted  canal  of  the 
epididymis  ;  h,  vas  deferens  ;  /,  section  of  the  back  part  of 
the  tunica  albuginea  ;  i,  i,  fibi'ous  processes  running  between 
the  lobes  ;  /  to  s,  mediastinum 


lobes  into  which  the  substance  of  the  gland  is 
divided.  According  to  Kolliker  plain  muscular 
fibres  are  prolonged  upon  these  septula  from 
behind.  The  whole  internal  surface  of  the 
tunica  albuginea  is  covered  by  a  multitude  of 
fine  blood-vessels,  which  are  branches  of  the 
spermatic  artery  and  veins,  and  are  held  together 
by  a  delicate  areolar  web.  Similar  delicate  ra- 
mifications of  vessels  are  seen  on  the  various  fibrous  offsets  of  the 
mediastinum,  upon  which  the  blood-vessels  are  thus  supported  in  the 
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interior  of  the  gland.     This  vascular  network,  together  with  its  con- 
necting areolar  tissue,  constitutes  the  tunica  vasculosa  of  Astley  Cooper. 

Minute  struct'ore. — Seminal  tubes. — The  proper  glandular  sub- 
stance of  the  testicle  is  a  soft  but  consistent  mass  of  a  reddish-yellow 
colour,  which  is  divided  into  numerous  small  lobes  of  conical  form,  with 
the  larger  ends  turned  towards  the  surface  of  the  testicle,  and  the  smaller 
towards  the  mediastinum.  The  number  of  these  Joles  (lobuli  testis) 
has  been  estimated  at  250  by  Berres,  and  at  upwards  of  400  by 
Krause.  They  differ  in  size  according  to  their  position,  those  which 
occupy  the  middle  of  the  gland  and  reach  its  anterior  border  being- 
longer  and  larger  than  the  rest.  They  consist  almost  entirely  of  small 
convoluted  tubes,  named  tidndi  semimferi,  in  the  interior  of  which 
the  seminal  product  is  secreted.  Each  lobe  contains  one,  two,  three, 
or  even  more  of  these  convoluted  tubules,  the  coils  of  which, 
being  -only  loosely  held  together,  may  be  more  or  less  successfully 
unravelled  by  careful  dissection  under  water.  Lauth  estimates  their 
mean  number  to  be  840,  and  the  average  length  of  each  two  feet  and  a 
quarter.  Their  diameter,  which  is  uniform  throughout  their  whole 
course,  is  from  3-^o^h  to  -jl-qth.  of  an  inch.  They  present  two  kinds  of 
convolutions,  each  tube  having  a  fine  and  regular  undulation,  which 
gives  a  granular  appearance  to  the  whole  mass,  and  this  undulating  tube 
being  again  thrown  into  complicated  folds,  which  are  compressed  so 
as  to  be  elongated  in  the  direction  of  the  lobule.  The  lobules  are 
never  quite  distinct,  for  here  and  there  tubules  are  always  to  be  found 
passing  from  one  to  another ;  and  it  sometimes  happens  that  lobules 
which  are  divided  by  a  distinct  plane  of  contact  at  one  part,  are 
intimately  connected  at  another ;  so  that  the  division  of  the  mass  into 
lobules  varies  greatly  in  its  extent,  and  hence  the  different  estimates  of 
the  number  of  the  lobules  by  different  anatomists.  The  walls  of  the 
tubuli  seminiferi  are  composed  of  a  basement  membrane  consisting  of 
several  layers  of  flattened  cells  (Mihalkovics).  The  walls  of  the  tubes 
are  sufficiently  strong  to  bear  the  forcible  injection  of  mercury,  which 
has  been  commonly  employed  for  their  investigation  and  their  display  in. 
preserved  specimens. 

The  mode  in  which  the  tubes  commence  appears  to  be  twofold — viz., 
by  free  closed  extremities,  hid  within  the  lobules,  but  more  frequently 
by  anastomosing  arches  or  loops.  After  an  exceedingly  tortuous  course, 
they  at  length,  in  approaching  the  corpus  Highmori,  become  at  first 
slightly  flexuous  and  then  nearly  straight.  The  separate  tubuli  of  each 
lobe,  and  then  those  of  adjoining  lobes,  unite  together  into  larger 
tubes,  which  enter  the  fibrous  tissue  of  the  mediastinum  and,  being- 
placed  amongst  the  branches  of  the  blood-vessels,  form  the  straight 
tubes  or  vasa  recta. 

Spermatic  Cells. — The  interior  of  the  tubes  is  occupied  by  cellular 
contents  Avhich,  in  the  young  subject,  assume  somewhat  the  appearance 
of  an  epithelial  lining,  but  in  the  adult  fill  the  whole  tube  with  a  con- 
fused mass  of  cells.  In  some  instances,  however,  the  cells  are  ranged 
in  radii  from  the  circumference  to  the  centre,  and  a  jjassage  or  lumen 
is  left  in  the  interior.  Throughout  the  mass  the  cells  are  in  various  stages 
of  advance  towards  the  formation  of  the  seminal  product,  some  fully 
formed  spermatic  filaments  being  seen  in  the  centre,  and  the  cells  of  the 
circumference  being  least  developed. 

It  has  been  asserted  by  some  observers  that  the  spermatic  cells  are 
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not  free,  but  are  embedded  in  a  sort  of  protoplasmic  trabecular  net- 
Avork  within  which  they  are  formed.  This  was  first  stated  by  Sertoli, 
in  1864,  and  more  recently  a  detailed  description  of  such  a  delicate 
trabecular  structure  has  been  given  by  Merkel,  v/hose  views  are  sup- 
ported by  several  other  observers.  (Merkel,  in  Du  Bois-Eeymond's 
Archiv,  1869  and  1871,  andLaValette  St.  George,  in  Schultze's  Archiv, 
vol.  i.)  On  the  other  hand  it  is  asserted  as  the  result  of  renewed  ob- 
servations that  the  alleged  framework  is  the  product  of  artificial  pro- 
cesses. (Mihalkovics,  in  Lud wig's  Arbeiten,  1874.)  It  seems  most 
probable,  therefore,  that  the  seminal  or  spermatic  cells  are  produced  as 
in  other  tubular  glands  by  development  from  the  layer  of  cells  lying 
originally  on  the  inside  of  the  basement  membrane  of  the  tubes.  (Koi- 
liker's  Handbuch,  1867,  p.  526.)      ' 

The  intervals  between  the  glandular  tubes  are  occupied  by  blood- 
yessels,  lymphatics  and  nerves,  embedded  iu  a  peculiar  tissue  of  a 
rather  undefined  character,  but  presenting  a  large  quantity  of  the 
nuclear  and  molecular  elements,  so  that  Henle  compares  it  to  the 
cortical  substance  of  the  brain,  or  the  contents  of  ganglionic  cells.  In 
this  substance  there  are  large  interstitial  spaces  lined  with  flat  nuclear 
epithelium,  in  which  Ludwig  and  Torasa  have  shown  that  the  lym- 
phatics of  the  testicle  commence.  (Wien.  Sitzungsbericht,  vol.  sliv. 
p.  221,  1862.) 

The  vasa  -rect^  pursue  a  comparatively  straight  course  ;  they  are 
upwards  ot  twenty  in  number,  and  are  fi'om  -g^gth  to  ^V^h  of  an  inch  in 
diameter.  They  pass  upwards  and  backwards  through  the  fibrous  tissue, 
as  already  stated,  and  end  in  a  close  network  of  tubes,  named  by  Haller 
the  refe  vasculosum  testis,  which  lies  in  the  substance  of  the  corpus 
Highmori,  along  the  back  part  of  the  testicle,  but  in  front  of  the  pri- 
mary subdivisions  of  the  spermatic  blood-vessels  before  these  enter  the 
gland.  The  tubes  composing  the  rete  have  very  thin  walls.  According  to 
Kolliker, indeed,  they  have  none  proper  to  them,  but  are  mere  channels  in 

Fig.  320o  Fig.    320. — Ducis  of  the  Testicle  injected  with  Meecury 

(from  Haller). 
I'.h 

ji  a,  body  of  the  testicle  ;  6,  tubuli  in  tlie  interior  of  the  gland  ; 

II  c,  rete  vasculosum ;  d,  vasa  efferentia  terminating  in  the  coni 

!^  vasculosi ;  e,  f,  g,  convoluted  canal  of  the  epididymis  ;  h,  vas 

»  "^  deferens  ascending  from  the  globus  minor  of  the  epididymis. 

■*  /-'•      ■  '    N\  ^'^s  fibrous  stroma,  lined  with  squamous  epithelium. 

'  ^       1^.-    ^j\  According  to  Henle  the  epithelium  of  the  tubes 

I      ¥     ,  ^j.    ^  1  ii^  ^^6  rete  testis  already  begins  to   assume  the 

I      «•       ?*' '  &  I  colmnnar  character  which  it  possesses  in  the  after 

5,  I  parts  of  the  ducts.     They  conduct  the  secretion  to 

-it                   ^J  the  upper  end  of  the  testis,  v/here  they  open  into 

•W:,  the  vasa  efferentia. 

.     ^  The  vasa  eSerentia.  are  from  tw'elve  to  fifteen, 

^  or  sometimes  twenty  in  number  ;  they  perforate  the 

^/  tunica   albuginea  beneath   the    globus   major   of 

■^  the  epididymis,  of  whicli  they^may  be  said  to  form 

a  part,  and  in  the  convoluted  canal  of  which  they  ultimately  terminate. 

On  emerging  from  the  testis,  these  vasa  efferentia  are  straight,  but, 

becoming  more  and   more  coavolutsd  a3  thej  proceed  towards  the 
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epididymis,  they  form  a  series  of  small  conical  masses,  the  bases  of 
which  are  turned  in  the  same  direction,  and  which  are  named  cojii 
vasculosi.  They  are  about  jVth  of  an  inch  in  diameter.  Their  walls 
contain,  besides  fibrous  tissue,  longitudinal  and  transverse  plain 
muscular  fibres.  The  largest  of  the  cones  is  about  eight  lines  loug, 
and  when  unrolled,  each  is  found  to  consist  of  a  single  coiled  duct, 
varying  from  six  to  eight  inches  in  length,  and  the  diameter  of  which 
gradually  decreases  from  the  testis  to  the  epididymis  (Huschke). 
Opposite  the  globus  major  these  separate  efferent  vessels  open,  at 
intervals  which,  in  the  unravelled  tube,  are  found  to  be  about  three 
inches  in  length,  into  a  single  canal  or  duct,  the  intervening  and 
subsequent  convolutions  of  which  constitute  the  epididj-mis  itself. 

The  canal  of  the  epididymis  is  disposed  in  very  numerous  coils,  and 
extends  from  the  globus  major  downwards  to  the  globus  minor  or  tail, 
where,  turning  upwards,  it  is  continued  on  as  the  vas  deferens.  When 
its  complicated  flexuosities  are  unrolled,  it  is  found  to  be  twenty  feet 
and  upwards  in  length.  The  smallest  windings  are  supported  and  held 
together  by  fine  areolar  tissue  ;  but,  besides  this,  numerous  fibrous 

Fig.    321.— Injected    Testicle,  Fig-  321. 

EPIDIDT3IIS,  AND  Yas  Deferens 
(from  Kolliker  after  Arnold). 

a,  body  of  the  testicle  ;  h,  lo- 
bules ;  c,  vasa  recta  ;  d,  rete  vas- 
culosiim  ;  e,  vasa  efiferentia  ;  /, 
coni  vascixlosi  ;  g,  epididymis  ;  /;, 
vas  deferens  ;  i,  vas  aberrans  ;  m, 
branches  of  the  spermatic  artery 
passing  to  the  testicle  and  epidi- 
dymis ;  n,  ramification  in  the 
testis ;  o,  deferential  artery ;  p, 
its  union  with  a  t-nig  of  the  sper- 
matic artery. 

partitions    are    interposed 

between  larger  masses  of 

the  coils,  which  have  been 

named    the   loles    of   the 

epididymis,     the     general 

direction  of  which  is  across 

that   body.     The  canal  of 

the  epididymis   is,  at    its 

commencement,  about  y  o^h 

of  an  inch  in  diameter,  but 

diminishing  as  it  proceeds 

towards  the  globus  minor, 

it   is    about    -gLth  of    an 

inch,  after  which  it  again  increases  in  size,  and  becomes  less  deeply 

couvoluted  as  it  approaches  the  vas  deferens.     Its  coats,  which  are  at 

first  very  thin,  become  thicker  in  its  progress. 

The  vasa  efferentia  and  the  tube  of  the  epididymis  differ  from  the 
other  portions  of  the  ducts  of  the  testis  in  the  possession  of  thicker  walls, 
provided  with  a  considerable  amount  of  plain  muscular  fibres.  The 
epithelial  lining  cells  are  columnar  or  prismatic  in  form  and  are  ciliated. 
In  the  epididymis  the  cells  are  greatly  elongated,  in  the  vasa  efferentia 
tihey  are  shorter  ;  in  the  lower  part  of  the  epididyniis  the  cilia  disappear 

VOL.   11.  "  G   G 


450  THE  TESTICLES  AND   THEIR  DUCTS. 

(0.  Becker,  1856,  corroborated  in  the  human  subject  by  Kolliker). 
The  ciHary  movement  is  stated  by  Becker  to  be  in  an  outward  direction 
in  the  ducts. 

VAS    DEFERENS. 

The  vas  deferens,  or  excretory  duct  of  the  testis,  is  a  hard  nearly 
cylindrical  tube,  which  forms  the  continuation  upwards  of  the  convoluted 
canal  of  the  epididymis.  It  commences  at  the  lower  end  of  the  epi- 
didymis, and,  at  first  rather  tortuous  but  afterwards  becoming  straight, 
it  ascends  upon  the  inner  side  of  the  epididymis,  and  along  the  back  of 
the  testicle,  separated  from  both,  however,  lay  the  blood-vessels  passing 
to  and  from  the  gland.  Continuing,  then,  to  ascend  in  the  spermatic 
cord,  the  vas  deferens  accompanies  the  spermatic  artery,  veins  and 
iierves,  as  far  as  the  internal  aljdominal  ring.  Between  the  testicle  and 
the  external  ring  its  course  is  nearly  vertical :  it  lies  behind  the  sper- 
matic vessels,  and  is  readily  distinguished  by  its  hard  cord-like  feel.  It 
then  passes  obliquely  upwards  and  outwards  along  the  inguinal  canal, 
and  reaching  the  inner  border  of  the  internal  abdominal  ring,  it  leaves 
the  spermatic  vessels  (which  extend  to  the  lumbar  region),  and  turns 
suddenly  downwards  and  inwards  into  the  pelvis,  crossing  over  the  ex- 
ternal iliac  vessels,  and  turning  round  the  outer  or  iliac  side  of  the  epi- 
gastric artery.  Running  beneath  the  peritoneum,  it  reaches  the  side  of 
ithe  bladder,  upon  which  it  descends,  curving  backwards  and  downwards 
to  the  under  surface  of  that  viscus,  and  finally  passes  forwards  to  the 
base  of  the  prostate  gland.  In  its  course  within  the  pelvis,  it  crosses 
over  the  cord  of  the  obliterated  hypogastric  artery,  and  lies  to  the  inner 
side  of  the  ureter?  Beyond  this  point,  where  it  ceases  to  be  covered  by 
the  peritoneum,  it  is  attached  to  the  coats  of  the  bladder,  in  contact 
with  the  rectum,  and  gradually  approaching  its  fellow  of  the  opposite 
side.  Upon  the  base  of  the  bladder,  the  vasa  deferentia  are  situ- 
ated between  two  elongated  receptacles,  named  the  seminal  vesicles ; 
and,  close  to  the  base  of  the  prostate,  each  vas  deferens  ends  by  joining 
with  the  duct  from  the  corresponding  seminal  vesicle  on  its  outer  side 
to  form  one  of  the  common  seminal  or  ejaculatory  ducts. 

The  vas  deferens  measures  nearly  two  feet  in  length.  In  the  greater 
part  of  its  extent  it  is  cylindrical  or  slightly  compressed,  and  has  an 
average  diameter  of  about  one-tenth  of  an  inch  ;  but  towards  its  termina- 
tion, beneath  the  bladder,  it  becomes  enlarged  and  sacculated,  forming 
the  ampulla  of  Henle,  and  resembling  in  shape  and  structure  a  part  of 
the  seminal  vesicle.  Previously  to  its  junction  with  the  duct  of  that 
vesicle,  it  again  becomes  narrowed  into  a  smaller  and  straight  cyhndrical 
canal.  The  walls  of  the  vas  deferens  are  very  dense  and  strong,  and  feel 
hard  to  the  touch,  owing  to  the  large  proportion  their  thickness  bears  to 
the  inner  cavity  of  the  tube,  which  is  scarcely  more  than  one-sixth  of 
the  whole  diameter.  In  the  sacculated  portion  the  passage  is  much 
wider,  and  the  walls  are  thinner  in  proportion.  Small  simple  and 
branched  tubular  glands,  similar  to  those  of  the  vesiculge  seminales,  beset 
the  mucous  membrane  of  this  portion  of  the  duct  (Henle). 

Besides  an  external  areolar  investment,  and  an  internal  lining  mem- 
brane, the  vas  deferens  is  provided  with  an  intermediate  thick  tunic, 
which  is  dense  in  structure,  somewhat  elastic,  and  of  a  deep  yellowish 
colour.  This  coat  consists  principally  of  longitudinal  muscular  fibres, 
mixed  with  some  circular  ones.     Buschke  describes  two  longitudinal 
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layers  with  intermediate  circular  fibres.  The  esternal  and  middle 
layers  are  thick  and  strong  ;  but  the  internal  longitudinal  stratum  is 
extremely  thin,  constituting  not  more  than  -|-th  of  the  muscular  coat. 
The  vasa  deferentia  of  the  dog,  cat,  and  rabbit-  were  found  by  E.  Weber 
to  exhibit  lively  peristaltic  contraction's  when  stimulated  by  means  of 
electricity. 

The  surface  of  the  lining  membrane  is  pale  ;  it  is  thrown  into  three 
or  four  fine  longitudinal  ridges,  and,  besides  this,  in  the  sacculated  por- 
tion of  the  duct,  is  marked  by  numerous  finer  rugEe  which  enclose 
irregular  polj'hedral  spaces,  resembling  in  this  alveolar  character  the 
lining  membrane  of  the  vesiculas  seminales.  The  epithelium  is  of 
the  columnar  kind,  and  not  ciliated. 

Vas  aberrans. — This  name  was  applied  by  Haller  to  a  long  narrow 
tube,  or  diverticulum,  discovered  by  him,  and  almost  invariably  met 
with,  which  leads  off  from  the  lower  part  .of  the  canal  of  the  epididymis, 
or  from  the  commencement  of  the  vas  deferens,,  and,  becoming  tortuous 
and  convoluted,  is  rolled  up  into  an  elongated  mass  which  extends  upwards 
for  an  inch  or  more  amongst  the  vessels  of  the  spermatic  cord,  where 
the  tube  ends  by  a  closed  extremity .  Its  length,  when  it  is  unravelled, 
ranges  from  about  two  to  twelve  or  fourteen  inches  ;  and  its  width  in- 
creases towards  its  blind  extremity.  Sometimes  this  diverticulum  is 
branched,  and  occasionally  there  are  two  or  more  such  aberrant  ducts. 
Its  structure  appears  to  be  similar  to  that  of  the  vas  deferens.  Its 
origin  is  probably  connected  with  the  Wolffian  body  of  the  foetus,  but 
the  exact  mode  of  its  formation  and  its  office  are  unknown.  Luschka 
states  that  occasionally  it  does  not  communicate  with  the  canal  of  the 
epididymis,  but  appears  to  be  a  simple  serous  cyst. 

Organ  of  Giraldes. — The  small  body  thus  named  is  situated  in  the 
front  ot  the  cord  immediately  above  the  caput  epididymis  (see  Fig.  317, 
g).  It  consists  usually  of  several  small  irregular  masses  containing  con- 
voluted tubules  lined  with  squamous  epithelium,  and  is  scarcely  to  be 
recognised  until  the  surrounding  connective  tissue  has  been  rendered 
transparent  byre-agents.  It  has  also  received  the  name  of  parepididi/mis. 
Its  tubules  appear  to  be  vestiges  of  the  glomerular  part  of  the  Wolffian 
body.  (Giraldes,  in  Bulletin  de  la  Soc.  Anat.  de  Paris,  1857,  and  in 
Journal  de  la  Physiologic,  1861,  also  in  Proceed.  Eoy.  Soc.  vol.  ix., 
p.  231.) 


THE    SEMINAL    VESICLES    AND    EJACULATOHY    DUCTS. 

The  vesiculsB  seminales  are  two  membranous  receptacles,  situated, 
one  on  each  side,  upon  the  base  of  the  bladder,  between  it  and  the  rectum. 
When  distended,  they  form  two  long-shaped  sacculated  bodies,  some- 
what flattened  on  the  side  next  the  bladder,  to  which  they  are  firmly 
attached,  and  convex  on  their  inferior  surface  ;  they  are  widened  be- 
hind and  narrow  in  front.  Their  length  is  usually  about  two  inches, 
and  their  greatest  breadth  from  four  to  six  lines ;  but  they  vary  both  in 
size  and  shape  in  diff'erent  individuals,,  and  also  on  opposite  sides  of  the 
same  subject. 

Their  posterior  obtuse  extremities  are  separated  widely  from  each 
other,  but  anteriorly  they  converge  so  as  to  approach  the  two  vasa 
deferentia,  which  run  forwards  to  the  prostate  between  them.    With 
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the  vasa  deferentia  thus  interposed,  they  occupy  tlie  two  diverging  sides 
of  the  triangular  portion  of  the  base  of  the  bladder,  which  lies  upon  the 
rectum,  and  is  bounded  behind  by  the  line  of  reflexion  of  the  recto- 
vesical fold  of  the  peritoneum.  The  seminal  vesicles  themselves  also 
rest  upon  the  rectum,  but  are  separated  from  it  by  a  layer  .of  the  recto- 
vesical fascia,  which  attavihes  them  to  the  base  of  tJie  bladder. 


Fig.  322. — Dissection  op  the 
Base  of  the  Bladder  and 
Prostate  Gland,  showing  the 
Vesic0l.e  Seminales  and  Vasa 
Deferentia  (from  Haller). 

a',  lower  surface  of  the  bladder 
at  the  place  of  reflection  of  the 
peritoneum  ;  h,  the  part  above 
covered  by  the  peritoneum  ;  i, 
left  vas  deferens,  ending  in  e, 
the  ejaculatory  duct  ;  s,  left 
vesicula  seminalis  joining  the 
same  duct  ;  s,  s,  the  right  vas 
deferens  and  right  vesicula  semi- 
nalis, which  has  been  unravelled  ; 
p,  under  side  of  the  prostate 
gland  ;  m,  part  of  the  urethra  ; 
u,  t«,  the  ureters,  the  right  one 
turned  aside. 

The  sacculated  appear- 
ance of  the  vesicula  semi- 
nales is  owing  to  their 
peculiar  formation.  Each 
consists  of  a  tube  some- 
what coiled  and  repeatedly 
doubled  on  itself,  and  firmly  held  in  that  condition  by  a  dense  fibrous 
tissue.  When  unrolled,  this  tube  is  found  to  be  from  four  to  six  inches 
long,  and  about  the  width  of  a  quill.  Its  posterior  extremity  is  closed, 
so  that  it  forms  a  long  cul-de-sac  ;  but  there  are  generally,  if  not 
always,  several  longer  or  shorter  branches  or  diverticula  connected  with 
it,  which  also  end  by  closed  extremities.  The  anterior  extremity  of 
the  tube  of  the  vesicula,  becomes  straight  and  narrowed,  and  ends 
opposite  the  base  of  the  prostate  by  uniting  on  its  inner  side,  at  an 
acute  angle,  with  the  narrow  termination  of  the  corresponding  vas 
deferens  to  form  a  single  canal,  which  is  the  common  seminal  or  ejacula- 
tory duct. 

In  structure,  the  vesiculse  seminales  resemble  very  closely  the  adjoin- 
ing sacculated  portions  of  the  vasa  deferentia.  Besides  an  external 
fibro-areolar  investment,  connected  with  the  recto-vesical  fascia,  they 
have  a  proper  coat,  which  is  firm,  dense,  and  somewhat  elastic,  and  con- 
sists of  rigid  white  fibres  and  of  others  of  a  deep  yellowish-brown  hue. 
The  muscular  layer  of  the  walls  is  thin  compared  to  that  of  the  vas 
deferens  ;  but  a  considerable  amount  of  plain  muscular  tissue  is  found 
covering  the  posterior  surface  and  extending  transversely  between  the 
two  vesiculas.  There  are  also  longitudinal  muscular  fibres  traced  from 
those  of  the  bladder.  (Ellis  and  Henle.)  The  mucous  membrane  is 
pale,  or  has  a  light  yellowish-brown  colour,  given  to  it  apparently  by 
the  tubular  glands  which  beset  it  in  the  same  manner  as  in  the  ampulla 
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of  the  yas  deferens.  It  is  traversed  by  very  many  fine  rng«,  which 
form  an  alveolar  structure  resembling  that  seen  in  the  gall-bladder,  but 
deeper  and  enclosing  much  finer  meshes.  The  epithelium  of  the 
vesiculce  is  of  the  short  prismatic  kind  ;  its  particles  have  a  granular 
character. 

The  seminal  vesicles  serve  as  receptacles  or  reservoirs  for  the  semen, 
as  is  proved  by  a  microscopic  examination  of  their  contents  ;  but, 
besides  this,  it  is  probable  that  they  secrete  a  peculiar  fluid  which  is 
incorporated  with  the  semen. 

The  common  seminal  or  ejaciilatory  ducts,  two  in  number,  are 
formed  on  each  side  by  the  junction  of  the  narrowed  extremities  of  the 
corresponding  vas  deferens  and  vesicula  seminalis,  close  to  the  base  of 
the  prostate  gland.  From  this  point  they  run  forwards  and  upwards, 
at  the  same  time  approaching  each  other,  and  then  pass  side  by  side 
through  the  prostate  between  its  middle  and  two  lateral  lobes.  After  a 
course  of  nearly  an  inch,  during  which  they  become  gradually  narrower, 
they  end  in  the  floor  of  the  prostatic  portion  of  the  urethra  by  two 
small  slit- like  orifices  placed  on  the  verumontanum,  one  on  each 
prominent  margin  of  the  opening  of  the  prostatic  sinus.  For- a  short 
distance  the  ejaculatory  ducts  run  in  the  substance  of  the  walls  of  the 
vesicle. 

The  coats  of  the  common  seminal  duct,  as  compared  with  those  of  the 
vas  deferens  and  vesicula,  are  very  thin.  -The  strong  outer  tunic  almost 
entirely  disappears  after  the  entrance  of  the  ducts  between  the  lobes  of 
the  prostate,  but  muscular  fibres  may  be  traced  into  the  prostatic  por- 
tion ;  and  the  mucous  membrane  becomes  gradually  smoother  as  it 
passes  into  that  of  the  urethra.  According  to  Henle,  the  muscular  fibres 
of  the  duct  are  separated  by  blood-vessels  as  it  passes  through  the 
prostate  and  form  the  trabeculee  of  a  layer  of  cavernous  tissue. 

These  ejaculatory  ducts  convey  the  fluids  contained  in  the  seminal 
vesicles  and  vasa  deferentia  into  the  urethra.  Their  canal  gradually 
narrows  as  they  approach  their  termination,  where  its  diameter  is 
reduced  to  the  fiftieth  of  an  inch. 

VESSELS    AND    NERVES    OF    THE    TESTIS. 

The  testicle  and  its  excretory  apparatus  receive  blood-vessels  and 
nerves  from  sources  which  are  different  from  those  giving  the  vascular 
and  nervous  supply  of  the  coverings  of  those  parts. 

The  spermatic  artery,  or  proper  artery  of  the  testicle;  is  a  slender 
and  remarkably  long  branch,  which  arises  from  the  abdominal  aorta, 
and  passing  down  the  posterior  abdominal  wall  reaches  the  spermatic 
cord,  and  descends  along  it  to  the  gland.  In  early  foetal  life  its  course 
is  much  shorter,  as  the  testis  is  then  situated  near  the  part  of  the  aorta 
from  which  the  artery  arises.  As  the  vessel  approaches  the  testicle,  it 
gives  off  small  branches  to  the  epididymis,  and  then  divides  into  others 
which  perforate  the  tunica  albuginea  at  the  back  of  the  gland,  and  pass 
through  the  corpus  Highmorianum ;  some  spread  out  on  the  internal 
surface  of  the  tunica  albuginea,  whilst  others  run  between  the  lobes 
of  the  testis,  supported  by  the  fibrous  processes  of  the  mediastinum. 
The  smallest  branches  ramify  on  the  delicate  membranous  septa 
between  the  lobes,  before  supplying  the  seminiferous  tubes. 

The  vas  deferens  receives  from  the  superior-  vesical  artery  a  long 
clender  branch  which  accompanies  the  duct,  and  hence  is  named  the 
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deferent  artery,  or  artery  of  the  vas  deferens.  It  i-amifies  on  the  coats 
of  the  duct,  and  reaches  as  far  as  the  testis,  where  it  anastomoses  with 
the  spermatic  artery. 

The  spermatic  veins  commence  in  the  testis  and  epididymis,  pass 
out  at  their  posterior  border,  and  unite  into  larger  vessels,  which  freely 
communicate  with  each  other  as  they  ascend  along  the  cord,  and  form 
the  pamjmiiform  2^^€xus.  Ultimately  two  or  three  veins  follow  the 
course  of  the  spermatic  artery  into  the  abdomen,  Avhere  they  unite  into 
a  single  trunk,  that  of  the  right  side  opening  into  the  vena  cava,  and 
that  of  the  left  into  the  left  renal  vein. 

The  lymphatics  accompany  the  spermatic  vessels  and  terminate  in 
the  lumbar  lymphatic  glands,  which  encircle  the  large  blood-vessels  in 
fL-ont  of  the  vertebral  column.  According  to  Ludwig  and  Tomsa,  as 
previously  stated,  they  begin  from  intercommunicating  lymph  spaces 
which  occupy  the  intervals  between  the  tubuli  seminiferi. 

The  nerves  are  derived  from  the  sympathetic  system.  The  sper- 
matic plexus  is  a  very  delicate  set  of  nervous  filaments,  which  descend 
upon  the  spermatic  artery  from  the  aortic  plexus.  Some  additional 
filaments,  which  are  very  minute,  come  from  the  hypogastric  plexus, 
and  accompany  the  artery  of  the  vas  deferens.  It  is  aifirmed  by  Let- 
zerich  (Virchow's  Archiv,  vol.  xlii.,  p.  510),  that  the  axial  filaments  of 
the  nerves  penetrate  the  external  wall  and  niembrana  propria  of  the 
seminal  tubes,  and  terminate  within  in  "  shining  granular  protoplasmic 
masses."  These  observations,  however,  have  not  been  confirmed  on 
examination  by  La  Valette  St.  George.     (Strieker's  Handbuch,  p.  543.) 

The  vesicute  seminales  receive  branches  from  the  inferior  vesical  and 
middle  hsemorrhoidal  arteries.  The  veins  and  lymphatics  correspond. 
The  nerves  belong  to  the  symnathetic  system,  and  come  from  the 
hypogastric  plexus. 

The  Semen. — The  semen  is  a  thick  whitish  fluid,  wliich  consists  of  a  liquor 
seminis,  the  seminal  granules,  and  the  spermatic  filaments.  It  is  the  combined 
product  of  the  testes  and  the  accessory  generative  glands. 

Fig.   323. — Spermatic    Filaments    fkom    the  Human  Vas 
Deferens  (from  Kollikei-). 

1,  magnified  350  diameters  ;  2,  magnified  800  diameters  ; 
,       a,  from  the  side  ;  h,  from  above. 

The  liqvior  seminis  is  colouiiess,  transparent,  and  of 
an  albuminous  natui-e.  It  contains  floating  in  it,  besides 
squamous  and  columnar  epithelium  cells,  oil-lite  globules 
and  minute  granular  matter,  seminal  gramdes  (Wagner), 
and  the  spermatozoa  or  spermatic  filaments. 

The  seminal  granules  are  rounded  colourless  cor- 
puscles, having  a  granular  aspect.  They  have  an  average 
diameter  of  about  ^^ 
to  rnucus-cori^uscles. 

The  Spermatic  filaments  or  Corpuscles  (Spermatozoa, 
spermatic  animalcules,)  are  pecvdiar  microscopic  bodies 
which  constitute  the  essential  element  for  fecimda- 
tion  of  the  ovum.  Duiing  life,  and  for  some  houi's  after 
being  removed  from  the  testicle,  they  perform  rapid 
vibratoiy  or  lashing  m.ovemeuts.  Each  consists  of  a  flattened  oval  part  or  so- 
called  body,  and  of  a  long  slender  filiform  tail.  The  body  is  about  ^^\\  of 
an  inch  long  and  xoooo*^  broad,  and  the  entii-e  corpuscle  is  from  gj^th  to  ^th  of 


THE  SEMEN. 


455 


an  inch  in  length.    The  body  often  contains  a  minute  spot,  and  at  its  Junction 
with  the  naiTow  filament  or  tail,  there  is  frequently  a  slight  thiclsening,  or 


Fig.  324.  —  Spermatic  Cells  and 
Filaments  of  the  Bull  undergo- 
INS  DEVELOPMENT   (froni  Kolliker). 

1,  spermatic  cells  with  one  or  two 
nuclei,  one  of  them  clear  ;  2,  3,  free 
nuclei  with  spermatic  filaments  form- 
ing ;  4,  the  filaments  elongated  and 
the  body  widened  ;  5,  filaments  nearly 
fully  developed. 


projecting  fringe  or  collar,  which 
is  most  apparent  in  corpuscles  not 
fully  developed. 

The  spermatic  corpuscles  are  pro- 
duced by  a  process  of  transforma- 
tion taking  place  withtu  the  cells 
which  occupy  the  seminiferous 
tubes  of  the  body  of  the  testicle  : 
it  is  completed  in  the  progress  of 
the  cells  through  the  rete  testis  and 

vasa  efferentia,  in  which  last  most  of  the  spermatic  filaments  ai'e  free,  and  have 
acquired  their  vibratory  motile  power.  The  process  of  transfonnation  was  first 
clearly  shown  by  Kolliker  in  mammalia,  in  which  he  described  the  spermatic 
cells  as  having  formed  -ndthia  them  by  division  a  smaller  or  greater  numbei:  of 


Fig.  325. 


Fig.  825. — Escape  of  the  Sfermatic  Cor- 
puscles FROM  their  Cells,  in  the  same 
Animal. 

1,  spermatic  cell  containing  the  spermatozoon 
coiled  up  within  it ;  2,  the  cells  elongated  by  the 
Ijartial  uncoiling  of  the  spermatic  filament  ;  3, 
a  cell  from  which  the  filament  has  in  part  become 
free  ;  4,  the  same  with  the  body  also  pai'tially 
free  ;  5,  spermatozoon  from  the  epididymis  with 
vestiges  of  the  cell  adherent  ;  6,  spermatozoon 
from  the  vas  deferens  s]io\ring  the  small  enlarge- 
ment, h,  on  the  filament. 


nuclei,   each  one  of   which   gives   rise   to  a 

filamentous  corpuscle.     (Handbuch    der   G-e- 

webelehre,  1867,  p.  .527,  and  Zeitsch.  f.  Wissen. 

ZooL,  vol.  vii.)    Subsequent  observers  have  in 

the  main  confirmed  the  views  of  Kolliker,  the 

only  difference  of  importance  between  them 

being  that  some,  as  Merkel  and  La  Valette  St. 

George,  appear  to  regard  the  interual  progeny 

of  the  spermatic  cells  as  complete  cells  rather 

than  nuclei.     Adoj)ting  the  language  of  the 

latter  obseiwers,  it  appears  that  the  so-called 

body  or  head  of  the  corpuscle  is  produced  by  a 

change  of  form  and  consistence  in  the  part  of 

the  cell  containing  the  nucleus,  which  projects  more  and  more  to  one  side  :  the  tail 

or  filament  begins  as  a  fine-pointed  projection   from   the   opposite   side  of  the 

cell,  and  extends  rapidly  as  a  filament,  at  first   withm  the  cell-wall,  bulging 

out  the  wall  as  it  increases  in  length,  and  finally  breaking  through  its  confine- 
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ment.  The  slight  intermediate  enlargement,  which  some  have  called  body,  and 
which  is  most  to  be  seen  before  the  process  of  formation  is  comiDlete,  appears 
to  be  due  to  the  remains  of  the  cell  adhering  to  the  head  and  tail,  which  have 
extended  beyond  its  coniines.  The  nucleolus  may  be  seen  for  a  time  within 
the  head.  (Schweigger-Seidel,  in  Schultze's  Arohiv,  vol.  i.,  La  Valette  St.  George, 
in  Strieker's  Handbuch,  p.  539,  Merkel,  in  Du  Bois-Reymond's  Archiv,  1871.) 

The  vibratile  or  lashing  motion  of  the  filament  belongs  to  the  fully  developed 
condition  of  the  corpuscle,  and  causes  the  progressive  eel-like  advance  when 
floating  in  fluid.  It  is  closely  allied  to  ciliary  motion,  and,  indeed,  the  spermatic 
corpuscle  may  be  regarded  as  in  some  measm-e  analogous  to  a  uniciliated  cell. 

The  filamentous  form  and  ciliary  vibratile  movement  belong  to  the  fully 
developed  spermatic  coi-puscles  of  by  far  the  greater  number  of  animals,  extending 
to  the  lowest  as  well  as  the  highest  in  the  scale.  Exceptional  non-filamentous 
forms,  with  absence  of  vibratile  motion  occiu-  in  the  Crustacea  and  nematoid 
woi-ms,  but  the  origin  of  the  corpuscles  from  speiTuatic  cells  is  never-theless  the 
same  in  these  as  in  other  animals. 

(Wagner  and  Leuckart,  Ai-ticle  "  Semen  "  in  Cyclop,  of  Anat.  and  Phys.  ; 
Kolliker  in  Handbuch.) 

EEPRODUCTIVE  ORGANS  IN"  THE  FEMALE. 

The  reproductive  organs  in  the  female  consist  of  the  ovaries,  uterus, 
and  Fallopian  tubes,  which  are  named  the  internal,  and  the  vagina, 
clitoris,  nymphee,  labia,  and  other  parts  included  in  the  vulva,  named 
the  external  organs  of  generation. 

THE    VULVA 

The  vvlva,  or  fudendum,  is  a  general  term,  which  includes  all  the 
parts  perceptible  externally,  viz.,  the  mons  Veneris,  the  labia,  the 
hymen  or  carunculse,  the  clitoris,  and  the  nymphee.  The  urethra  also 
may  be  described  in  connection  with  these  parts. 

Integuments  and  Seabia. — The  integument  on  the  fore  part  of  the 
pubic  symphysis,  elevated  by  a  quantity  of  areolar  and  adipose  sub- 
stance deposited  beneath  it,  and  covered  with  hair,  is  termed  the  mons 
Veneris.  The  Icibia  ])udendi  (labia  externa  v.  majora)  extend  downwards 
and  backwards  from  the  mons,  gradually  becoming  thinner  as  they 
descend.  They  form  tAVo  rounded  folds  of  integument  so  placed  as  to 
leave  an  elliptic  interval  {rimct)  between  them,  the  outer  surface  of  each 
being  continuous  with  the  skin,  and  covered  with  scattered  hairs, 
whilst  the  inner  is  lined  by  the  commencement  of  the  genito-urinary 
mucous  membrane.  Between  the  skin  and  mucous  membrane  there  is 
found,  besides  fat,  vessels,  nerves,  and  glands,  some  tissue  resembliug 
that  of  the  dartos  in  the  scrotum  of  the  male,  to  which  the  labia  in  the 
main  correspond.  The  labia  majora  unite  beneath  the  mons  and  also 
in  front  of  the  perineum,  the  two  points  of  union  being  called  the 
anterior  and  posterior  commissures.  The  posterior  or  inferior  com- 
missure is  about  an  inch  distant  from  the  margin  of  the  anus,  and  this 
interval  is  named  the  perineum  of  the  female.  Immediately  within 
the  posterior  commissure,  the  labia  are  connected  by  a  slight  transverse 
fold  {frmmlum ]3udendi),  which  has  also  received  the  name  of  fourcJiette, 
and  is  frequently  torn  in  the  first  parturition.  The  space  between  it 
and  the  commissure  has  been  called  fossa  navicidaris. 

Clitoris. — Beneath  the  anterior  commissure,  and  concealed  between 
the  labia,  is  the  clitoris,  a  -.small  elongated  body  corresponding  in  con- 
formation and  structure  to  a  diminutive  penis,  but  differing  in  having 
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no  corpus  spongiosmn  or  uretbra  connected  ^vith  it  below.  It  consists 
of  two  coiyora  cavernosa,  wbicb  are  attached  by  crura  to  the  rami  of 
the  ischium  and  pubes,  and  are  united  together  by  their  flattened  inner 
surfaces  so  as  to  form  an  incomplete  pectiniform  septum.  The  body  of 
the  clitoris,  which  is  about  an  inch  and  a  half  long,  but  is  hidden 
beneath  the  mucous  membrane,  is  surmounted  by  a  small  glans,  con- 
sisting of  spongy  erectile  tissue.  The  glans  is  imperforate,  highly 
sensitive,  and  surrounded  superiorly  by  a  membranous  fold,  analogous 
to  the  prepuce.  There  is  a  small  suspensory  ligament  attached  to  the 
upper  border,  like  that  of  the  penis,  and  in  fi'ont  of  this  the  clitoris  is 
dependent.  The  two  ischio-cavernous  muscles,  named  in  the  female 
erectores  clitoridis,  have  the  same  connections  as  in  the  male,  being 
inserted  into  the  crura  of  the  corpora  cavernosa. 

NymphaB. — From  the  glans  and  preputial  covering  of  the  clitoris 
two  narrow  pendulous  folds  of  mucous  membrane  pass  backwards  for 
about  an  inch  and  a  half,  one  on  each  side  of  the  entrance  to  the 
vagina.  These  are  the  nymphcB  (labia  interna  v.  minora).  Their  inner 
surface  is  continuous  with  that  of  the  vagina  ;  the  external  insensibly 
passes  into  that  of  the  labia  majora.  They  contain  vessels  between  the 
laminse  of  tegumentary  membrane,  but,  according  to  Kobelt,  no  erectile 
plexus  ;  indeed,  they  would  seem  to  correspond  to  the  cutaneous  cover- 
ing of  the  male  urethra  (supposed  to  be  split  open  below),  while  the 
erectile  structure  corresponding  to  the  bulb  and  spongy  body,  in  two 
separate  right  and  left  halves,  lies  deeper,  as  will  be  presently  explained. 
(Kobelt  Die  miinnlichen  und  weiblichen  Wohllustorgane,  1844.) 


Fig.  325. 


Fig.  326. — Lateral  View  of  the  Erectile 
Structures  op  the  External  Organs  in 
THE  Female  (from  Kobelt).     | 

The  blood-vessels  have  been  injected, 
and  the  skin  and  mucous  membrane  have 
been  removed  ;  a,  bulbus  vestibuli ;  c, 
jilexus  of  veins  named  pars  intermedia  ;  c, 
glans  clitoridis  ;  /,  body  of  the  clitoris  ;  li, 
dorsal  vein ;  I,  right  crus  clitoridis  ;  in, 
vestibule  ;  n,  right  gland  of  Bartholin. 


Vestiljiile. — Between  the  nym- 
phge  is  the  angular  interval  called 
the  vestibule.,  in  which  is  situated 
the  circular  orifice  of  the  urethra, 
or  meatus  urinarius,  about  an  inch 
below  the  clitoris  and  just  above 
the  entrance  to  the  vagina.  The 
membrane  which  surrounds  this 
orifice  is  rather  prominent  in  most 
instances,  so  as  readily  to  indicate 
its  situation. 

Orifice  of  the  Vagina^ — Immediately  below  the  orifice  of  the 
urethra  is  the  entrance  to  the  vagina,  which,  in  the  virgin,  is  usually 
more  or  less  narrowed  by  the  hymen.  This  is  a  thin  cluplicature  of 
the  mucous  membrane,  placed  at  the  entrance  to  the  vagina  ;  its  form 
varies  very  considerably  in  different  persons,  but  is  most  frequently 
semilunar,  the  concave  margin  being  directed  forwards  towards  the 
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pubes.  Sometimes  it  is  circular,  and  is  perforated  only  by  a  small 
round  orifice,  placed  usually  a  little  above  the  centre  ;  and  occasionally 
it  is  cribriform,  or  pierced  with  several  small  apertures ;  and  it  may  in 
rare  instances  completely  close  the  vagina,  constituting  "  imperforate 
hymen."  On  the  other  hand,  it  is  often  reduced  to  a  mere  fringe,  or  it 
may  be  entirely  absent.  After  its  rupture,  some  small  rounded  eleva- 
tions remain,  called  cariinculm  myrtiformes. 

The  mucous  membrane  may  be  traced  inwards  from  the  borders  of 
the  labia  majora,  where  it  is  continuous  with  the  skin  :  it  forms  a  fold 
over  the  vascular  tissue  of  the  nymph^e,  and  is  then  prolonged  into  the 
urethra  and  vagina.  It  is  smooth,  reddish  in  colour,  is  covered  by  a 
Ecaly  epithelium,  and  is  provided  with  a  considerable  number  of  mucous 
crypts  or  follicles,  and  with  glands  which  secrete  an  unctuous  and 
odorous  substance.  The  mucous  crypts  and  follicles  are  especially  dis- 
tinct on  the  inner  surface  of  the  nymphge,  and  near  the  orifice  of  the 
urethra.  The  sebaceous  glands  are  found  beneath  the  prepuce,  and 
upon  the  labia  majora  and  outer  surface  of  the  nympha3. 

The  glands  of  Eartlxolin  (or  of  Duverney),  corresponding  to 
Cowper's  glands  in  the  male,  are  two  reddish  yellow  round  or  oval 
bodies,  measuring  about  half  an  inch  in  the  longest  diameter,  lodged 
one  on  each  side  of  the  commencement  of  the  vagina,  between  it  and 
the  erectores  clitoridis  muscles,  beneath  the  superficial  perineal  fascia, 
and  in  front  of  the  transverse  muscles.     Their  ducts,  which  are  long 

Fie.  327. 


Fig.  -327. — Front  View  of  the  Erectile  Structures  op  the  External  Organs  m 
THE  Female  (from  Kobelt).     | 

a,  bulbus  vestiLuli  ;  h,  sphincter  vaginaj  muscle  ;  e,  e,  venous  plexus  or  pars  inter- 
media ;  /,  glans  clitoridis  ;  c/,  connecting  veins  ;  k,  dorsal  vein  of  the  clitoris  ;  k,  veins 
passing  beneath  the  pubes  ;  I,  the  obturator  vein. 

and  single,  run  forward  and  open  on  the  inner  aspect  of  the  nymphge, 
outside  the  hymen  or  caruncul^e  myrtiformes. 

Erectile  tissue. — All  the  parts  of  the  vulva  are  supplied  abundantly 
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"with  blood-vessels,  and  in  certain  situations  there  are  masses  composed 
of  Tenons  plexuses,  or  erectile  tissue,  corresponding  to  those  found  in 
the  male.  Besides  the  corpora  cavernosa  and  glans  clitoridis,  already 
referred  to,  there  are  two  large  leech-shaped  masses,  the  hilM  vestihdi, 
about  an  inch  long,  consisting  of  a  network  of  veins,  enclosed  in  a 
fibrous  membrane,  and  lying  one  on  each  side  of  the  vestibule,  a  little 
behind  the  nymphs.  They  are  rather  pointed  at  their  upper  extremi- 
ties, and  rounded  below  :  they  are  suspended,  as  it  were,  to  the  crura 
of  the  clitoris  and  the  rami  of  the  pubes,  covered  internally  by  the 
mucous  membrane,  and  embraced  on  the  outer  side  by  the  fibres  of  the 
constrictor  vaginas  muscle.  They  are  together  equivalent  to  the  bulb 
of  the  urethra  in  the  male,  which,  it  will  be  remembered,  presents  traces 
of  a  median  division.  In  front  of  the  bipartite  bulb  of  the  vestibule  is 
a  smaller  plexus  on  each  side,  the  vessels  of  which  are  directly  con- 
tinuous with  those  of  the  bulbus  vestibuli  behind,  and  of  the  glans 
clitoridis  in  fi'ont.  This  is  the  jmts  intermedia  of  Kobelt,  and  is  regarded 
by  him  as  corresponding  with  the  part  of  the  male  corpus  spongiosum 
urethra  which  is  in  front  of  the  bulb  :  it  receives  large  veins  coming 
direct  from  the  nymphse. 

Blood-Vessels. — The  outermost  parts  of  the  vtilva  are  supplied  by  the  superficial 
pudendal  arteries ;  the  deeper  pails  and  all  the  erectile  tissues  receive  branches 
from  the  internal  pudic  arteries,  as  in  the  male.  The  veins  also  in  a  great 
measure  correspond ;  there  is  a  vena  dorsalis  clitoridis,  receiving  branches  from 
the  g'lans  and  other  parts  as  in  the  male  ;  the  veins  of  the  bulbus  vestibuli  pass 
backwards  into  the  vaginal  plexuses,  and  are  connected  also  with  the  obturator 
veins  :  above  they  communicate  with  the  veins  of  the  pars  intermedia,  those  of 
the  coi-pora  cavernosa  and  the  glans  of  the  clitoris,  and  also  with  the  vena 
dorsalis.    The  lymphatics  accompany  the  blood-vessels. 

Nerves. — Besides  sympathetic  branches,  which  descend  along  the  arteries, 
especially  for  the  erectile  tissues,  there  are  other  nerves  proceeding  from  the 
lumbar  and  sacral  plexuses  ;  those  from  the  former  being  branches  of  the  genito- 
crural,  and  those  from  the  latter  of  the  inferior  pudendal  and  internal  pudic 
nerves,  which  last  sends  comparatively  large  branches  to  the  clitoris.  The  mode 
of  termination  is  not  known  with  certainty  ;  tactile  corpuscles  have  been  seen 
in  the  human  clitoris,  and  Pacinian  bodies  in  that  of  some  animals. 


THE  FElMAIiE  URETHRA. 

The  female  urethra  is  short  as  compared  with  that  of  the  male  sex. 
It  is  about  an  inch  and  a  half  in  length,  and  is  wide  and  capable 
of  great  distension  ;  its  ordinary  diameter  is  about  three  or  four 
lines,  but  it  enlarges  towards  its  vesical  orifice.  The  direction  of  this 
canal  is  mainly  downwards  with  a  slight  curvature  forwards.  It  lies 
embedded  in  the  anterior  wall  of  the  vagina,  from  which  it  can  only 
be  separated  by  dissection. 

The  external  orifice,  or  meatus  urinarius,  opens  in  the  vulva,  nearly 
an  inch  below  and  behind  the  clitoris,  between  the  nympliEe,  and  imme- 
diately above  the  entrance  to  the  vagina.  From  its  orifice,  which  is  its 
narrowest  part,  the  canal  nasses  upwards  and  backwards  between  the 
crura  of  the  clitoris  and  behind  the  pubes,  gradually  enlarging  into  a 
funnel-shaped  opening  as  it  approaches  and  joins  the  neck  of  the 
bladder.  There  is  also  a  dilatation  in  the  back  of  the  canal,  just  within 
the  meatus. 
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The  mucous  membrane  is  whitish,  except  near  the  orifice ;  it  is 
raised  into  longitudinal  plica3,  which  are  not  entirely  obliterated  by 
distension,  especially  one  which  is  particularly  marked  on  the  lower  or 
posterior  surface  of  the  urethra.  Near  the  bladder  the  membrane  is 
soft  and  pulpy,  with  many  tubular  mucous  glands.  Lower  down  these 
increase  in  size  and  lie  in  groups  between  the  longitudinal  folds,  and 
immediately  within  and  around  the  orifice,  the  lips  of  which  are  ele- 
vated, are  several  larger  and  wider  crypts. 

The  lining  membrane  is  covered  with  a  scaly  epithelium,  but  near 
the  bladder  the  particles  become  spheroidal.  The  submucous  areolar 
tissue  contains  elastic  fibres.  Outside  this  there  is  a  highly  vascular 
structure,  in  which  are  many  large  veins.  Between  the  anterior  and 
posterior  layers  of  the  triangular  ligament,  the  female  urethra  is  em- 
braced by  the  fibres  of  the  compressor  urethrge  muscle. 

The  vessels  and  nerves  of  the  female  urethra  are  very  numerous,  and 
are  derived  from  the  same  sources  as  those  of  the  vagina. 

THE  VAGINA. 

The  vagina  is  a  membranous  and  dilatable  passage,  extending  from 
the  vulva  to  the  uterus,  the  neck  of  which  is  embraced  by  it.  It  rests 
below  and  behind  on  the  rectum,  supports  the  bladder  and  urethra  in 
front,  and  is  enclosed  between  the  levatores  ani  muscles  at  the  sides. 
It  is  slightly  curved  and  is  directed  upwards  and  backwards  :  its  axis 
corresponding  below  with  that  of  the  outlet  of  the  pelvis,  and  higher 
up  with  that  of  the  pelvic  cavity.  In  consequence  of  its  curvature  and 
its  reaching  higher  on  the  back  than  on  the  front  of  the  os  uteri,  its 
length  is  greater  along  the  posterior  than  along  the  anterior  wall,  by 
about  an  inch  and  a  half.  Each  end  of  the  vagina  is  somewhat  nar- 
rower than  the  middle  part :  the  lower,  which  is  continuous  with  the 
vulva,  is  the  narrowest  part,  and  has  its  long  diameter  from  before 
backwards  ;  the  middle  part  is  widest  from  side  to  side,  being  flattened 
from  before  backwards,  so  that  its  anterior  and  posterior  walls  are 
ordinarily  in  contact  with  each  other  :  at  its  upper  end  it  is  rounded, 
and  expands  to  receive  the  vaginal  portion  of  the  neck  of  the  uterus, 
which  is  embraced  by  it  at  some  distance  above  the  os  uteri.  The 
vagina  reaches  higher  up  on  the  cervix  uteri  behind  than  in  front,  so 
that  the  uterus  appears,  as  it  were,  to  be  inserted  into  its  anterior  wall. 

On  the  inner  surface  of  the  vagina,  anteriorly  and  posteriorly,  a 
slightly  elevated  ridge  extends  from  the  lower  end  upwards  in  the 
middle  line,  forming  the  columns  of  the  vagina,  or  columnce  rugarum. 
Numerous  dentated  transverse  ridges,  called  rugce,  are  also  observed, 
particularly  in  persons  who  have  not  borne  children,  running  at  right 
angles  from  the  columns.  These  columns  and  rug^  are  most  evident 
near  the  entrance  of  the  vagina  and  on  the  anterior  surface,  and 
gradually  become  less  marked,  and  disappear  towards  its  upper  end. 

Structure  asid  connections. — The  walls  of  the  vagina  are  thickest 
in  front,  in  the  vicinity  of  the  urethra,  which  indeed  may  be  said  to  be 
imbedded  in  the  anterior  wall  of  the  vaginal  passage  ;  in  other  situa- 
tions they  are  thinner.  The  vagina  is  firmly  connected  by  areolar 
tissue  to  the  neck  of  the  bladder,  and  only  loosely  to  the  rectum  and 
levatores  ani  muscles  ;  at  the  upper  end,  for  about  a  fourth  part  of  its 
length,  its  posterior  surface  receives  a  covering  from  the  peritoneum, 
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"which' descends  in  the  form  of  a  cul-de-sac  thus  far  between  the  vagina 
and  the  rectum. 

Externally  tlieivagina  presents  a  coat  of  dense  areolar  tissue,  and 
beneath  this  its  waUs  are  composed  of  nnstriped  muscle,  which  is  not 


Fis.  328. 


Fiff.  328. 


-Sectio^'al  View  of  the  Viscera  of  the  Female  Pelvis  (after  Houston  cand 
from  nature).      (A.  T.)    i 


The  pelvic  -viscera  having  been  distended  and  hardened  with  alcohol  previously  to  mak- 
ing the  section,  appear  somewhat  larger  than  natural.  p,  promontory  of  the  sacrum  ; 
s,  symphysis  of  the  pubes  ;  r.  the  upper  part  of  the  urinary  bladder  ;  v',  tlie  neck  ; 
v',  n,  the  urethra  ;  u,  the  uterus  ;  va,  the  vagina ;  r,  the  point  of  union  of  the  middle 
and  lower  parts  of  the  Tectum  ;  r',  the  fold  between  the  middle  and  upper  parts  of  the 
rectum  ;  a,  the  anus  ;  I,  the  right  labium  ;  n,  the  right  nympha  ;  h,  the  hymen  ;  cl,  the 
divided  clitoris  with  the  prepuce. 


distinctly  separable  into  strata,  but  is  composed  chiefly  of  fibres 
internally  circular  and  externally  longitudinal.  Eound  the  tube  a 
layer  of  loose  erectile  tissue  is  found,  which  is  most  marked  towards 
the  vulva. 

At  its  lower  end,  the  vagina  is  embraced  by  striated  muscular  fibres, 
which  constitute  the  si)limder  vagince,  already  described. 

The  mucous  membrane,  besides  the  columns  and  rugte,  is  provided 
with  conical  and  filiform  papillte,  numerous  muciparous  glands  and 
follicles,  especially  in  its  upper  smoother  portion  and  round  the  cervix 
uteri.  This  membrane,  which  is  continuous  with  that  of  the  uterus,  is 
covered  with  a  squamous  epithelium. 
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"Vessels  and  Nerves. — The  vagina  is  largely  supplied  with  vessels  and  nerves. 
Tlie  arteries  are  derived  from  branches  of  the  internal  iliac,  viz.,  the  vaginal, 
internal  pudic,  vesical,  and  uterine.  The  veins  correspond  ;  but  they  first 
surround  the  vagina  with  numerous  branches,  and  form  at  each  side  a  plexus 
named  tl^e  vaginal  plexus.  The  nerves  are  derived  from  the  hjTpogastric  plexus 
of  tlie  sympathetic,  and  from  the  fourth  sacral  and  padic  nerves  of  the  spinal 
system  ;  the  fonner  are  traceable  to  the  erectile  tissue. 

THE    UTERUS. 

The  uterus  (or  tvomb,  matrix,  varepov.)  is  a  hollow,  muscular  organ, 
with  very  thick  walls,  situated  in  the  pelvic  cavity  between  the  rectum 
and  the  urinary  bladder.  In  the  case  of  pregnancy  it  receives  the 
ovum,  re-tains  and  supports  it  during  the  development  of  the  fcetus,  and 
expels  it  at  the  time  of  parturition.  The  Fallopian  tubes,  extending 
from  each  upper  angle  of  the  uterus  to  their  ovarian  opening,  conduct 
the  ovum  fi-om  the  ovary  to  the  uterine  cavity.  During  utero-gestation, 
the  uterus  undergoes  a  great  enlargement  in  size  and  capacity,  as  well 
as  important  structural  changes., 


Fig.  329. — Anterior  View  of  the  Uterus  and  its  Appendages.  J 
a,  fundus  ;  h,  body  ;  c,  cervix  ;  e,  front  of  the  upper  part  of  the  vagina  ;  n,  n,  round 
ligaments  ;  r,  r,  broad  ligaments  ;  s,  s,  Fallopian  tubes  ;  t,  their  fimbriated  extremities  ;  u, 
ostium  abdominale  ;  the  position  of  the  ovaries  is  indicated  through  the  broad  ligaments, 
and  the  cut  edge  of  the  peritoneum  is  shown  along  the  side  of  the  broad  ligaments  and 
across  the  front  of  tlie  uterus. 

In  the  fully  developed  virgin  condition,  which  is  that  to  which,  the 
following  description  mainly  applies,  it  is  a  somewhat  pear-shaped  body, 
flattened  from  before  backwards,  fi'ee  above,  and  connected  below  with 
the  vagina,  into  the  upper  end  of  which  its  lower  extremity  projects.  It 
does  not  reach  above  the  brim  of  the  pelvis.  Its  upper  end  is  directed 
upwards  and  forwards,  the  lower  downwards  and  backwards  ;  so  that 
its  axis  corresponds  witn  that  of  the  inlet  of  the  pelvis,  and  forms  an 
angle  or  sudden  curve  with  the  axis  of  the  vagina,  which  corresponds 
more  nearly  with  that  of  the  outlet  of  the  cavity.  The  uterus  projects 
upwards  into  a  fold  of  the  peritoneum,  by  which  the  body  is  invested 
both  before  and  behind,  and  the  neck  also  behind,  but  in  front  the  peri- 
toneum does  not  descend  farther  than  the  body.     Its  free  surface  is  in. 
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contact  with  the  other  pelvic  viscera,  some  convolutions  of  the  small 
intestine  usually  lying;  upou  and  behind  it.  From  its  two  sides  the 
peritoneum  is  reflected  in  the  form  of  a  broad  duplicature,  named  the 
ligaraentum  latum,  which,  together  with  the  parts  contained  within  it, 
will  be  presently  described. 

The  average  dimensions  of  the  uterus  are  about  three  inches  in 
length,  two  in  breadth  at  its  upper  and  wider  part,  and  nearly  an  inch 
in  thickness  :  its  weight  is  from  seven  to  twelve  drachms.  It  is  usually 
described  as  possessing  a  fundus,  body,  and  neck. 

The  fundus  is  the  broad  bulging  upper  end  of  the  bodj',  and  j^rojects 
upwards  from  between  the  points  of  attachment  of  the  Fallopian  tubes. 
The  hody  gradually  narrows  as  it  extends  from  the  fundus  to  the  neck ; 
its  sides  are  nearly  straight ;  its  anterior  and  posterior  surfaces  are 
both  somewhat  convex,  but  the  latter  more  so  than  the  former.  At  the 
points  of  union  of  the  sides  with  the  rounded  superior  border  are  two 
projecting  angles,  with  which  the  Fallopian  tubes  are  coimected,  the 
round  ligaments  being  attached  a  little  before,  and  the  ovarian  liga- 
ments behind  and  beneath  them  ;  these  three  parts  are  all  included 
within  the  peritoneal  duplicature  of  the  broad  ligaments.  The  necJc,  or 
cervix  uteri,  narrower  and  more  rounded  than  the  rest  of  the  organ,  is 
nearly  an  inch  in  length ;  it  is  continuous  above  with  the  body, 
and,  becoming  somewhat  smaller  towards  its  lower  extremity  projects 
into  the  upper  end  of  the  tube  of  the  vagina,  which  is  united  all 
round  with  the  substance  of  the  uterus,  but  extends  upwards  to   a 


Fig.  330. 
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Fig.  330. — Posterior  View  of  the  Uterus  and  its  Appendages. 
Tlie  cavity  of  tlie  uterus  has  been  opened  by  tbe  removal  of  the  posterior  wall,  and 
the  upper  jjart  of  the  vagina  has  been  laid  opes.  ;  a,  fundus  ;  h,  body  ;  c,  cervix  ;  d, 
anterior  lip  of  the  os  uteri  externum  ;  e,  the  interior  of  the  vagina  ;  /,  section  of  the 
■walls  of  the  uterus ;  i,  opening  of  the  Fallopian  tube  ;  o,  ovary  ;  p,  ligament  of  the 
ovary  ;  r,  broad  ligament ;  s.  Fallopian  tube,  t,  its  fimbriated  extremity. 


greater  distance  behind  than  in  front.  The  projecting  portion  of  the 
uterus  is  sometimes  named  the  vaginal  part.  The  lower  end  of  the 
uterus  presents  a  transverse  aperture,  by  which  its  cavity  opens  into  the 
vagina  ;  this  is  named  variously  os  uteri,  os  loteri  externum,  and  (from  a 
supposed  likeness  to  the  mouth  of  the  tench  fish)  os  tincce.  It  is 
bounded  by  two  thick  lips,  the  posterior  of  which  is  the  thinner  and 


4Gi  THE   UTERUS. 

longer  of  the  two,  while  the  anterior,  although  projecting  less  from  its 
vaginal  attachment,  is  lower  in  position,  and,  when  the  tube  is  closed, 
comes  into  contact  with  the  posterior  wall  of  the  vagina.  These 
borders  or  lips  are  generally  smooth,  but,  after  parturition,  they 
frequently  become  irregular,  and  are  sometimes  fissured  or  cleft. 

The  walls  of  the  uterus  are  of  great  thickness,  and  the  cavity  is  thus 
proportionately  much  reduced  in  size.  The  part  within  the  body  is 
triangular,  and  flattened  from  before  backwards,  so  that  its  anterior 
and  posterior  walls  touch  each  other.  The  base  of  the  triangle  is 
directed  upwards,  and  is  curvilinear,  the  convexity  being  turned  to- 
wards the  interior  of  the  uterus.  The  cavity,  narrowing  gradually,  is 
prolonged  through  the  wall  of  the  organ  towards  its  two  superior 
angles,  at  each  of  which  a  minute  foramen  leads  into  the  narrow  canal 
Off  the  Fallopian  tube.  At  the  junction  of  the  body  with  the  neck,  the 
cavity  is  slightly  constricted,  and  thus  forms  what  is  sometimes  named 
the  internal  orifice  (os  uteri  internum,  isthmus  vel  ostium'  uteri)  ;  this 
opening  is  often  smaller  than  the  os  externum,  and  is  of  a  circular  form. 
That  portion  of  the  cavity  which  is  within  the  necJc  is  tubular  and  slightly 
flattened  before  and  behind  ;  it  is  somewhat  dilated  in  the  middle,  and 
opens  inferiorly  into  the  vagina  by  the  os  tincse.  Its  inner  surface  is 
marked  by  two  longitudinal  ridges  or  columns,  Avhich  run,  one  on  the 
anterior,  the  other  on  the  posterior  wall,  and  from  both  of  which  rug^e 
are  directed  obliquely  upwards  on  each  side,  so  as  to  present  an  appear- 
ance which  has  been  named  arl)or  vitce  uterinus,  also  palmce  plicatce : 
this  structure  is  most  strongly  marked  anteriorly. 

Structure. — The  walls  of  the  uterus  consist  of  an  external  serous 
covering,  an  internal  mucous  membrane,  and  a  thick  intermediate 
substance  which  is  chiefly  muscular.  The  serous  covering  or  ^^eritoneal 
layer  has  been  already  referred  to. 

Muscular  Wall. — The  thick  middle  part  of  the  wall  of  the  uterus 
is  of  a  very  dense  consistence :  it  is  mainly  composed  of  bundles  of 
muscular  fibres  of  the  plain  variety,  of  small  size  in  the  unimpregnated 
uterus,  but  greatly  enlarged  in  the  gravid  state.  These  fibres  inter- 
lace closely  with  each  other,  but  are  disposed  in  bands  and  layers,  and 
are  intermixed  with  fibro-areolar  tissue,  a  large  number  of  blood-vessels 
and  lymphatics,  and  some  nerves.  The  areolar  tissue  is  more  abundant 
near  the  outer  surface.  The  arrangement  of  the  muscular  fibres  is  best 
studied  in  the  uterus  at  the  full  period  of  gestation,  in  which  the  bands 
and  layers  formed  by  them  become  augmented  in  size,  aud  much  more 
distinctly  developed.  They  may  be  referred  to  three  sets  or  orders, 
viz.,  external,  internal,  and  intermediate.  Those  of  the  external  set  are 
arranged  partly  in  a  thin  superficial  sheet,  immediately  beneath  the 
peritoneum,  and  partly  in  bands  and  incomplete  strata,  situated  more 
deeply.  A  large  share  of  these  fibres,  beginning  as  longitudinal  bands 
at  the  cervix,  arch  transversely  and  obliquely  over  the  fundus  and 
adjoining  part  of  the  body  of  the  organ,  and  converge  at  either  side 
^towards  the  commencement  of  the  round  ligaments,  along  which  thQj 
are  in  part  prolonged  to  the  groin.  Others  pass  ofl"  in  like  manner  to 
the  Fallopian  tubes,  and  strong  transverse  bands  from  the  anterior  and 
posterior  surfaces  are  extended  into  the  ovarian  ligaments.  A  con- 
siderable number  of  thinly  scattered  fibres  also  pass  at  each  side  into 
the  duplicature  of  the  broad  ligament,  and  others  are  described  as  run- 
ning back  from  the  cervix  of  the  uterus  into  the  recto-uterine  folds  of 
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the  peritoneum.  The  fibres  of  the  subperitoneal  layer  are  much  mixed 
with  areolar  tissue,  especially  about  the  middle  of  the  anterior  and 
posterior  surfaces  of  the  uterus,  in  which  situation  many  of  the  super- 
ficial fibres  appear  to  haye  as  it  were  a  median  attachment  from  which 
they  diyerge.  The  fibres  of  the  intermediate  layer,  which  is  compara- 
tively thin,  begin  chiefly  on  the  back  of  the  uterus,  and  stretch  over 
the  fundus  and  towards  the  sides,  running  somewhat  irregularly  between 
the  blood-vessels.  The  inner  layer,  which  is  much  the  thickest  of  the 
three,  consists  of  bands  of  fibres  which  are  disposed  with  comparative 
regularity  in  its  upper  part,  being  arranged  there  in  numerous  con- 
centric rings  round  the  openings  of  the  two  Fallopian  tubes,  the  widest 
circles  of  the  two  series  meeting  from  opposite  sides  in  the  middle  of 
the  uterus.  In  the  lower  part  of  the  body,  and  in  the  cervix  the 
internal  fibres  run  more  transversely,  crossing  each  other  at  narrow 
angles  in  the  most  various  directions.  They  form  the  so-called  sphinc- 
ters of  the  OS  internum  and  os  externum.  At  the  neck,  however,  there 
are  also  longitudinal  fibres  within  the  strong  transverse  fibres  of  the 
layer  now  described.  (Helie,  Eech.  sur  la  dispos.  des  fibres  musculaires 
del'uterus,  Paris,  1869.) 

The  long  spindle-shaped  cells  of  the  uterine  muscular  tissue  are  very 
closely  united  together  by  cement  substance,  forming  bundles  which 
are  again  connected  by  areolar  tissue.  The  fibre-cells  possess  distinct 
oval  nuclei ;  they  are  about  xio^^^  of  an  inch  in  length  in  the  unirn- 
pregnated  uterus,  hut  attain  sometimes  the  length  of  -^^  th  of  an  inch 
in  the  gravid  condition. 

Mucons  Membrane. — The  mucous  membrane  lining  the  cavity  of 
the  body  of  the  uterus  differs  greatly  from  that  of  the  interior  of  the 
cervix,  a  marked  line  of  distinction  separating  the  two  parts  at  the 
isthmus. 

The  memhrane  of  the  cervix  is  much  firmer  than  that  of  the  body. 
Between  the  rugae  of  the  so-called  arl)or  vitae  there  are  numerous  folli- 
cular glands,  which  are  lined  with  cubical  epithelium,  contain  a  clear 
alcaline  fiuid,  and  open  by  minute  orifices  on  the  surface.  In  the  lower 
half  of  the  cervix  the  mucous  membrane  is  beset  with  vascular  papilla3= 
The  epithelium  of  the  cervix  as  a  whole  is  cylindrical  and  ciliated : 
towards  the  os  externum  this  passes  into  transitional  and  flat  epithe- 
lium. Besides  the  follicular  glands  now  mentioned,  there  are  also  the 
so-called  ovula  Nohothi,  a  set  of  clear  or  yellowish  vesicles  of  variable 
size,  but  visible  to  the  naked  eye,  embedded  in  the  folds  of  the  mem- 
brane, and  extending  down  to  the  os  externum.  These  may  arise  from 
closed  and  distended  follicles  ;  but  their  exact  nature  is  still  doubtful. 

During  pregnancy  the  mucous  glands  of  the  cervix  secrete  a  consider- 
able quantity  of  tenaceous  mucus,  which  effectually  closes  the  passage 
downwards  from  the  uterine  cavity. 

The  mucous  memhrane  of  the  triangular  cavity  of  the  tody  is  smooth, 
and  in  the  unimpregnated  state  entirely  devoid  of  ridges,  and  is  of  a 
peculiar  soft  or  delicate  spongy  consistence,  and  of  a  dull,  reddish 
colour.  With  a  magnifying  lens  of  an  inch  focus  its  surface  is  seen  to 
be  covered  with  a  great  many  closely  set  small  spots,  in  which  may  be 
detected  the  orifices  of  the  utricular  glands.  This  mucous  membrane 
appears  to  be  without  any  supporting  connective  tissue,  and  its  thick- 
ness is  made  up  mainly  of  its  proper  glands,  between  which  is  a  some- 
what confused  mass  of  small  nuclei,  cells  of  various  form  and  sise. 
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fibres  in  different  stages  of  development,  together  with  a  consider- 
able quantity  of  intervening  granular  substance,  and  some  plain  mus- 
cular fibres  derived  from  the  inner  muscular  layer  of  the  uterine  wall. 

Uterine  glands. — In  the  dog,  as  firsfc  shown  by  Sharpey  (Miiller's 
Physiol.,  by  Baly,  1842,  p.  1574),  and  in  various  other  animals,  there  are 
two  forms  of  the  uterine  glands  ;  but  in  the  human  species  it  appears 
that  there  is  only  one  form,  viz.,  that  of  more  or  less  convoluted  and 
generally  simple  tubes.  They  are  also,  however,  sometimes  a  little 
branched.  Their  form  is  generally  that  of  equal  cylinders  throughout 
the  length  of  the  tube,  with  a  slight  dilatation  in  many  towards  the 
deep  or  closed  extremities  (E.  H.  Weber,  Zusiitze  zur  Lehre  vom  Baue, 
&c.,  der  Geschlechtsorgane,  1846).  Being  set  perpendicularly  to  the 
surface,  and  slightly  convoluted,  they  are  necessarily  somewhat  longer 
than  the  thickness  of  the  membrane.  Towards  the  fundus,  the  outer 
parts  of  the  glands  lie  somewhat  more  obliquely. 

Each  gland  is  composed  of  a  delicate  basement  membrane,  with  em- 
bedded nuclei,  and  this  is  lined  with  prismatic  nucleated  epithelial 
cells,  placed  with  their  broader  bases  and  nuclei  towards  the  outer  wall, 
and  their  narrow  ends  towards  the  lumen  of  the  tube.  (G-.  Lott,  in 
Eollett's  Untersuch.  II.,  Leipzig,  1871,  and  Chrobak,  in  Strieker's 
Handbuch,  &c.;  John  Williams,  M.D.,  The  Struct,  of  the  Mucous 
Mem1o.  of  the  Uterus,  1875.  See  also  Henle's  Handb.  der  system. 
Anatomic,  vol.  ii.) 

Fig.  331. 


Fig.  331,  A. — Section  of  the  Glandular  Steuctuke  op  the  Human  Uterus  at  the 
COMMENCEMENT  OF  Pkegnancy  (from  E.  H.  Weber),     f 
a,  part  of  the  cavity  of  the  uterus  showing  the  orifices  of  the  glands  ;  d,  a  number  of 
the  tubular  glands,  some  of  which  are  simple,  others  slightly  convoluted  and  divided  at 
the  extremities. 

Fig.   331,  B. — Small  Portion  of  the  Uterine  Mucous  Membrane  after  Eecent 
Impregnation,  seen  from  the  inner  surface  (from  Sharpey).     \^ 
The  specimen  is  represented  as  viewed  upon  a  dark  ground,  and  shows  the  orifices  of 
the  uterine  glands,  in  most  of  which,  as  at  1,  the  epithelium  remains,  and  in  some,  as  at 
2,  it  has  been  lost. 

In  a  number  of  animals  the  glandular  epithelium  is  ciliated,  a  fact 
which  was  observed  by  Allen  Thomson  in  the  uterine  glands  of  the  sow 
in  1846,  but  Avas  first  published  by  Leydig  in  1852,  after  an  observa- 
tion by  Nylander.  (Miiller's  Archiv.,  1852,  p.  375.)  Many  observers 
failed  to  detect  this  ciliated  structure  in  the  human  uterine  glands  : 
but  its  existence  was  asserted  by  C.  F.  Friedlander  in  1870,  and  more 
recently  it  has  been  fully  ascertained  by  J.  Williams,  who  also  observed 
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the  active  ciliary  motion.     The  epithelium  of  the  general  surface  of  the 
mucous  membrane  of  the  uterus  is  columnar  and  ciliated  throughout. 

Ligaments  of  the  uterus. — Where  the  peritoneum  is  reflected  from  the 
uterus  to  the  bladder  in  front,  and  to  the  rectum  behind,  it  forms,  in 
each  position,  two  semilunar  folds,  named  respectively,  the  vesico-uterine, 
and  the  recto-uterine  folds,  or  sometimes  the  anterior  and  the  posterior 
ligaments  of  the  uterus. 

The  broad  ligaments  (ligamenta  lata)  are  formed  on  each  side  by  a 
fold  or  double  layer  of  the  peritoneum,  which  is  directed  laterally  out- 
wards from  the  anterior  and  posterior  surfaces  of  the  uterus,  to  be  con- 
nected with  the  sides  of  the  pelvic  cavity.  Between  the  two  layers  of 
the  serous  membrane  are  placed,  first,  superiorly,  the  Fallopian  tube, 
which  runs  along  the  upper  margin  of  the  broad  ligament ;  secondly, 
the  round  ligament,  which  is  a  little  farther  down  in  front  ; 
thirdly,  on  the  posterior  surface,  the  ovary  and  its  ligament,  which 
lie  in  a  special  extension  of  the  hgamentum  latum  ;  and,  lastly, 
throughout  the  greater  part  of  the  broad  ligament,  blood-vessels, 
lymphatics,  and  nerves,  with  spreading  fibres  from  the  superficial 
muscular  layer  of  the  uterus.  The  ligament  of  the  ovary  is  merely 
a  dense  fibro-areolar  cord,  containing  some  uterine  muscular  fibres, 
and  measuring  about  an  inch  and  a  half  in  length,  which  extends 
from  the  inner  end  of  the  ovary  to  the  upper  angle  of  the  uterus,  which 
it  joins  immediately  behind  and  below  the  point  of  attachment  of  the 
Fallopian  tube ;  it  causes  an  elevation  of  the  posterior  layer  of  the 
serous  membrane,  and,  together  with  the  ovary  itself,  forms  the  lower 
limit  of  a  triangular  portion  of  the  broad  ligament,  which  has  been 
named  the  ala  vesjjertilionis  or  bat's  wing. 

The  round  ligaments  are  two  flat,  cord-like  bundles  of  fibres,  about 
four  or  five  inches  in  length,  attached  to  the  upper  angles  of  the  uterus, 
one  on  either  side  (Hgamentum  teres  uteri),  immediately  in  front  of 
the  Fallopian  tube.  From  this  point  each  ligament  proceeds  upwards, 
outwards,  and  forwards,  to  gain  the  internal  inguinal  ring,  and  after 
having  passed,  like  the  spermatic  cord  in  the  male,  through  the 
inguinal  canal,  reaches  the  fore  part  of  the  pubic  symphysis,  where  its 
fibres  expand  and  become  united  with  the  substance  of  the  mons 
Veneris.  Besides  areolar  tissue  and  vessels,  the  round  ligaments  con- 
tain plain  muscular  fibres,  which  are  prolonged  into  them  from  the 
outer  muscular  layer  of  the  uterine  wall.  Each  ligament  also  receives 
a  covering  from  the  peritoneum,  which,  in  the  young  subject,  projects 
under  the  form  of  a  tubular  process  for  some  distance  into  the  inguinal 
canal :  this,  which  resembles  the  processus  vaginalis  originally  existing 
in  the  same  situation  in  the  male,  is  named  the  canal  of  N uck  ;  it  is 
generally  obliterated  in  the  adult,  but  is  sometimes  found  even  in 
advanced  life. 

Blood-vessels. — ^The  arteries  of  tlie  litems  are  four  in  number,  viz.,  the 
right  and  left  ovai'ian  (which,  correspond  to  the  spermatic  of  the  male)  and 
the  two  uterine.  Their  origin,  as  well  as  the  mode  in  which  they  reach  the 
nterus  and  ovaries,  has  been  already  described.  They  are  remarkable  for  their 
frequent  anastomoses,  and  also  for  their  singularly  tortuous  course  ;  within  the 
substance  of  the  uterus  they  seem  to  be  placed  in  little  channels  or  canals. 
The  veins  correspond  with  the  arteries  ;  they  are  very  large,  and  form  the  uterine 
plexuses,  and  their  thin  walls  are  in  immediate  contact  with  the  uterine  tissue. 
The  course  of  the  lymphatics  has  been  previously  described  ;  they  are  very  large 
and  abundant  in  the  gravi-d  uterus. 
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Nerves. — The  distribution  of  the  nerves  has  been  previously  described.  They 
are  derived  from  the  inferior  hypogastric  plexuses,  the  spermatic  plexuses,  and 
the  third  and  fourth  sacral  nerves.  They  consist  of  both  medullated  and  plain 
fibres  ;  they  are  in  greatest  number  in  the  neck,  where  they  run  into  the  papillse 
of  the  mucous  membrane. 

In  animals  small  ganglia  have  been  observed  in  the  submucous  tissue  con- 
nected with  the  plain  fibres.  According  to  Frankenhauser.  the  dark  bordered 
fibres  run  into  the  muscles,  dividing  into  plain  fibres  before  they  form  bulbs,  and 
are  at  last  traceable  into  the  nuclei  of  the  muscular  cell-fibres  (Chi-obak,  in 
Strieker's  Handbuch,  and  Frankenhauser,  Die  Is'erven  der  Gebaermutter,  &c., 
Jena,  1867).  The  nerves,  especially  the  dark  bordered  fibres  increase  con- 
siderably dming  jDregnancy. 

Periodic  structural  cliang-es  in  the  Uterus. — The  changes  which  accom- 
pany menstruation  and  gestation  may  be  shortly  indicated  here. 

According  to  the  observations  of  J.  Williams,  already  quoted,  which  confirm 
and  greatly  extend  those  of  previous  inquii-ers,  it  appears  that  at  each  successive 
xecurrence  of  menstruation  a  complete  removal  of  the  glandular  part  of  the 
mucous  membrane  ta,kes  place  by  a  process  of  softening  and  molecular  dismtegra- 
tion  which  commences,  along  with  the  menstrual  discharge,  close  to  the  cervix, 
or  at  the  os  internum,  and  advances  progressively  towards  the  fundus  during  the 
remaining  days  of  the  flow  of  blood.  Previous  to  this  periodic  change,  in  addi- 
tion to  greatly  increased  general  vascularity  of  the  parts,  the  mucous  membrane 
becomes  very  much  thicker,  attaining  a  diameter  of  a  fifth  or  even  a  quarter  of 
an  inch,  and  the  utricular  glands  are  propoi-tionally  enlarged.  The  process  of 
disintegration  reaches  as  far  as  the  inner  muscular  fibres  which  run  between  the 
deepest  paints  of  the  glands  ;  and  as  the  smaller  blood-vessels  are  similarly 
affected,  the  hemorrhage  is  the  dii'ect  result  of  their  destruction  and  open 
condition. 

The  process  of  restoration  of  the  uterine  membrane  and  its  glands,  which  is 
effected  in  the  interval,  and  which  begins  even  before  the  cessation  of  the 
menstrual  flow,  proceeds  in  the  same  order  from  the  lower  end  upwards  to  the 
fundus  of  the  cavity,  and  consists  in  a  very  rapid  proliferation  of  the  cells  and 
nuclei  which  occupy  the  interstices  of  the  inner  muscular  fibres,  and  among 
which  are  probably  embedded  the  deepest  parts  of  the  utricular  glands.  The 
lining  membrane  of  the  cervix  does  not  participate  in  the  changes  now 
referred  to. 

In  gestation  more  extensive  altera,tions  ensue,  which  necessarily  affect  the  size, 
shape,  and  position  of  the  uterus,  the  thickness  and  amount  of  substance  in  its 
walls,  the  dimensions  and  fonn  of  its  cavity,  and  the  character  of  its  cervix 
and  of  its  os  externum  and  os  internum.  Its  weight  increases  from  about  one 
ounce  to  a  pound  and  a  half  or  even  tlu'ee  pounds.  Its  colour  becomes  darker j 
its  tissue  less  dense,  its  muscular  bundles  more  evident,  and  the  fibres  more  devel= 
oped.  A  very  great  increase  takes  place  in  the  muscular  tissue,  and  this  increase 
is  the  result  not  only  of  the  enlargement  of  already  existing  elements,  the  fibre- 
cells  becoming  enlarged  to  the  extent  of  from  seven  to  eleven  times  in  length, 
and  from  two  to  five  times  in  breadth  (KoUiker),  but  also  of  new  formation.  The 
increase  in  length  and  thickness  is  general ;  the  new  formation  occiu's  mainly  in 
the  innermost  layer's,  and  continues  until  the  sixth  month  of  pregnancy,  when  it 
ceases.  The  round  ligaments  become  enlarged,  and  their  muscular  structure 
more  marked;  the  broad  ligaments  are  encroached  upon  by  the  intrusion 
of  the  growing  uterus  between  their  layers.  The  mucous  membrane  and 
the  glands  of  the  body  of  the  uterus  undergo  an  enlargement  very  similar  to 
that  which  precedes  menstruation,  and  they  subsequently  become  the  seat  of 
peculiar  changes,  which  lead  to  the  foiination  of  the  decidual  membrane,  to  be 
more  particularly  stated  under  Development ;  whilst  the  membrane  of  the  cervix 
loses  its  columns  and  rugae.  The  blood-vessels  and  lymphatics  are  greatly  en- 
larged, and  it  is  observed  that  the  ai-teries  become  exceedingly  toi-tuous  as  they 
ramify  upon  the  organ.  The  nerves,  as  stated  above,  undergo  also  considerable 
enlargement. 

After  parturition,  the  uterus  gradually  but  rapidly  diminishes  till  it  regains  ti.s 
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size  and  structure  of  the  unimpregnated  condition.  Duiing  this  change  the  en- 
larged muscular  fibres  undergo  fatty  degeneration  and  become  subsequently 
absorbed,  while  a  new  set  of  minute  fibre-cells  are  developed.  After  the  first 
pregnancy,  however,  the  organ  never  regains  its  original  virgin  character.  In 
those  who  have  had  children  its  weight  usually  remains  from  two  to  three 
ounces  ;  its  cavity  is  larger ;  the  os  externum  is  wider  and  more  rounded,  and 
its  margins  often  puckered  or  fissured ;  the  arteries  continue  much  more  tortuous, 
and  its  muscular  fibres  and  layers  remain  more  defined  than  in  the  virgin. 


Fig.  332. — Outlines  op  Moulds  op  the  Uterine  Cavity  in  difeerent  states  (after 
F.  Guyon).     Natural  size. 

A,  in  a  virgin  of  17  years  of  age  ;  B,  in  a  woman  of  42  years  who  had  not  home 
children  ;  C,  in  a  woman  of  35  years  who  had  borne  children  ;  6,  cavity  of  the  body  ;  c, 
that  of  the  cervix  ;  i,  the  isthmus  or  os  internum ;  o,  os  externum  ;  t,  passage  of  the 
upper  angle  into  the  Fallopian  tube. 

Chang-es  from  Ag-e. — In  the  infant,  the  neck  of  the  uterus  is  larger  than  the 
body ;  the  fundus  is  not  distinguished  either  by  breadth  or  convexity  of  outline, 
and  the  cavity  is  remarkably  narrow,  and  tapers  out  from  the  middle  on  both 
sides  so  as  to  present  an  approach  to  the  two-horned  form  prevalent  in  animals. 
These  parts  aftei-^^ards  enlarge  gradually,  until,  at  puberty,  the  pyriform  figure  of 
the  womb  is  fully  established.  The  arbor  vit^e  is  very  distinct,  and  indeed  at  first 
reaches  upward  to  the  highest  part  of  the  cavity.  The  shape  of  the  cavity  of  the 
body  varies  also  in  after  life ;  but  it  remains  comparatively  narrow  up  to  the  age 
of  puberty,  and  retains  the  same  form  to  a  great  degree  in  all  women  who  have 
borne  no  children.  It  is  chiefly,  therefore,  in  those  who  have  been  pregnant  that 
its  foiTn  is  widely  triangular.  (Fel.  Gnyon,  Cavite  de  T  Uterus,  &c.  Journ.  de  la 
Physiol,  vol.  ii.  p.  186.) 

From  the  gradual  effects  of  more  advanced  age  alone,  independent  of  impreg- 
nation, the  uterus  shrinks,  and  becomes  paler  in  colour-,  and  harder  in  texture; 
its  triangular  form  is  lost ;  the  body  and  neck  become  less  distinguishable  from, 
each  other ;  the  orifices  also  become  less  characteristic. 

For  further  details  with  regard  to  the  structure  of  the  utems  and  its  changes, 
the  reader  is  referred  to  the  ai-ticle  by  Farre  on  "  Uterus  and  its  Appendages" 
in  Cyclop,  of  Anat.  and  Phys. 
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Malformations. — Theuteras  is  subject  to  numerous  congenital  malformations, 
especially  in  connection  with,  abnormal  conditions  of  the  other  genital  organs. 
These  will  be  referred  to  under  Development.  As  a  malfonnation  affecting  the 
uterus  itself  may  here  be  mentioned  the  more  or  less  double  or  di\dded  state  of 
the  cavity,  produced  by  the  prolongation  of  a  septum  downwards  into  it  from  the 
fundus.  This  is  sometimes  only  partial  and  confined  to  the  upper  part  of  the 
cavity ;  while  in  other  instances  it  involves  the  whole  cavity  or  also  that  of  the 
cervix ;  and  even  extends  through,  a  part  or  the  whole  of  the  vagina. 

THE     FALLOPIAK     TUBES. 

These  tubes  may  be  considered  as  ducts  of  the  ovaries,  or  oviducts, 
and  serve  to  convey  the  ovum  from  thence  into  the  uterus.  They  are 
inclosed,  as  already  stated,  in  the  free  margin  of  the  broad  ligaments, 
and  are  between  three  and  four  inches  in  length.  Their  inner  or 
attached  extremities,  which  proceed  from  the  upper  angles  of  the  uterus, 
are  narrow  and  cord-like  ;  but  they  soon  begin  to  enlarge,  and  pro- 
ceeding outwards,  one  on  each  side,  pursue  an  undulatory  course,  and 
at  length,  having  attained  the  width  of  about  a  sixth  of  an  inch  or 
more,  they  bend  backwards  and  downwards  towards  the  ovary,  about  an 
inch  beyond  which  they  terminate  in  an  expanded  extremity,  the  margin 
of  which  is  divided  deeply  into  a  number  of  irregular  processes  named 
Jimlria;  one  of  these,  somewhat  longer  than  the  rest,  is  attached  to  the 


Fig.   333. DlAGRAilMATIC   ViEW    OP    THE     UtERUS   AND    ITS   APPENDAGES,    A3    SEEN    FKOM 

BEHIND.       (A.   T.)       I 

The  nterus  and  upper  part  of  the  vagina  have  been  laid  open  by  removing  the  posterior 
wall  ;  the  Fallopian  tube,  round  ligament,  and  ovarian  ligament  have  been  cut  short,  and 
the  broad  ligament  removed  on  the  left  .side  ;  u,  the  upper  part  of  the  uterus  ;  c,  the 
cervix  opposite  the  os  internum  ;  the  triangular  shape  of  the  uterine  cavity  is  shown,  and 
the  dilatation  of  the  cervical  cavity  with  the  rugaj  termed  arbor  vitoe  ;  v,  upper  part  of 
the  vagina  ;  od,  Fallopian  tube  or  oviduct  ;  the  narrow  communication  of  its  cavity 
with  that  of  the  cornu  of  the  uterus  on  each  side  is  seen  ;  I,  round  ligament ;  lo,  ligament 
of  the  ovary  ;  o,  ovary  ;  i,  wide  outer  part  of  the  right  Fallopian  tube  ;  /  i,  its  fimbriated 
extremity  ;  po,  parovarium  ;  h,  one  of  the  hydatids  frecpxently  found  connected  with  the 
broad  ligament. 

outer  end  of  the  corresponding  ovary.  The  wide  and  fringed  end  of  the 
Fallopian  tube,  or  rather  trumpet,  as  the  term  "■  tuba  "  literally  signi- 
fies, is  turned  downwards  and  towards  the  ovary,  and  is  named  the 
fimlriated  extremity  (morsus  diaboli).  In  the  midst  of  these  fimbrise, 
which  are  arranged  in  a  radiated  manner,  the  tube  itself  opens  by  a 
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round  constricted  orifice,  ostium  ahclominaJe,  placed  at  the  bottom  of  a 
sort  of  fissure  leading  from  that  fringe  which  is  attached  to  the  ovary. 
It  is  by  this  orifice  that  an  ovum  is  received  at  the  time  of  its  liberation 
from  the  ovary,  and  is  thence  conveyed  along  the  tnbe,  which  naiTows 
very  much  towards  its  uterine  extremity,  and  opens  into  the  womb  by 
a  minute  orifice,  admitting  only  a  fine  bristle,  and  named  ostium  uteri- 
nimi.  The  canal  becomes  gradually  larger  towards  its  abdominal 
orifice,  where  it  is  again  somewhat  contracted  :  hence  the  term  istkmus, 
given  by  Henle  to  the  uterine  half,  and  ampulla  to  the  outer  half  of 
the  Fallopian  tube,  A  second  smaller  fimbriated  opening  not  unfre- 
quently  occurs  at  a  short  distance  from  the  main  one. 

Beneath  the  external  or  peritoneal  coat  the  walls  of  the  tube  contain, 
besides  areolar  tissue,  plain  muscular  fibres  like  those  of  the  uterus, 
arranged  in  an  external  longitudinal  and  an  internal  circular  layer. 
The  mucous  membrane  lining  the  tubes  is  thrown  into  longitudinal 
plicae,  which  are  broad  and  numerous  in  the  wider  part  of  the  tube,  and 
in  the  narrower  part  are  broken  up  into  very  numerous  arborescent 
processes:  it  is  continuous,  on  the  one  hand,  with  the  lining  membrane 
of  the  uterus,  and  at  the  other  end  of  the  tube  with  the  peritoneum  ; 
presenting  an  example  of  the  direct  continuity  of  a  mucous  and  serous 
membrane,  and  making  the  peritoneal  cavity  in  the  female  an  exception 
to  the  ordinaiy  rule  of  serous  cavities,  i.  e.,  of  being  perfectly  closed. 
The  epithelium  in  the  interior  of  the  Fallopian  tube  is,  like  that  of  the 
uterus,  columnar  and  ciliated  ;  the  inner  surface  of  the  fimbriae  is  also 
provided  with  cilia,  and  Henle  has  even  detected  ciliated  epithelium  on 
then-  outer  or  serous  surface,  but  it  here  soon  passes  into  the  scaly 
epithelium  of  the  peritoneal  membrane.  The  mechanism  by  which  the 
minute  ovum,  Avhen  it  escapes  from  the  ovary,  is  carried  into  the  cavity 
of  the  uterus  is  not  yet  fully  understood.  ISTeither  the  vascular  tnr- 
gescence  nor  the  muscular  contractions,  which  may  no  doubt  accompany 
the  passage,  appear  to  be  the  immediate  agents,  and  it  seems  more 
probably  due,  in  greatest  part,  if  not  entirely,  to  the  ciliary  movement 
which  proceeds  in  a  direction  downwards  in  the  tube  from  the  fimbri- 
ated extremity.  It  does  not  appear  that  there  are  glands,  as  was  at  one 
time  supposed,  in  the  mucous  membrane  hning  the  Fallopian  tubes. 

THE    OVAHIES. 

The  ovaries  (ovaria,  testes  muliebres),  the  productive  organs  corre- 
sponding more  immediately  to  the  bodies  of  the  testicles  of  the  male, 
are  two  somewhat  flattened  oval  bodies,  which  are  placed  one  on  each 
side,  with  their  long  diameter  nearly  horizontally  across  the  pelvis. 
They  lie  at  the  back  of  the  broad  ligament  of  the  uterus,  and  are  en- 
veloped by  its  posterior  membranous  layer.  The  weight  of  each  ovary 
is  fr'om  sixty  to  a  hundred  grains,  and  they  usually  measure  about  one 
inch  and  a  lialf  in  length,  three  quarters  of  an  inch  in  width,  and  nearly 
half  an  inch  in  thickness ;  but  their  size  is  variable,  both  according  to 
the  period  of  life  and  their  state  of  greater  or  less  functional  activity. 
Each  ovary  is  free  on  its  two  sides,  also  along  its  posterior  border,  which 
has  a  convex  outline  ;  but  it  is  attached  to  the  broad  ligament  by  its 
anterior  border,  which  is  straighter  than  the  other,  and  along  the  line 
of  its  attachment  it  exhibits  a  deep  groove  or  hilus  by  which  the  vessels 
and  nerves  enter.    Its  inner  end  is  generally  narrower  than  the  outer,  and 
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is  attached  to  the  dense  cord  already  described  as  the  lirjament  of  the 
ovary,  which  connects  it  with  the  uterus.  Its  outer  extremity  is  more 
obtuse  and  rounded,  and  has  attached  to  it  the  middle  or  ovarian  fimbria 
of  the  Fallopian  tube. 


Fig.  334. — Section  op  the 
PREPAKED  Ovary  op  the 
Cat  (from  Scliron).  f 
1,  outer  covering  and 
free  border  of  tbe  ovary ; 
1',  attached  border  ;  2,  the 
ovarian  stroma,  present- 
ing a  fibrous  and  vascular 
structm'e  ;  3,  external  fibre- 
nuclear  substance ;  4,  blood- 
vessels ;  5,  ovigerms  in 
their  earliest  stages  lying 
near  the  surface  ;  6,  ovi- 
germs which  have  begun  to 
enlarge  and  to  pass  more 
deeply  into  the  ovary ;  7, 
ovigerms  round  which  the 
Graafian  follicle  and  tunica 
granulosa  are  now  formed, 
and  which  have  passed 
somewhat  deeper  into  the  ovary  and  are  surrounded  by  firm  fibrous  stroma  ;  8,  more 
advanced  Graafian  follicle  with  the  ovum  imbedded  in  the  cells  of  the  proligerous  disc  ; . 
9,  the  most  advanced  follicle  containing  the  ovum,  and  approaching  the  surface  :  9',  a 
follicle  from  which  the  ovum  has  accidentally  escaped  ;  10,  corpus  luteum  presenting 
radiated  columns  of  cellular  structure. 


STRUCTURE     OF    THE     OVARY. 

The  ovary  consists  essentially  in  man,  as  in  all  the  higher  animals,  of 
an  ovarian  stroma,  composed  of  connective  tissue  with  blood-vessels, 
nerves,  and  some  muscular  fibres,  an  outer  epithelial  covering,  and  the 
embedded  Graafian  follicles  with  the  ova. 

The  external  surface  of  the  ovary  is  of  a  whitish  colour,  and  in 
early  life  is  comparatively  smooth  and  even ;  but  in  later  life  it  becomes 
more  or  less  uneven  and  is  marked  by  pits  and  scars.  It  is  covered  by 
a  membrane  which,  though  somewhat  diiferent  in  its  minute  structure, 
is  originally  continuous  with  the  peritoneum. 

The  superficial  epithelium  of  the  ovary  differs  from  that  of  the  peri- 
toneum in  the  neighbourhood  in  being  decidedly  prismatic  or  columnar : 
and  it  gives  to  the  surface  a  dull  appearance  as  compared  with  the 
shining  smoothness  of  the  serous  membranes  in  general.  A  distinct 
line  of  demarcation  exists  at  the  base  of  the  ovary,  where  the  two  kinds 
of  epithelium  pass  into  each  other.  To  this  ovarian  epithelium,  from 
its  relation  in  early  life  to  the  origin  of  the  ova,  the  name  germ-epitlw- 
limn  has  been  given  by  some  authors. 

Below  the  outer  membrane  a  firm  layer  of  fibrous  tissue,  permeated 
by  the  superficial  blood-vessels,  encloses  all  the  deeper  parts.  This  has 
been  compared  to  the  dense  fibrous  covering  of  the  testicle,  and  thence 
named  tunica  alfouginea  ovarii,  but  without  sufficient  reason,  for  it  is 
not  nearly  so  strong  or  distinct.  It  is  in  fact  no  more  than  a  condensed 
part  of  the  ovarian  stroma,  and  not  unfrequently  is  divisible  into 
several  subordinate  layers. 
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The  deeper  substance  of  the  ovary  or  stroma  is  chiefly  composed  of  a 
fine  fibro-nuclear  tissue,  in  which  the  nuclei  are  remarkably  abundant 
and  distinct.  It  is  also  mixed  with  some  elastic  tissue,  and  is  per- 
meated by  blood-vessels,  which  are  large  towards  the  hilus  Avhere  they 
enter,  and  become  gradually  smaller  towards  the  surfaca  Along  these 
blood-vessels  in  the  deeper  part  of  the  ovary  bands  of  muscular  fibres 
run,  having  apparently  entered  from  the  broad  ligament ;  but  they  do 
not  extend  into  the  more  superficial  parts  of  the  ovarian  stroma. 

There  is  a  general  disposition  of  radiation  of  the  bands  of  stroma 
from  the  hilus  towards  the  surface,  determined  in  the  deeper  part  per- 
haps by  the  blood-vessels,  but  in  the  superficial  part  modified  by  its 
relation  to  the  Graafian  follicles. 
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Fig.  335. — Portion  of  the  Section  of  the  prepared  Cat's  Ovary,  repiie.3Ented  in 

THE    PRECEI^tNU    FIGURE,    MORE    HIGHLZ    lIAffNIFIED    (frOm  Schron). 

1,  outer  covering  of  the  ovary  ;  2,  fibrous  stroma;  3,  superficial  layer  of  fibro-nuclear 
substance  ;  3',  deeper  parts  of  the  same  ;  4,  blood-vessels ;  5,  ovigerms  forming  a 
layer  near  the  surface ;  6,  one  or  two  of  the  ovigerms  sinking  deeper  and  beginning 
to  enlarge  ;  7,  one  of  the  ovigerms  farther  developed,  now  enclosed  by  a  prolongation  of 
the  fibrous  stroma,  and  consisting  of  a  small  Graafian  follicle,  within  which  is  situated 
the  ovum  covered  by  the  cells  of  the  discus  proligerus  ;  8,  a  follicle  farther  advanced  ; 
8',  another  which  is  iiTegularly  compressed  ;  9,  the  greater  p)art  of  the  largest  follicle,  iu 
"O'hich  the  following  piarts  are  seen  ;  a,  cells  of  the  tunica  granulosa  lining  the 
follicle  ;  &,  the  reflected  portion  named  discus  proligerus  ;  c,  vitellus  or  yelk  part  of  the 
ovum,  surrounded  by  the  zona  pellucida  ;  d,  germinal  vesicle  ;  e,  germinal  spot. 

Graafian  Follicles.- — Immediately  under  the  superficial  covering 
of  the  ovary  there  is  a  layer  of  stroma  somewhat  different  from  the 
deeper  parts,  and  which  is  so  uniformly  spread  over  the  organ  as 
to  have  received  the  name  of  cortical  layer.  This  is  particularly 
obvious  in  the  ovaries  of  young  children,  in  whom  this  layer  is  com- 
paratively thick,  and  its  appearance  is  granular  from  the  accumulation 
in  it  of  an  immense  number  of  closely  set  small  vesicles,  constituting 
the  early  condition  of  the  ovarian  or  Graafian  follicles  with  their  con- 
tained ova.    These  more  num^erous  and  small  vesicles,  or  follicles,  are 
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a'^yent  from  the  succeeding  stratum  of  the  stroma,  but  some^Yhat  larger 
cavities  of  the  same  kind,  distended  with  fluid  and  containing  ova,  are 
observed  in  smaller  numbers  embedded  in  the  ovarian  stroma  for  a 
certain  distance  from  the  surface,  but  not  extending  to  the  deepest  part 
or  that  near  the  hilus.  Of  this  second  set  of  Graafian  follicles,  the 
deepest  are  usually  of  the  largest  size,  or  most  advanced. 

Further,  in  the  ovaries  of  females  who  are  approaching  the  period  of 
puberty,  and  during  the  whole  of  the  child-bearing  period  of  life,  there 
may  be  seen  towards  the  surface,  or  even  more  or  less  projecting  upon 
it,  a  few  larger  follicles  of  various  sizes,  from  a  twentieth  to  a  sixth 
of  an  inch,  which  are  the  Graafian  follicles  with  ova  approaching  or 
arrived  at  a  state  of  maturity.  The  more  advanced  of  these  seem  to 
have  made  their  way  from  the  deeper  part  by  the  absorption  or  at  the 
expense  of  the  ovarian  substance  between  them  and  the  surface.  They 
still  remain  covered  at  the  most  projecting  part  by  a  thin  layer  of  the 
fibrous  stroma  and  the  epithelium.  The  smaller  blood-vessels  running 
round  the  follicle  from  below,  and  minutely  subdivided  on  its  inner 
surface,  converge  towards  a  point  near  the  middle  of  the  most  project- 
ing part,  called  the  stigma.  This  marks  the  spot  where  the  rupture  of 
the  vesicle  ultimately  occurs,  when  at  the  time  of  full  maturation  the 
vesicle  opens,  and  its  ovum  and  other  contents  escaping  pass  into  the 
open  extremity  of  the  Fallopian  tube.  This  rupture  of  a  Graafian 
vesicle,  or  it  may  be  of  more  than  one,  occurs  in  healthy  females  at 
every  successive  menstrual  period.  After  the  discharge  of  its  contents, 
the  Graafian  follicle  is  rapidly  filled  with  a  peculiar  reddish-yellow  mass 
of  granular  elongated  cells,  which  are  rapidly  developed  in  its  interior, 
constituting  the  first  stage  of  formation  of  the  body  termed  corpus 
luteum.  When  pregnancy  occurs,  this  body  enlarges,  and  becoming  more 
solid,  advances  to  a  fuller  stage  of  development,  which  is  maintained 
during  the  greater  part  of  the  time  of  utero-gestation.  But  in  the  un- 
impregnated  female  the  corpus  luteum  begins  to  retrograde  within 
ten  or  twelve  days  after  its  commencement,  and.  afterwards  rapidly 
shrinks  and  ultimately  disappears.  It  thus  happens  that,  without  preg- 
nancy, the  ovaries  may  naturally  present  during  the  whole  of  the  child- 
bearing  period  of  life  the  corpora  lutea  of  menstruation,  or  their 
vestiges,  in  various  stages  of  advance  or  decline. 

The  Graafian  follicles  in  the  ovary  of  middle  life  are  to  be  found 
in  very  various  stages  of  development.  1st.  By  far  the  most 
numerous  and  the  smallest  lie  in  the  cortical  layer  already  described. 
The  size  of  these  is  remarkably  uniform,  the  largest  scarcely  jjassing 
y-i^  of  an  inch.  These  exist  from  an  early  period  of  fcetal  life,  and  are 
in  such  numbers  that  it  is  estimated  with  great  certainty  that  the 
ovaries  of  a  female  child  at  birth  do  not  contain  less  than  70,000 
follicles,  each  one  of  which  contains  an  ovum.  2nd.  In  the  deeper 
stratum  of  the  ovary  is  found,  a  succession  of  follicles  in  very  much 
smaller  numbers,  and  of  very  various  sizes  from  -^^  to  -g^,  or  even 
■^  of  an  inch.  And  ord.  There  are  the  larger  and  fewer  follicles  ad- 
vancing to  and  projecting  on  the  surface. 

The  more  advanced  Graafian  follicles  appear  to  have  a  very  consistent 
wall  formed  of  the  ovarian  stroma ;  but  it  is  doubtful  whether  the 
two  coverings  which  have  been  described  as  belonging  to  them 
deserve  to  be  regarded  structurally  as  distinct  envelopes.  Two  layers 
of  condensed  tissue  may  indeed  be  seen  surrounding  the  cavity  of  the 
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more  dereloped  follicles.     One  of  these  situated  next  the  cavity  is  com- 
posed of  condensed  fine  connective  tissue  :   it  contains  a  network  of 
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Fig.  336. — Section  of  the  Ovary  of  an  Adult  Biich  (Waldeyer).     \' 

of,  germ-epitlielium  ;  6,  ovarian  tubes  or  strings  of  ovigerms  ;  c,  c,  earlier  follicles  ; 
d,  more  advanced  follicles  ;  e,  discus  proligerus  and  o^Tim  ;  /,  second  ovum  in  the 
same  follicle  ;  g,  alleged  tunica  fibrosa  folliculi  ;  h,  tunica  propria  ;  i,  follicular 
epithelium  (tunica  granulosa)  ;  7c,  collapsed  retrograde  follicle  ;  I,  blood-vessels  ;  m,  vi, 
longitudinal  and  transverse  sections  of  cellular  tubes  of  the  parovarium  ;  ?/,  involuted 
portion  of  the  germ- epithelium  of  the  surface  ;  z,  place  of  the  transitien  from  periton 
to  germinal  or  ovarian  epithelium. 

finely  divided  capillary  blood-vessels,  and  has  been  named  the  vascu- 
lar, or  proper  tunic  of  the  follicle.  The  other,  called  the  fibrous  tunic, 
is  more  strongly  fibrous,  and  forms  a  condensed  layer  situated  close  to 
the  first.  But,  excepting  in  their  greater  degree  of  condensation,  these 
layers  do  not  differ  essentially  from  the  tissue  of  the  ovarian  stroma. 

Tunica  granulosa. — Within  the  vascular  or  proper  tunic  of  the 
follicle,  and  adherent  to  its  inner  surface,  there  is  a  distinct  lining  of 
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peculiar  opaque  granular  and  prismatic  cells  in  several  layers,  forming 
the  membrana  or  tunica  granulosa  of  authors.  In  the  earliest  stages  of 
formation,  before  the  follicle  has  expanded,  this  layer  of  cells  lies 
close  tq  the  ovum,  but  as  the  follicles  enlarge  there  comes  to  be  formed 
within  the  granular  layer  a  space  of  variable  size  filled  with  clear  fluid, 
which  holds  a  quantitj^  of  all>amen  in  solution,  so  as  to  be  coagulable  by 
heat  and  chemical  re-agents.  The  ovum  is  now  found  to  be  embedded 
in  a  thickened  portion  of  this  cellular  layer,  the  cwmdus  or  discus  2)to- 
ligerus  of  Von  Baer,  so  as  to  be  placed  near  the  inner  surface  on  one  side 
of  the  follicle.  The  position  of  the  ovum  within  the  follicle  appears  to 
be  subject  to  some  variation.  It  was  formerly  described  as  being  always 
on  the  side  next  the  surface  of  the  ovary  ;  but  according  to  more  recent 
observations  it  is  as  frequently  situated  on  the  deeper  side  of  the 
follicle.  The  cells  of  the  tunica  granulosa  and  discus  proligerus  are 
without  distinct  external  walls  ;  they  possess  a  considerable  quantity 
of  protoplasm  of  an  opaque  or  granular  aspect,  and  are  provided  with 
oval  nuclei.  Near  the  inner  surface  of  the  follicle,  and  on  the  outer 
surface  of  the  ovum,  they  assume  a  more  elongated  prismatic  or  pedi- 
culated  form  than  in  other  parts  of  the  membrane. 

The  ovarian  ovum. — Each  Graafian  follicle  usually  contains  only  a 
single  ovum,  but  occasionally,  though  seldom,  two  ova,  and  very  rarely 
three,  have  been  observed  in  the  same  follicle.  The  ovum,  first  dis- 
covered by  Von  Baer  in  1827,  is  a  spherical  body  of  about  -^Iq  of  an 
inch  in  diameter,  and  of  an  opaque  yellowish  white  colour.  When 
fully  formed  it  consists  essentially  of  the  following  parts,  viz.:  1st.,  a 
firm  transparent  external  vesicular  membrane  termed  zona  iidlucicla,  or 
vitelline  memhrane ;  2nd.,  a  mass  of  granular  protoplasm  filling  the 
vesicle  and  constituting  the  yelk,  yolk  or  vitellus,  in  which  a  number  of 
oil  globules  of  variable  size  are  suspended ;  3rd,  embedded  in  the  yolk 
protoplasm,  and  situated  on  one  side  near  the  surface,  a  small  clear 
vesicle  of  about  ^ho  of  an  inch  in  diameter,  filled  with  a  finely  granular 
fluid,  the  germinal  vesicle  ;  and  4th,  within  this  vesicle  a  dark  granular 
spot,  of  about  3-0-0-ir  of  an  inch  in  diameter,  the  macula  germinativa. 


Fig.  337. 
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Fig.  337. — Ovum  of  the  Sow  rejioved  feow;  the  Graafian 
Follicle,  with  its  cellular  covering  (from  M.  Barry). 

1,  germinal  spot ;  2,  germinal  vesicle  ;  3,  yolk  ;  4,  zone 
pellucida  or  external  covering  of  the  ovum  ;  5,  part  of 
the  tunica  granulosa  or  proligerous  disc  ;  6,  some  adherent 
cells. 


The  wnole  ovum  was  compared  by  Schwann  to 
an  organic  cell,  and  this  view  is  still  in  general 
maintained  ;  the  zona  representing  the  cell  wall, 
the  yolk  the  protoplasmic  cell  contents,  or  then' 
product,  the  germinal  vesicle  the  nucleus,  and  the  macula  the  nucleolus. 
The  part  of  the  ovum  which  is  first  formed  is  the  germinal  vesicle, 
or  nucleus,  which,  at  so  early  a  period  as  the  tenth  or  eleventh  week  of 
foetal  life,  has  been  observed  to' take  its  origin  from  one  of  the  cells 
of  the  epithelial  covering  or  germinal  epithelium  of  the  incipient  ovary, 
by  its  undergoing  enlargement  and  becoming  embedded  in  the  ovarian 
substance.  The  inclosing  ovarian  stroma  thus  constitutes  the  first 
form  of  a  Graafian  follicle,  and  follicle  and  germ  may  be  considered 
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as  arising  siniultauGoiisly,  although  doubtless  the  germs  may  be  held 
to  have  had  preyious  existence  as  parts  of  the  germinal  epithelium 
covering  the  primordial  structure  of  the  ovary.  By  the  middle  of 
foetal  life,  or  at  the  end  of  the  fifth  month,  the  follicle,  which  is  at 
first  only  a  space  for  the  germ  in  the  ovarian  stroma,  has  received 
a  simple  lining  of  scattered  cells,  which  afterwards  in  their  more 
developed  form  constitute  the  tunica  granulosa,  and  the  germinal 
vesicle  is  by  the  same  time  surrounded  by  a  small  quantity  of  clear 
j)rotoplasm,  or  commencing  yolk,  which  separates  the  vesicle  from  the 
granular  cells.  Still  later  the  zona  pellucida  appears  as  a  clear  mem- 
branous covering  of  the  yolk  j^rotoplasm.  By  the  sixth  or  seventh 
month  of  fcetal  life  an  immense  nmnber  of  such  small  ova  closely  em- 
braced by  the  enclosing  Graafian  follicles  have  appeared,  so  that  the 
ovary  appears  to  be  almost  entirely  occupied  by  them  ;  and  as  they 
may'be  counted  in  prepared  specimens  of  sections,  it  is  easy  to  estimate 
their  number  in  the  entire  ovary.     The  result  of  such  estimates  gives 
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Fig.  338. — Ova  in  different  stages  of  progress  (Waldeyer).     Highly  magnified, 

A,  primordial  onim  from  liiiman  fcetus  of  eiglit  months  ;  B,  early  follicle  of  raLbit- 
with  ovum  enclosed ;  C,  the  same  of  the  pigeon  ;  D,  another  of  the  same  more  advanced, 
the  secondary  yolk  commencing  ;  E,  ovum  of  the  i-abbit  from  a  follicle  of  ^  of  an  inch 
in  diameter  ;  a,  epithelium  of  the  discus  proligerus  ;  h,  zona  pellucida,  showing  radiated 
Hnearl  structure,  perhaps  too  strongly  marked  ;  c,  germinal  vesicle  ;  d,  germinal  macula  ; 
e,  yolk  substance  with  line  granules  and  small  oil  globules. 

an  amount  of  not  less  than  30,000  or  40,000  for  each  ovary  of  the 
human  foetus  before  birth.  The  formation  of  new  ova  and  Graafian, 
follicles  probably  still  continues  for  some  time,  but  at  a  much  slower 
rate  than  during  foetal  life. 
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The  zona  pellucida  of  the  mature  ovarian  ovum,  when  viewed  with  a 
low  magnifying  power,  appears  clear  or  homogeneous,  but  according  to 
some  observers,  when  sufficiently  magnified,  it  presents  an  appearance 
of  minute  radial  striation,  which  has  been  considered  to  indicate  in  it 
the  existence  of  a  porous  structure,  somewhat  of  the  same  nature  as 
that  which  is  very  obvious  in  the  vitellme  membrane  of  fishes  and  some 
other  animals. 

Through  this  membrane,  as  has  been  proved  by  observations  in 
several  mammiferous  animals,  the  spermatic  filaments  pass  in  order 
to  effect  fecundation ;  but  it  is  difficult  to  comprehend  how  they  are 
transmitted,  as  no  micropyle,  or  other  aperture  of  sufficient  size,  has 
yet  been  detected  in  the  zona  of  man  or  Mammals. 

Fisr.  339. 


Fig.  339.- 


-Thin  Teansverse  Section  of  the  Ovary  of  a  Newly  Born  Child 
Highly  magnified  (Waldeyer). 


a,  Ovarian  or  germinal  epithelium  ;  h,  formation  of  an  ovarian  tube  ;  c,  c,  o\'igerms 
lying  in  the  germ-epithelium  ;  d,  d,  longer  tube  forming  follicles  (according  to  Pfliiger's 
and  Waldeyer's  views)  ;  e,  c,  germ-spherules  forming  ova  and  follicles  ;  /,  earliest  dis- 
tinctly formed  follicle  vritli  ovum  and  granular  cells  ;  (j,  g,  blood-vessels. 


The  germinal  vesicle  with  its  nucleus  or  macula  belongs  to  the 
ovum  only,  while  it  is  still  within  the  Graafian  follicle.  At  the  time  of 
complete  maturation  of  the  ovum,  and  even  for  a  short  time  previous  to 
the  bursting  of  the  wall  of  the  follicle  by  which  the  ovum  escapes, 
the  germinal  vesicle  already  begins  to  become  flaccid  and  collapse, 
and  when  the  ovum  has  escaped  from  the  follicle,  the  vesicle  is  no 
longer  to  be  perceived  in  the  mass  of  granular  protoplasm  which  con- 
stitutes its  germinal  part. 

Formation  of  the  Ovum  and  Graafian  follicle.  —The  mode  of  origin  of 
the  ova  and  Graafian  follicles  will  be  described  under  Development.  As  con- 
nected, however,  with  the  structure  of  the  ovary  in  relation  to  the  ova  and 
their  origin,  it  Is  proper  to  refer  at  this  place  to  the  view  first  suggested  by 
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Valentin  (Miiller's  Ai'chiv.,  1838,  p.  526),  and  since  maintained  as  tlie  result  of 
careful  observation  hy  Pfliiger  (1863).  that  the  ova  are  at  first  formed  in  gi-oups 
vrithin  tubes,  which  thus  constitute  an  original  and  characteristic  feature  in  the 
structure  of  the  ovary. 

By  the  elaborate  researches  of  Waldeyer  (Eierstock  und  Ei.  Leipzig,  1870.  and 
in  Strieker's  Handbuch,  p.  568,)  it  was  ascertained  that  the  ovigerms  or  primordial 
ova  derive  theii-  origin  from  the  superficial  layer  of  cells  or  genn  epithelium, 
covering  the  mass  of  blastema  which  lies  to  the  inside  of  the  Wolffian  bodj-.  and 
which  constitutes  the  common  genninal  matrix  of  the  ovary  and  testicle. 
According  to  Waldeyer's  observations,  while  the  ovigeims  themselves  come  from 
the  superficial  epithelium,  and  thus  exist  from  an  early  period  of  foetal  life, 
the  Graafian  follicles  owe  their  origin  to  an  outgro"n^h  of  the  subjacent  vascular 
connective  tissue  which  constitutes  the  ovarian  stroma.  Brush-like  processes  of 
this  tissue  growing  out  from  the  surface,  involve  in  their  meshes  the  enlarged 
epithelial  cells  which  form  the  commencing  ova,  and  at  the  same  time  enclose 
groups  of  other  less  developed  epithelial  cells,  which  come  to  be  arranged  round 
the  larger  ovigerms,  and  thus  constitute  the  commencement  of  the  cells  of  the 
membrana  granulosa.  According  to  Waldeyer's  view,  therefore,  both  the  pri- 
mordial ova  and  the  cells  of  the  membrana  granulosa  spring  from  the  germ- 
epithelium  of  the  reproductive  blastema,  while  the  wall  of  the  Graafian  follicle 
is  a  production  of  the  vascular  connective  tissue  of  the  stroma. 

A  somewhat  different  view  has  been  presented  by  KoUiker,  as  the  result  of 
observations  made  on  the  foetus  of  several  animals  (Sitz.  der  Phys.  Med.  Gesellsch. 
in  Wm-tzbui-g,  May,  lS7i)  ;  for  while  he  agrees  with  Waldeyer  in  referring  the 
first  origin  of  the  ova  to  the  germ  epithelium,  he  is  inclined  to  consider  the 
membrana  granulosa  as  proceeding  from  other  cellular  elements,  existing  in  con- 
nection with  the  ovarian  stroma.  These  cellular  elements,  he  conceives,  are 
contained  in  a  set  of  medullary  cords  or  canals  extending  upwards  into  the  ovary 
from  its  attached  border,  and  they  furnish  the  cellular  coverings  to  the  primor- 
dial ova  by  spreading  outwards  upon  them,  and  enclosing  them,  first  in  groups, 
and  later  each  one  singly.  He  regards  these  cords  as  the  same  which  have  ]jeen 
described  as  the  epoophoron  or  remains  of  the  Wolffian  body  in  the  ovary. 

These  different  views  appear  to  be  in  some  naeasure  reconciled,  and  new  light 
throvni  upon  the  subject,  by  the  independent  observations  of  James  Foulis.  made 
in  the  human  foetus,  and  in  calves  and  kittens,  and  which,  from  observation  of 
the  specimens,  the  writer  can  in  most  points  confinn  (''  Development  of  Ova  and 
Structure  of  the  Ovary,"  &c.,by  Dr.  James  Foulis.  in  Proceed,  of  Roy.  Soc.  of  Edin,, 
April,  1875).  By  these  researches  the  origin  of  the  ovigerms  or  primordial  ova 
from  the  superficial  germ  epithelium  is  fully  confirmed,  and  the  stroma  of  the 
ovary  is  shown  to  be  produced  by  a  direct  growth  from  the  subjacent  tissue 
situated  on  the  median  side  of  the  Wolfiian  body.  The  nucleus  of  each  epithelial 
corpuscle  becomes  the  germinal  vesicle  of  the  primordial  o^'^ml :  a  nucleolus  soon 
appears  within  (the  macula),  and  a  clear  homogeneous  protoplasm  coUectmg 
round  the  vesicle,  fonns  the  commencement  of  the  yolk.  The  enclosure  of  the 
primordial  ova  in  a  Graafian  follicle  takes  place  by  the  outgro"ni:h  of  processes 
of  the  connective  tissue  of  the  stroma,  so  that  the  former,  being  surrounded 
by  these  processes,  become  more  and  more  embedded  in  the  substance  of  the 
ovaiy.  At  the  same  time,  however,  the  genn-eiDithelium  corpuscles  increase  in 
number  by  proliferation,  and  extending  themselves  inwards  are  in  their  turn 
enclosed  singly  or  in  clusters  by  the  processes  of  the  stroma.  But  what  is  most 
important  and  novel  in  these  observations  is  this,  that  Dr.  Foulis  has  traced  the 
formation  of  the  cells  of  the  membrana  granulosa  to  the  nuclei  of  the  fibro- 
nuclear  tissue  constituting  the  stroma,  which  gradually  insinuate  themselves 
round  each  xjrimordial  ovum,  along  with  the  processes  of  the  vascular  tissue  of 
the  stroma  which  afterwards  forms  the  wall  of  the  follicle.  The  connective- 
tissue  nuclei  which  first  surround  each  ovigerm  are  comparatively  few  in  number ; 
but  they  soon  increase  by  cell  multiplication,  and  form  the  complete  membrana 
granulosa  by  which  the  follicle  is  lined. 

On  the  subject  of  the  ovum,  in  addition  to  the  works  previously  quoted,  the 
following   may  be   mentioned  : — Martin  Barry's  Researches  en  Embryology,  in 
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Phil.  Trans.,  1838  and  1839  ;  Allen  Thomson,  Article  "  Ovnm,"  in  Cyclop,  of 
Anat.  and  Phys. ;  FaiTC,  "  Uterus  and  Appendages,"  in  the  same  ;  KollOcer's 
Entv/ickelungs-geschichte  ;  Pfliiger,  Die  Eierstocke,  Leipzig,  1863  ;  Schron,  in 
Zeitsch.  f.  Wissensch.  Zoologie,  vol.  xii.  p.  409  ;  Grohe,  in  Virchow's  Archiv. 
-vol.  xxvi.  p.  271,  and  vol.  xxix.  p.  4.50  ;  Bischoff 's  Works  :  lienle,  in  his  Hand- 
huch,  vol.  ii. ;  W.  His,  Die  erste  Entwick.  des  Hlihnchens,  &c.,  1868  ;  Ed.  Van 
Beneden,  in  Mem.  Cour.,  &c.,  de  I'Acad.  Roy.  de  Belgique,  1870  ;  Foster  and 
Balfour,  Elements  of  Embryology,  1874. 

The  o\a.im  of  mammals  appears  to  have  been  seen  by  Messrs.  Prevost  and 
Dumas  as  early  as  1824,  but  imperfectly  recognised.  Von  Baer  was  undoubtedly 
the  first  clearly  to  point  out  its  nature  and  seat  within  the  Graafian  follicle.  (De 
ovi  Mammal,  et  horn,  genesi,  Lipsige,  1827.)  The  discovery  of  the  germinal  vesicle 
in  the  ovarian  ovum  of  bkds  was  made  by  J.  E.  Purkinje  in  182.5.  That  of  the 
mammiferous  ovitm  was  announced  by  Coste  in  1833,  and  T.  W.  Jones  had  inde- 
pendently observed  it.     The  macrda  was  by  discovered  Rud.  Wagner  in  1834. 

"Vessels  and  nerves  of  the  ovaries  and  Fallopian  tubes. — The  ovai-ies  are 
most  directly  supplied  by  the  ovarian  arterh'S,  analogous  to  the  spermatic  in  the 
male,  which  anastomose  freely  by  an  internal  branch  mth  the  termination 
of  the  uterine  ai-teries.  Sometimes  this  anastomotic  branch  is  so  large  that  the 
ovary  seems  to  be  supplied  almost  entirely  by  the  uterine  artery.  The  ovarian 
artery  always  sends  numerous  branches  to  the  Fallopian  tube.  The  smaller 
arteries  penetrate  the  ovaiy  along  its  attached  border,  pierce  the  proper  coat, 
and  run  in  flexuous  jaarallel  lines  through  its  substance.  The  reins  correspond, 
forming  a  plexus  near  the  ovary  named  the  pampiniform  plexus.  The  nerves 
are  derived  from  the  spermatic  or  ovarian  plexus  :  and  also  from  one  of  the 
-ateiine  nerves,  which  invariably  send  an  offset  to  the  Fallopian  tube. 

Parovarium. — The  organ  so  named  by  Kobelt,  or  the  Organ  of  Rosen- 
miiller,  its  first  describer,  is  a  structure  which  can  usually  be  brought 
plainly  into  view  by  holding  against  the  light  the  fold  of  peritoneum 
between  the  ovary  and  Fallopian  tube  (see  fig.  333).  It  consists  of  a 
group  of  scattered  tubules  lying  transversely  between  the  Fallopian 
tube  and  ovary,  lined  with  epithelium,  but  having  no  external  open- 
ings. The  tubules  converge,  but  remain  separate  at  their  ovarian  end, 
and  at  the  other  are  more  or  less  distinctly  united  by  a  longitudinal 
tube.  The  duct  which  unites  them  is  sometimes  of  considerable  size, 
and  is  prolonged  for  some  distance  downwards,  in  the  broad  ligament. 
Its  more  developed  form  in  some  animals,  as  the  cow  and  pig,  consti- 
tutes the  duct  of  Gaertner,  afterwards  referred  to  as  arising  from  a 
persistent  condition  of  the  Wolffian  duct. 

The  origin  of  this  vestige  of  a  foetal  structure  will  be  more  fully 
referred  to  under  Development.  Here  it  is  sufficient  to  state  that  it 
corresponds  essentially  to  the  epididymis  of  the  male,  and  is  in  the 
female,  therefore,  due  to  the  persistence  of  the  upper  or  sexual  division 
of  the  Wolffian  body,  Avhich  has  been  distinguished  by  Banks,  Dursy, 
and  others  from  the  lower  or  primordial-kidney  part  of  that  organ.  The 
remains  of  the  latter  part  of  the  Wolffian  body,  in  the  male  sex,  consti- 
tuting the  organ  of  Giraldes,  have  been  already  referred  to  in  the  de- 
scription of  the  testicle.  From  the  observations  of  His  in  birds,  and  of 
Y/aldeyer  in  Mammals,  it  appears  that  vestiges  of  this  structure  are 
also  sometimes  to  be  detected  in  the  adult  female,  in  the  shape  of 
obscure  or  imperfect  tubular  remains,  situated  in  the  broad  ligament 
nearer  to  the  uterus  than  the  parovarium,  and  more  obvious  remains 
of  these  are  very  apparent  in  the  early  stages  of  foetal  life  in  man  and 
most  animals. 
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With  a  Yiew  to  the  distinction  of  these   several  vestiges  in  the  two  sexes, 
the  following  tabular  enumeration  of  them  is  given,  with  the  names  proposed 
by  Waldeyer  printed  in  italics,  viz. : — 
The  upper  or  non-glomerular  part  of  the  Wolffian  body  foims — • 

1.  In  the  male,  the  Epididymis. 

2.  In  the  female,  the  Parovarium,  Organ  of  Eosenmiiller,  or  EpoopTioron. 
The  lower  or  primordial-kidney  part  of  the  Wolffian  body  forms — 

1.  In  the  male,  the  organ  of  Giraldes,  Parepididymis  or  Paradidymis, 

2.  In  the  female,  the  Parooplioroii  (Eierstock  und  Ei.  p  142). 


THE     PERITOlSrEUM. 

The  abdominal  viscera  having  now  been  described,  as  well  as  the 
disposition  of  the  peritoneum  in  relation  to  each  of  them,  it  remains 
to  give  an  account  of  that  membrane  in  its  whole  extent,  and  to  trace 
its  continuity  over  the  various  parts  which  it  lines  or  covers. 

After  lining  the  anterior  wall  of  the  abdomen,  the  peritoneum  passes 
round  on  either  side  to  the  lumbar  region,  where  it  meets  with  the  right 
and  left  portions  of  the  great  intestine.  On  the  right  side  it  com- 
pletely invests  the  lower  rounded  end  of  the  CEecum  with  the  vermiform 
appendix  ;  but  the  rest  of  the  ceecum  it  covers  only  before  and  on  the 
sides,  a  part  of  the  bowel  behind,  of  variable  extent,  being  immediately 
adjacent  to  the  iliac  fascia,  except  in  rare  instances  where  the  mem- 
brane goes  entirely  round  and  forms  a  mesocascum.  It  is  disposed  in  a 
similar  manner  on  the  ascending  colon  which  is  in  immediate  apposition 
with  the  right  kidney  and  other  parts  behind  ;  although  here,  too, 
the  investment  may  be  complete  with  a  resulting  right  mesocolon. 

Leaving  the  right  colon,  the  peritoneum  gives  a  scanty  covering  to 
the  anterior  face  of  the  right  kidney  and  adjoining  third  portion  of  the 
duodenum  where  that  intestine  comes  down  from  behind  the  transverse 
mesocolon  ;  lower  down  it  continues  over  muscles  and  vessels  to  the 
root  of  the  mesentery,  advances  forwards  to  form  the  right  layer  of  that 
process,  turns  round  the  jejunum  and  ileum,  affording  them  their  perito- 
neal coat,  and  returns  back  to  the  vertebra,  thus  completing  the  mesen- 
tery on  the  left  side.  The  membrane  now  reaches  the  left  colon,  first 
passing  in  front  of  the  left  kidney,  which  being  less  covered  by  colon 
than  the  right  one,  gets  more  of  the  peritoneum.  After  investing  the 
left  colon  much  in  the  same  manner  as  the  right,  the  peritoneum,  thus 
traceable  horizontally  round  the  abdomen,  is  continued  over  the  lateral 
wall  on  the  left  side.  Where  the  colon  forms  its  sigmoid  flexure  it  is 
completely  invested  by  peritoneum,  which  attaches  it  by  a  compara- 
tively free  and  moveable  sigmoid  mesocolon  to  the  fascia  of  the  left 
iliac  fossa. 

From  this  part,  and  from  the  lower  end  of  the  mesentery  the  peri- 
toneum is  continued  into  the  pelvis.  It  there  invests  the  upper  part  of 
the  rectum  completely,  forming  a  meso-rectum  behind.  Lower  down 
the  membrane  gradually  quits  the  intestine,  first  behind,  then  at  the 
sides,  and  finally  in  front,  whence  it  is  reflected  on  the  inferior  fundus 
and  posterior  part  of  the  bladder  in  the  male,  and  forms  here  the  redo- 
vesical  pouch,  the  mouth  of  which  is  bounded  by  a  crescentic  fold  on  each 
side,  but  larger  on  the  left,  the  two  being  named  jtf&ce  semilunares,  i'rom 
the  superior  fundus  the  peritoneum  passes  to  the  recti  muscles.     Here 
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it  coyers  the  remains  of  the  tiraehus  in  the  median  line,  and  the  closed 
umbilical  artery  on  either  side,  which  as  it  passes  from  the  os  pubis  to 
the  abdominal  wall  raises  the  peritoneum  into  a  well-marked  fold,  sepa- 
rating two  shallow  pits  named  internal  and  external  inguinal  pouches 
(more  fully  described  with  the  special  anatomy  of  the  groin).  In  the 
female  the  peritoneum  passes  from  the  rectum  to  the  upper  part  of  the 
vagina,  and  over  the  posterior  and  anterior  surfaces  of  the  uterus,  whence 
it  goes  to  the  bladder.  The  recto-vaginal  pouch,  like  the  recto-vesical,  is 
Ibounded  above  by  its  semilunar  folds,  and  the  uterine  peritoneum  forms 
at  the  sides  the  broad  ligaments  of  the  uterus,  along  the  u'pper  border 
of  which  the  Fallopian  tubes  receive  from  it  a  serous  covering  ;  but  at 
their  fimbriated  openings  the  peritoneum  is  continuous  with  the  mucous 
membrane  lining  the  tubes. 

The  peritoneum,  on  being  traced  to  the  upper  part  of  the  abdomen,  is 
found  to  line  the  vault  of  the  diaphragm,  adhering  moderately  to  the 
muscular  and  firmly  to  the  tendinous  part,  and  continuing  down 
behind  as  far  as  the  hinder  border  of  the  liver  and  the  oesophageal 
opening.  It  then  passes  forward  on  the  liver,  forming  the  falciform, 
coronary,  and  lateral  ligaments  of  that  organ,  already  specially 
■described. 

Turning  round  the  anterior  border  it  passes  back  on  the  under 
surface,  but  after  covering  the  lobulus  quadratus,  and  arriving  at  the 
transverse  fissure,  it  meets  with  a  peritoneal  layer  from  behind,  and  in 
association  with  it,  stretches  from  the  liver  to  the  stomach,  to  form  the 
lesser  omentum,  as  will  be  presently  explained.  To  the  right  of  this 
part  it  invests  the  gall-bladder,  more  or  less  completely,  and  the  under 
surface  of  the  right  lobe,  gives  a  complete  covering  to  the  adjacent 
part  of  the  duodenum,  and  passes  to  the  upper  end  of  the  right 
kidney,  forming  here  a  slight  fold,  named  hepato-renal  ligament.  It 
then  covers  the  hepatic  flexure  of  the  colon,  and  reaches  the  right 
colon,  on  which  it  has  been  already  traced.  To  the  left  of  the  trans- 
verse and  the  longitudinal  fissure  the  peritoneum  invests  the  whole  of 
the  left  lobe,  and  stretches  out  as  the  long  left  lateral  ligament  above 
and  beyond  the  oesophageal  opening.  It  then  passes  down  over  that 
opening  and  covers  the  front  and  left  side  of  the  gullet,  spreads 
■over  the  left  end  of  the  stomach,  where  it  passes  off  to  invest  the 
spleen,  forming  a  duplicature  named  the  gastro-splenic  ligament,  or 
gastro-splenic  omentum,  for  it  is  connected  below  with  the  great 
■omentum,  and  often  reckoned  as  a  part  of  it.  When  the  membrane 
passes  from  the  diaphragm  to  the  oesophagus  it  forms  a  small  duplica- 
ture in  the  angle  between  them,  named  the  gastro-phrenic  ligament ; 
it  extends  also  as  a  stout  and  well-marked  fold  (the  costo-  or  phreno- 
colic  ligament)  from  the  diaphragm  opposite  the  tenth  and  eleventh 
ribs  to  the  splenic  flexure  of  the  colon,  then  passes  over  the  splenic 
flexure,  and  reaches  the  left  kidney  and  descending  colon,  where  it  has 
"been  already  described. 

Omenta. — The  arrangement  of  the  remaining  part  of  the  peritoneum 
— that  between  the  stomach,  liver,  and  transverse  colon — is  somewhat 
complex,  in  consequence  of  the  membrane  forming  in  this  situation  a 
-second  and  smaller  sac,  which  communicates  towards  the  right  with  the 
general  cavity  by  a  narrow  throat,  named  the  foramen  of  Winsloiv. 
This  passage,  which  readily  admits  a  finger,  is  situate  behind  the  bundle 
of  hepatic  vessels  which  stretches  between  the  liver  and  commencing  duo- 


THE  PEEITOXEUil. 


483 


■deuum  ;  behind  the  orifice  is  the  vena  cava ;  it  is  bounded  above  by  the 


Fig.  340,  A. — Diagrammatic  Outline  op  a 

SUPPOSED  SECTION  OF  THE  BODY,  SHOWING 
THE  INFLECTIONS    OP  THE  PeRITONEUJI  IN 

THE  Female  (Allen  Thomson),     i 

The  upper  part  of  the  section  is  a  little  to 
the  right  of  the  mesial  plane  of  the  body, 
through  the  quadrate  and  Spigelian  lobes  of 
the  liver ;  below,  it  is  supposed  to  be  mesial: 
I  c,  ]3laced  above  the  diaphragm  opijosite  to 
the  coronary  ligament  of  the  liver  ;  I,  the 
liver  ;  V,  lobe  of  Spiegel  ;  s,  stomach  ;  c, 
transverse  colon  ;  i,  the  small  intestine  ; 
J5  a,  pancreas  ;  a,  the  aorta  ;  d,  the  duode- 
num ;  v,  urinary  bladder  ;  u,  uterus  ;  }', 
rectum  ;  t  ,  its  middle  part  opened  ;  v  a, 
vagina ;  ]),  p,  the  parietal  peritoneum  lining 
the  front  and  back  of  the  abdominal  cavity  ; 
the  line  representing  the  inflections  of  the 
wreater  sac  of  the  peritoneum  will  be  traced 
from  the  neighbourhood  of  I  c,  where  it 
passes  on  the  upper  surface  of  the  liver  over 
the  upper  and  lower  surfaces  of  that  organ, 
in  the  front  of  ffh,  the  gastro-hepatic  omen- 
tum, over  the  front  of  the  stomach,  down 
to  o',  the  outer  layer  of  the  great  omentum, 
whence  it  passes  back  to  the  vicinity  of 
the  pancreas,  and  re-descends  as  the  upper 
layer  of  the  transverse  meso-colon  ;  after 
•enclosing  the  colon  it  returns  on  the  lower 
surface  of  the  transverse  meso-colon,  m  c,  to 
the  root  of  the  mesentery,  m  ;  it  now  forms 
the  mesentery  and  encloses  the  small  in- 
testine, returning  to  the  posterior  wall  of 
the  abdomen,  whence  it  j^asses  over  the 
rectum,  r,  descends  into  the  recto-vaginal 
pouch,  u',  covers  the  back  and  front  of 
the  uterus  and  the  bladder  partially,  and 
regains  the  anterior  abdominal  wall  above 
the  pubes.  As  connected  with  the  lesser 
sac  of  the  peritoneum,  to  marks  the  posi- 
tion of  the  foramen  of  Winslow  as  if  seen 
beyond  the  section  ;  the  lesser  sac,  with 
the  cavity  of  the  omentum,  is  shaded 
with  horizontal  lines,  and  is  marked  o  o  : 
round  this  space  the  line  of  the  peri- 
toneum may  be  traced  from  the  diaphragm 
over  the  lobe  of  Spiegel,  to  the  back  of  the 
gastro-hepatic  omentum,  thence  behind  the 
stomach  and  down  into  the  great  omen- 
tum ;  it  then  ascends  to  the  pancreas, 
which  it  covers,  and  thence  reaches  again 
the  diaphragm. 

B  is  a  sketch  of  part  of  a  section  similar 
to  that  of  A,  but  showing  the  view  more 
.commonly  taken,  according  to  which  the 
two  layers  of  the  meso-colon  are  continuous 
with  the  posterior  pair  of  the  layers  of  the 
■great  omentum. 

tSpigehan  lobe  where  joined  by 
the  lobulus  caudatus  ■,  its  lower 
-boundary  is  formed  by  tlic  duo- 
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denum  and  a  ciu've  of  the  hei^atic  artery.  From  this  opening  the 
lesser  sac  spreads  out  to  the  left  behind  the  general  or  main  sac 
of  the  peritonenm.  It  coyers  a  part  of  the  posterior  abdominal 
wall,  but  in  front  and  below  it  is  applied  to  the  back  of  the  main 
sac,  to  which  it  adheres  except  where  the  stomach  is  interposed. 
Moreover,  it  indents,  as  it  were,  the  back  of  the  main  sac,  and 
between  the  stomach  and  colon  protrudes  into  it  in  form  of  a  great 
pouch — the  bag  of  the  omentum, — which  thus  has  a  double  coat, 
formed  by  the  apposition  of  the  membranes  of  both  sacs.  To  trace  this 
arrangement  more  particularly  :  suppose  a  finger  pushed  into  the 
foramen  of  Winslow,  and  the  thumb  brought  to  meet  it  from  before,  to 
the  left  of  the  hepatic  vessels;  the  membrane  held  between  is  double  ; 
its  anterior  layer  (from  the  greater  sac),  turns  round  the  hepatic 
vessels  into  the  foramen,  and  then  belongs  to  the  lesser  sac.  The 
double  membrane,  so  constituted,  is  the  lesser  or  hepato-gastric  omentum. 
From  the  point  indicated  it  may  be  followed  to  the  transverse  fissure  of 
the  liver,  where  its  laminae  separate,  the  anterior,  which  has  already 
been  traced  from  above,  spreading  on  the  adjacent  part  of  the  liver, 
the  posterior  covering  the  lobulus  Spigelii,  where  it  will  be  again  met 
with.  The  attachment  of  the  combined  layers  continues  backwards 
from  the  left  end  of  the  transverse  fissure  along  the  fossa  ductus  venosi 
to  the  diaphragm,  on  which  it  runs  a  short  way  to  reach  the  oesophagus, 
where  the  anterior  lamina  covers  the  end  of  that  tube  in  front  and  on 
the  left,  and  the  posterior  lamina  invests  it  on  the  right  and  behind. 
From  this  point,  as  far  as  the  pylorus,  the  lesser  omentum  is  attached 
to  the  lesser  curvature  of  the  stomach,  where  its  lamiuse  separate — one 
covering  the  anterior  and  the  other  the  posterior  surface  of  the  organ — 
but  meeting  again  at  the  great  curvature,  they  pass  down  in  conjunction 
to  a  variable  distance  before  the  small  intestine  to  form  the  anterior 
part  of  the  great  omental  sac,  and  then  turn  up  to  form  its  posterior 
wall.  Meeting  next  with  the  transverse  colon,  the  two  laminte  separate, 
and  enclose  that  intestine,  but  meet  again  behind  it  to  form  the  trans- 
verse mesocolon.  This  extends  back  to  the  lower  border  of  the  pancreas, 
from  which  its  inferior  layer  is  continued  down  over  the  posterior  wall 
of  the  abdomen,  and  forms  the  mesentery,  where  it  has  been  already 
recognised.  The  superior  layer,  on  the  other  hand,  Avhich,  as  will 
be  understood,  belongs  to  the  lesser  sac,  covers  the  front  of  the 
pancreas,  the  coeliac  artery  and  its  main  divisions  with  the  adjacent 
part  of  the  diaphragm,  and  may  extend  to  the  left  end  of  the  pancreas 
and  lower  end  of  the  spleen,  partially  investing  the  latter  organ  and 
forming  part  of  the  gastro-splenic  ligament.  It  then  goes  forward 
on  the  lobulus  Spigelii  to  the  transverse  fissure,  and  the  line  of  attach- 
ment of  the  lesser  omentum  of  which  it  then  becomes  the  under 
layer.  More  to  the  right  the  layer  in  question  passes  over  the  vena 
cava,  and  continues  into  the  general  peritoneum  beyond  the  foramen 
of  Winslow.  The  gastric  and  hepatic  arteries,  especially  the  former 
(Huschke),  may  raise  the  membrane  into  folds  which  project  into  the 
cavity. 

From  the  description  given  it  will  be  understood  that,  as  the 
sides  or  walls  of  the  great  omental  bag  consist  of  two  peritoneal 
layers,  its  whole  thickness  (in  its  usually  empty  and  collapsed 
state)  will  comprehend  four  layers.  But  although  the  bag  may  be 
inflated  in  its  whole  extent  in  the  infantile  body,  its  sides  afterwards 
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cohere,  and  it  becomes  impervious  in  its  lower  part.  Fat,  moreover, 
accumnlates  between  its  laminae  ;  long  slender  branches  also  pass  down 
into  it  from  the  gastro-epiploic  vessels. 

The  part  of  the  membrane  just  described,  which  is  attached  to  the 
great  curvature  of  the  stomach  and  transverse  colon,  which  is  con- 
nected also  with  the  gastro-splenic  ligament  (or  omentum),  is  usually 
named  the  great  or  gastro-colic  omentum.  This  may  reach  the  hepatic 
flexure,  and  pass  a  certain  way  down  on  the  right  colon,  and  this  part 
has  been  distinguished  by  Haller  and  others  as  the  omentum  colicum. 
The  great  omentum  (proper)  usually  reaches  lower  down  at  its  left 
border,  and  it  is  said  that  omental  inguinal  herniEe  are  more  common 
on  the  left  side. 

The  description  now  given  of  the  relation  of  the  omentum  to  the 
meso-colon  agrees  with  the  appearances  most  frequently  seen  in  the 
adult  subject,  and  with  the  account  usually  given  in  English  works  of 
Anatomy;  the  exterior  (here  also  posterior)  layer  of  the  great  omentum 
being  described  as  separating  from  the  layer  w^ithin,  belonging'  to  the 
omental  sac,  when  it  reaches  the  transverse  colon  so  as  to  pass  behind 
or  below  that  viscus,  and  as  proceeding  from  thence  backwards  to  the 
abdominal  Avail  as  the  posterior  or  lower  layer  of  the  transverse  meso- 
colon. It  was,  however,  long  ago  pointed  out  by  Haller,  and  the  view  has 
been  confirmed  by  the  observations  of  J.  F.  Meckel,  J.  Midler,  Hansen, 
and  Huschke,  that  in  the  foetus,  and  occasionally  in  the  child,  or  even 
in  the  adult,  the  two  ascending  layers  of  the  omentum,  though  adherent 
to  the  transverse  colon,  may  be  separated  from  it  and  from  the  trans- 
verse meso-colon,  so  as  to  demonstrate  that  the  transverse  meso-colon 
is  really  a  distinct  duplicature  of  peritoneum.  This  view  has  been 
adopted  by  Holden  and  Luschka  in  their  more  recent  works,  and  has 
been  verified  by  Allen  Thomson.  Figures  340  a,  and  b,  show  diagram- 
matically  the  difference  of  the  two  views. 

It  appears,  therefore,  that  a  poi-tion  of  peritoneum,  which  in  the  foetus  jiasses 
above  the  transverse  colon  to  the  back  of  the  abdomen,  and  is  thence  reflected 
forwards  as  the  upper  layer  of  the  meso-colon,  disappears  in  the  adult  ;  the  peri- 
toneal layers  between  which  it  was  interposed  having  cohered  to  form  the  trans- 
verse meso-colon.  It  is  conceivable  that  the  foetal  duplicature  may  be  obliterated 
by  absoi-ption  of  its  substance  as  the  adhesion  goes  on  between  the  layers, 
between  which  it  is  placed  ;  or,  more  probably  perhaps,  it  may  be  dra"mi  or 
pushed  foiTvard  from  its  place  in  the  progress  of  visceral  development,  and  thus 
effaced. 
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The  mammary  glands  (mammae),  which  yield  the  milk  in  the  female, 
are  accessory  parts  to  the  reproductive  system.  They  give  a  name  to  a 
large  class  of  animals  (Mammalia),  which  are  distinguished  by  the  pos- 
session of  these  organs.  When  fully  developed  in  the  human  female,, 
they  form,  together  with  the  integuments  and  a  considerable  quantity 
of  fat,  two  rounded  eminences  (the  breastfe)  placed  one  at  each  side  on 
the  front  of  the  thorax.  These  extend  from  the  third  to  the  sixth  or 
seventh  rib,  and  fi'om  the  side  of  the  sternum  to  the  axilla,  A  little 
below  the  centre  of  each  breast,  on  a  level  with  the  fourth  rib,  or  a 
ittle  lower,  projects  a  small  conical  body  named  the  mpi^le  (mammilla), 
which  points  somewhat  outwards  and  upwards.  The  surface  of  the 
nipple  is  dark,  and  around  it  there  is  a  coloured  circle  or  areola,  within) 
which  the  skin  is  also  of  a  darker  tinge  than  elsewhere.  In  the  virgin, 
these  parts  are  of  a  rosy  pink  colour,  differing  somewhat  according  to 
the  complexion  of  the  individual,  and  they  are  always  darker  in  women 
who  have  borne  children.  Even  in  the  second  month  of  the  first  preg- 
nancy, the  areola  begins  to  enlarge  and  acquire  a  darker  tinge  ;  these 
changes  go  on  increasing  as  gestation  advances,  and  are  regarded  as 
signs  to  be  relied  on  in  judging  of  suspected  pregnancy.  After  lactation 
is  over,  the  dark  colour  subsides,  but  never  entirely  disappears.  The 
skin  of  the  nipple  is  marked  with  many  wrinkles,  and  is  covered  with 
papillse  ;  besides  this,  it  is  perforated  at  the  tip  by  numerous  foramina, 
which  are  the  openings  of  the  lactiferous  ducts  :  and  near  its  base,  as 
well  as  upon  the  surface  of  the  areola,  there  are  scattered  rounded  ele- 
vations, which  are  caused  by  the  presence  of  little  glands  with  branched 
ducts,  four  or  five  of  which  open  on  each  elevation.  The  tissue  of  the 
nipple  contains  a  large  number  of  vessels,  together  with  much  plain 
muscular  tissue,  and  its  papillse  are  highly  sensitive  ;  it  becomes  firmer 
and  more  projecting  from  mechanical  excitement, — a  change  mainly 
caused  by  contraction  of  the  muscular  fibres,  which  form  concentric 
circles  round  the  base,  and  some  radiating  bands  running  from  base  to 
apex  of  the  nipple. 

The  base  of  the  mammary  gland  is  somewhat  oval,  flattened,  or 
Slightly  concave,  and  has  its  longest  diameter  directed  upwards  and 
outwards  towards  the  axilla.  The  gland  lies  in  connective  tissue  con- 
tinuous with  the  superficial  fascia,  its  base  resting  on  the  pectoral 
muscle,  and  separated  from  it  by  a  layer  of  firm  areolar  tissue  con- 
tinuous with  the  deep  fascia.  The  thickest  part  of  the  gland  is  near  the 
centre,  opposite  the  nipple. 

On  the  surface,  and  penetrating  also  between  the  lobes,  there  is  a 
large  quantity  of  fat,  which  mainly  gives  the  full  and  smoothly  rounded 
form  to  the  gland.  This  fat  is  of  a  firm  consistence  and  bright  yellow 
colour,  and  is  subdivided  into  lobules  by  partitions  of  connective  tissue. 
It  is  entirely  absent  from  the  nipple  and  areola. 

STRUCTURE    OF    THE    MAMMA. 

The  glandular  substance  of  the  mamma  consists  of  numerous  distinct 
lobes  held  together  by  firm  intervening  fibrous  or  areolar  tissue,  and 
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having  adipose  tissue  penetrating  between  them.  Each  of  these  lobes 
is  provided  with  an  excretory  duct,  and  is  subdivided  into  smaller  lobes, 
and  these  again  into  smaller  and  smaller  lobules,  which  are  flattened 
or  depressed,  and  are  united  by  areolar  tissue,  blood-vessels,  and  ducts. 
The  substance  of  the  lobules  is  of  a  pale  reddish  cream-colour^ 
especially  as  contrasted  with  the  adjacent  fat,  and  is  rather  firm.  It 
is  composed  principally  of  the  vesicular  commencements  of  the  lacti- 
ferous ducts,  which  appear  like  clusters  of  small  rounded  vesicles, 
having  a  diameter  from  ten  to  thirty  times  as  great  as  that  of  the 
capillary  vessels  by  which  they  are  surrounded.  These  vesicles  open 
into  the  smallest  branched  ducts,  which,  uniting  together  to  form  others 
of  larger  size,  finally  end  in  a  single  excretory  canal  corresponding- 
Fig.  341. 


Fig.  341. — Dissection  op  tite  lower  half  op  the  Female  Mamma  dueing  the 
PEKioD  OF  Lactation  (from  Luschka).     | 

a,  a,  a,  undissected  part  of  the  mamma  ;  1,  the  mammilla  ;  2,  areola  ;  3,  sub- 
cutaneous masses  of  fat ;  4,  reticular  loculi  of  the  connective  tissue  which  support  the 
glandular  substance  and  contain  the  fatty  masses  ;  5,  three  lactiferous  ducts  passing 
towards  the  mammilla  where  they  open  ;  6,  one  of  the  sinus  lactei  or  reservoirs  ; 
7,  some  of  the  glandular  lobules  which  have  been  unravelled  ;  7',  others  massed  together, 

to  one  of  the  chief  subdivisions  of  the  gland.  The  canals  formed 
thus  are  named  the  galadophorous  duds,  and  are  from  fifteen  to 
twenty  in  number  ;  they  converge  towards  the  areola,  beneath  which 
they  become  considerably  dilated,  especially  during  lactation,  so  as  to 
form  amjmllcB  or  sinuses  two  or  even  three  lines  wide,  which  serve  as  small 
temporary  reservoirs  for  the  milk.  At  the  base  of  the  nipple  all  these 
ducts,  agam  reduced  in  size,  are  assembled  together,  those  in  the  centre 
being  the  largest,  and  then  proceed,  side  by  side,  surrounded  by  areolar 
tissue  and  vessels,  and  without  communicating  with  each  other,  to  the 
summit  of  the  mammilla,  where  they  open  by  separate  orifices  ;  these 
orifices  are  seated  in  little  depressions,  and  are  smaller  than  the  duets 
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to  which  they  respectively  belono^.  The  walls  of  the  ducts  are  composed 
of  areolar  tissue,  with  longitudinal  and  circular  elastic  fibres.  Both 
the  terminal  vesicles  and  the  ducts  are  lined  with  short  columnar  epi- 
thelium, which  passes  into  the  flat  kind  near  the  external  openings  on 
the  nipple. 

Fig.  342, 
A 


Fig.   342, — Magnified  Views  of  the  G-landulae,  Substance  of  the  Mamjia  during 
THE  PERIOD  OF  LACTATION  (from  Henle), 

A,  section  of  a  small  lobule  of  the  gland,  magnified  60  diameters  ;  1,  stroma  of  con- 
nective tissue  supporting  the  glandular  tissue  ;  2,  terminal  ramuscule  of  one  of  the  gland- 
tubes  ;  3,  glandular  vesicles. 

B,  four  glanckilar  vesicles  inagnified  200  diameters,  showing  the  lining  epithelial  cells 
and  some  milk-globules. 

Biiference  according  to  sex. — The  mamma  begins  to  be  formed 
as  early  as  the  fourth  month  of  foetal  life,  but  its  subsequent  growth 
is  comparatively  tardy.  At  the  third  or  fourth  year  of  infancy,  there  is 
little  or  no  difference  in  male  and  female  children.  The  fuller  develop- 
ment of  the  gland  in  the  female  occurs  only  towards  puberty. 

In  the  adult  male  the  mammary  gland  and  all  its  parts  exist,  but 
quite  in  a  rudimentary  state,  the  gland  itself  measuring  only  from  six 
to  nine  lines  across,  and  two  lines  thick,  instead  of  four  inches  and  a 
half  wide  and  one  and  a  half  thick,  as  in  the  female.  Occasionally  the 
male  mamma,  especially  in  young  subjects,  enlarges  and  gives  out  a 
thin  watery  fluid  ;  and,  in  some  rare  cases,  it  has  secreted  milk.  (W. 
Gruber,  On  the  Male  Mamma,  in  Mem,  of  the  Petersburg  Acad.,  1866.) 

Blood-vessels  and  Merves. — The  arteries  which  supply  the  mam- 
mary glands  are  the  long  thoracic  and  some  other  branches  of  the 
axillary  artery,  the  internal  mammary,  and  the  subjacent  intercostals. 
The  veins  have  the  same  denomination.  Haller  described  a  sort  of 
anastomotic  venous  circle  surrounding  the  base  of  the  nipple  as  the 
drculus  venosus.  The  nerves  proceed  from  the  anterior  and  middle 
intercostal  cutaneous  branches. 

Varieties. — Two  or  even  three  nipples  Lave  been  found  on  one  gland.  An 
additional  mamma  is  sometimes  met  with,  and  even  four  or  five  have  been 
observed  to  co-exist  ;  the  supernumerary  glands  being  most  frequently  near  the 
ordinary  pair,  but  sometimes  in  a  distant  part  of  the  body,  as  the  axilla,  thigL, 
or  back. 
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THE    CEREBRO- SPINAL    AXIS. 

Under  this  head  it  is  intended  to  describe  the  Central  Organs  of  the 
Nervous  System,  both  as  regards  their  general  conformation  and  their 
minute  structure.  The  central  ganglia  of  the  sympathetic  system  have 
Ibeen  described  along  -with  the  sympathetic  nerves. 

The  cerelro-spinal  axis  is  contained  partly  within  the  cavity  of  the 
cranium,  and  partly  within  the  vertebral  canal ;  it  is  divided  by  anato- 
mists into  the  hrain  or  enceijMlon,  and  the  enlarged  upper  mass  placed 
within  the  cranium,  and  the  spmal  cord  contained  within  the  vertebral 
canal.  It  is  symmetrical  in  its  form  and  structure  throughout,  con- 
sisting of  a  right  and  a  left  half,  separated  to  a  certain  extent  by 
longitudinal  fissui-es,  and  presenting,  in  their  plane  of  union,  various 
portions  of  white  and  grey  nervous  substance  which  cross  from  one 
side  to  the  other,  and  form  the  commissures  of  the  brain  and  spinal  cord. 

Enclosed  within  the  skull  and  the  vertebral  canal,  the  cerebro-spinal 
axis  is  protected  by  the  bony  walls  of  those  two  cavities ;  it  is  also 
surrounded  by  three  membranes,  which  afford  it  additional  protection 
and  support,  and  are  subservient  to  its  nutrition.  These  envelopes, 
which  will  be  described  hereafter,  are,  1st,  a  dense  fibrous  membrane 
named  the  dura  mater,  which  is  placed  most  superficially  ;  2nd,  a  serous 
membrane  called  the  arachnoid ;  and,  3rd,  a  highly  vascular  mem- 
brane named  the  pia  mater,  which  is  next  to,  and  closely  invests  the 
surface  of  the  brain  and  cord. 

A.— SPIDSTAL    CORD. 

EXTERNAL    FORM. 

The  spinal  cord,  or  spinal  marroiv  (medulla  spinalis),  is  that  part  of 
the  cerebro-spinal  axis  which  is  situated  within  the  vertebral  canal.  It 
extends  from  the  margin  of  the  foramen  magnum  of  the  occipital  bone 
to  about  the  lower  part  of  the  body  of  the  first  lumbar  vertebra.  Above, 
it  is  continued  into  the  medulla  oblongata  ;  below,  it  ends  in  a  slender 
filament,  the  filum  terminah  or  central  ligament  of  the  spinal  cord 
(fig.  344  B'). 

Invested  closely  by  a  proper  membrane  (the  pia  mater),  the  cord  is 
enclosed  within  a  sheath  (theca)  considerably  longer  and  larger  than 
itself,  formed  by  the  dura  mater,  and  separated  from  the  walls  of  the 
canal  by  numerous  venous  plexuses,  and  much  loose  areolar  tissue 
(fig.  345).  Between  the  dura-matral  sheath  and  the  pia  mater  is 
another  membrane  (the  arachnoid),  and  between  the  latter  and  the  pia 
mater  is  a  fluid  called  the  cerebro-spinal  fluid.  Within  this  space  the 
cord  is  kept  in  position  by  proper  ligaments,  which  fix  it  at  different 
points  to  its  sheath,  and  by  the  roots  of  the  spinal  nerves, — an  anterior 
and  a  posterior  root  belonging  to  each, — which  pass  across  the  space 
from  the  surface  of  the  cord  towards  the  intervertebral  foramina.   From 
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Fig.  343. 


its  lower  part,  where  they  are 
closely  crowded  together,  the  roots 
of  the  lumbar  and  sacral  nerves 
descend  nearly  vertically  to  reach 
the  lumbar  intervertebral  and  the 
sacral  foramina,  and  form  a  large 
bundle  of  nervous  cords  named  the 
Cauda  equina,  which  occupies  the 
vertebral  canal  below  the  termina- 
tion of  the  cord  (17,  fig.  345). 

Fig.  343.  —  View  op  the  Cerebro- 
spinal Axis  of  the  Nervous  Systeji 
(after  Bourgery).     \ 

The  right  half  of  the  cranium  and 
trunk  of  the  body  has  been  removed  by 
a  vertical  section  ;  the  membranes  only  of 
the  brain  and  spinal  marrow  have  been 
removed,  and  the  roots  and  first  part  of 
the  fifth  and  ninth  cranial,  and  of  all 
the  spinal  nerves  of  the  right  side,  have 
been  dissected  out  and  laid  separately  on 
the  wall  of  the  skull  and  on  the  several 
vertebra3  oppiosite  to  the  place  of  their 
natural  exit  from  the  cranio-spinal  cavity. 

F,  T,  0,  lateral  surface  of  the 
cerebrum  ;  C.  cerebellum  ;  P,  pons 
Varolii  ;  m  o,  medulla  oblongata  ;  m  s, 
upper  and  lower  extremities  of  the  spinal 
marrow  ;  c  e,  on  the  last  lumbar  ver- 
tebral spine,  marks  the  cauda  equina  ;  v, 
the  three  principal  branches  of  the  nervous 
trigeminus  or  fifth  pair  ;  C  i,  the  sub- 
occipital or  first  cervical  nerve  ;  above 
this  is  the  ninth  pair  ;  C  viii,  the  eighth 
or  lowest  cervical  nerve  ;  J)  i,  the  first 
dorsal  nerve  ;  D  xii,  the  last  or  twelfth  ; 
L  I,  the  first  lumbar  nerve  ;  L  v,  the  last 
or  fifth  ;  S  i,  the  first  sacral  nerve  ;  S  v, 
the  fifth  ;  Co  i,  the  coccygeal  nerve  ;  s, 
the  left  sacral  plexus. 

Althoug-h  tlie  cord  usually  ends 
near  the  lower  border  of  the  body  of 
the  first  lumbar  vertebra,  it  sometimes 
terminates  a  little  above  or  below 
that  point,  as  opposite  to  the  last 
dorsal  or  to  the  second  lumbar  verte- 
bra. Tlie  position  of  the  lower  end  of 
the  cord  also  varies  according  to  the 
state  of  curvature  of  the  vertebral 
column,  in  the  flexion  forw'ards  of 
which,  the  end  of  the  cord  is  slightly 
raised.  In  the  foetus,  at  an  early 
period,  the  cord  occupies  the  whole 
length  of  the  vertebral  canal ;  but, 
after  the  third  month,  the  canal  and 
the  roots  of  the  lumbar  and  sacral 
nerves  begin  to  grow  more  rapidly 
than  the  cord  itself,  so  that  at  birth 
the  lower  end  reaches  only  to  the 
third  lumbar  vertebra. 
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Fig.  344. — Anterior  and  Posterior  Views  of 
THE  ]\Iedulla  Oblongata  and  Spinal  Cord 
WITH  Sections  (Allen  Thomson).     -^ 

The  cord  has  been  divested  of  its  membranes 
and  the  roots  of  the  nerves.  A  presents  an 
anterior,  B  a  posterior  view,  showing  the  ujiper 
cervical),  and  the  lower  (lumbar)  enlargements. 
In  these  figures  the  filiform  prolongation,  repre- 
sented separately  in  B',  has  been  removed  ;  C 
shows  a  transverse  section  through  the  middle  of 
the  medulla  oblongata  ;  D,  a  section  through  the 
middle  of  the  cervical  enlargement  of  the  spinal 
cord  ;  E,  through  the  u^jper  region  of  the  dorsal 
part  ;  F,  through  its  lower  ;  Gr,  through  the  middle 
of  the  lumbar  enlargement  ;  and  H,  near  the  lower 
end  of  its  tapering  extremity. 

1,  anterior  pyramids  ;  1',  their  decussation  ; 
2,  olivary  bodies  ;  3,  restiform  bodies  ;  4,  loos- 
terior  surface  of  the  medulla  oblongata  ;  4',  cala- 
mus scriptorius  ;  5,  posterior  pyramids  ;  6,  pos- 
terior lateral  columns  passing  up  into  the  restiform 
bodies  ;  7,  7,  anterior  median  fissure  extending 
through  the  whole  length  of  the  spinal  cord  ;  S,  8, 
anterior  lateral  gi-oove  ;  9,  9,  posterior  median 
fissure  ;  10,  10,  posterior  lateral  groove ;  x , 
lower  end  of  the  tapering  extremity  of  the  cord  ; 
X ,  X ,  in  B',  the  filiform  prolongation  of  the 
cord  and  its  pia-matral  covering. 

Sise  and  extent. — The  length  of  the 
spinal  cord  is  from  fifteen  to  eighteen 
inches. '  In  general  form  it  is  cylindrical, 
somewhat  flattened  before  and  behind. 
It  presents  two  enlargements — an  upper 
or  cervical,  and  a  lower  or  lumbar  (fig, 
344,  D  and  G).  The  cervical  enlarge- 
ment is  of  gi-eater  size  and  extent  than 
the  lower.  It  reaches  from  the  third 
cervical  to  the  first  dorsal  vertebra  ;  its 
greatest  diameter  is  from  side  to  side. 
The  lower  or  lumbar  enlargement  is 
situated  nearly  opposite  the  last  dorsal 
vertebra  ;  its  antero-posterior  diameter 
is  nearly  equal  to  the  transverse.  Below 
this  enlargement,  the  cord  tapers  in  the 
form  of  a  cone  (conus  meduUaris),  from 
the  apex  of  wdiich  the  small  filiform 
prolongation  is  continued  downwards 
for  some  distance  within  the  sheath. 

The  cervical  and  lumbar  enlargements  have 
an  evident  relation  to  the  large  size  of  the 
nerves  which  supply  the  upper  and  lower 
limbs,  and  which  are  connected  with  those 
regions  of  the  cord.  At  the  commencement 
of  its  development  in  the  embryo,  the  spinal 
cord  is  destitute  of  these  enlargements,  which, 
in  their  first  appearance  and  subsequent  pro- 
gress, correspond  with  the  growth  of  the 
limbs. 


Fig.    344. 
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The  terminal  filament  (filum  terminale,  centra]  ligament)  (fig, 
oiG,J),  h.)  descends  in  the  middle  line  amongst  the  nerves  composing  the 
Cauda  equina,  and,  becoming  blended  \iil\\  the  lower  end  of  the  sheath 
opposite  to  the  first  or  second  sacral  vertebra,  passes  on  to  be  fixed 
to  the  lower  end  of  the  sacral  canal,  or  to  the  base  of  the  coccyx. 


Fig.  345. 


Fig.  345. — Posterior  View  of  the  Medulla  Oblongata  and  of  the  Spinal  Coed 
WITH  ITS  Coverings  and  the  Roots  of  the  Nerves  (from  Sappey).  ^ 
The  tlieca  or  dura-matral  slieatli  has  heen  opened  by  a  median  incision  along  the  whole 
length,  and  is  stretched  out  to  each  side.  On  the  left  side,  in  the  upper  and  middle  parts 
(A  and  B),  the  posterior  roots  of  the  nerves  have  been  removed  so  as  to  expose  the  liga- 
raentum  denticulatum  ;  and  along  the  right  side  the  roots  are  shown  passing  out  through 
the  dura  mater.  The  roman  numbers  indicate  the  different  nerves  in  the  cervical,  dorsal, 
lumbar,  and  sacral  regions  ;  9,  several  of  the  j)ointed  processes  of  the  ligamentum  den- 
ticulatum ;  10,  origin  of  several  posterior  roots  ;  11,  posterior  median  fissure  ;  12, 
ganglia  of  the  spinal  nerves  ;  13,  part  of  the  anterior  roots  seen  on  the  left  side  ;  14, 
the  united  nerve  ;  15,  tapering  lower  end  of  the  spinal  cord  ;  16,  filum  terminale  ;  17, 
Cauda  equina. 

Internally,  it  is  a  prolongation  for  about  half  its  length  of  some  of 
the  nervous  elements  of  the  cord  ;  externally,  it  consists  of  a  tube 
of  the  pia  mater  or  innermost  membrane,  which,  being  attached  at  its 
lower  end  to  the  dura  mater  and  vertebral  canal,  keeps  pace  with  the 
latter  in  its  growth,  whilst  the  cord  relatively  shortens.  It  is  distin- 
guished by  its  silvery  hue  from  the  nerves  amid  which  it  lies.  Small 
blood-vessels  may  sometimes  be  seen  upon  it. 

Fissures. — When  removed  from  the  vertebral  canal,  and  divested 
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of  its  membranes,  the  spinal  cord  is    seen  to  be  marked  by  longi- 
tudinal fissures.     Of  these,  two,  which  are  the  most  oljvious,  run  along 


Fig.  346. — LowKR  Pakt  of  the  Spinal  Cokd  with 
THE  Cauda  Equixa  axd  Sheath,  seen  froji  be- 
hind (Allen  Thomson).     J 

The  sheath  has  been  opened  from  behind  and 
stretched  towards  the  sides  ;  on  the  left  side  all  the 
roots  of  the  nerves  are  entire  ;  on  the  right  side  both 
roots  of  the  first  and  second  lumbar  nerves  are  entire, 
while  the  rest  have  been  divided  close  to  the  place  of 
their  xiassage  through  the  sheath.  The  bones  of  the 
coccyx  are  sketched  in  their  natural  relative  position 
to  show  the  place  of  the  filum  terminale  and  the  lowest 
nerves. 

a,  placed  on  the  posterior  median  iissnre  at  the 
middle  of  the  lumbar  enlargement  of  the  cord  ;  h,  b, 
the  terminal  filament,  di'awn  slightly  aside  by  a  hook 
at  its  middle,  and  descending  A^ithin  the  dnra-matral 
sheath  ;  b',  b',  its  prolongation  beyond  the  sheath 
and  upon  the  back  of  the  coccygeal  bones  ;  c,  the 
dura-matral  sheath  ;  d,  double  foramina-  for  the 
separate  passage  of  the  anterior  and  posterior  roots  of 
each  of  the  nerves  ;  e,  pointed  ends  of  several  pro- 
cesses of  the  ligamentum  denticulatum  ;  Dx,  and 
Dxii,  the  tenth  and  twelfth  dorsal  nerves  ;  Li,  and 
Lr,  the  first  and  fifth  lumbar  nerves  ;  Si,  and  Sv, 
the  first  and  fifth  sacral  nerves  ;  Ci,  the  coccygeal 
nerve. 


Fig.  346. 
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the  middle  line,  one  in  front  and  the  other 
behind,  and  are  named  the  anterior  and  pos- 
terior median  fissures.  i,-^y 

The  anierior  median  fissure  (fig.  347,  1) 
is  more  distinct  than  the  posterior,  and  pene- 
trates about  one-third  of  the  thickness  of 
the  cord,  its  depth  increasing  towards  the 
lower  end.  It  contains  a  fold  of  the  pia 
mater,  and  also  many  blood-vessels,  which 
are  thus  conducted  to  the  centre  of  the  cord. 
At  the  bottom   of  this  fissure  is  seen  the  "\  ^ 

transverse  connecting  portion  of  white  sub- 
stance named  the  anterior  ivhite  commissure. 

The  posterior  median  fissure  (fig.  347,  2)  is 
less  marked  in  the  greater  part  of  its  extent 
than  the  anterior,  but  becomes  more  evident 
towards  the  upper  part  of  the  cord.  Its  posi- 
tion is  marked,  especially  in  the  lumbar  en- 
largement and  in  the  cervical  region,  by  a 
superficial  furrow.  It  is  not  an  actual  fissure, 
for,  although  the  lateral  halves  of  the  posterior 
part  of  the  cord  are  quite  separate,  there  is 
no  distinct  inflection  of  the  pia  mater  be-  iy 

tween  them,  but  merely  a  septum  of  connec- 
tive tissue  and  blood-vessels  which  passes  in  nearly  to  the  centre  of 
the  cord,  as  far  as  the  postejior  grey  commissure. 

Besides  these  two  median  fissures,  two  lateral  furrows  or  fissures  have 


494 


THE    SPINAL    CORD. 


been  described  on  each  side  of  tlie  cord,  corresponding  with  the  lines  of 
attachment  of  the  anterior  and  posterior  roots  of  the  spinal  nerves. 

The  posterior  lateral  fissure  (fig.  347,  4)  is  a  superficial  depression 
along  the  line  of  attachment  of  the  posterior  roots. 

The  anterior  lateral  fissure,  which  is  often  described  in  the  line  of 
the  origin  of  the  anterior  roots  of  the  nerves,  has  no  real  existence  as  a 
groove.  The  fibres  of  these  roots  in  fact,  unlike  the  posterior,  do  not 
dip  into  the  spinal  cord  in  one  narrow  line,  but  spread  over  a  space  of 
some  breadth.  Thus,  each  lateral  half  of  the  cord  is  divided  superficially 
by  the  posterior  lateral  fissure  into  a  posterior  and  an  antero-lateral 
column.  The  attachment  of  the  anterior  roots,  however,  divides  the 
latter  into  anterior  and  lateral  portions. 

On  the  posterior  surface  of  the  cord,  and  most  evidently  in  the  upper 

Fig-  347.  Fig.      347.  —  Different 

Views  of  a  Portion  op 
THE  Spinal  Cord  froji 
THE  Cervical  Region 
WITH  THE  Roots  of 
THE  Nerves.  Slightly 
enlarged  (Allen  Thoni' 
son). 

In  A,  the  anterior  sur- 
face of  the  specimen  is 
sho^vn,  the  anterior  nerve- 
root  of  the  right  side 
being  divided  ;  in  B,  a 
view  of  the  right  side  is 
given  ;  in  C,  the  upper 
surface  is  shown  ;  in  D, 
the  nerve-roots  and  gan- 
glion are  shown  from 
below.  1,  the  anterior 
median  fissure ;  2,  pos- 
terior median  fissure  ;  3, 
anterior  lateral  depres- 
sion, over  which  the  ante- 
rior nerve -roots  are  seen 
to  spi'ead  ;  4,  posterior 
lateral  groove  into  which 
the  posterior  roots  are 
seen  to  sink  ;  5,  anterior 
roots  passing  the  ganglion  ; 
5',  in  A,  the  anterior  root  divided;  6,  the  posterior  roots,  the  fibres  of  which  pass 
into  the  ganglion,  6'  ;  7,  the  united  or  compound  nerve  ;  7',  the  posterior  primary- 
branch,  seen  in  A  and  D  to  be  derived  in  part  from  the  anterior  and  in  part  from  the 
posterior  root. 

part,  there  are  two  slightly  marked  longitudinal  furrows  situated  one 
on  each  side,  close  to  the  posterior  median  fissure,  and  marking  off,  at 
least  in  the  cervical  region,  a  slender  tract,  named  the  posterior  median 
column.  Between  the  anterior  and  posterior  roots  of  the  spinal  nerves, 
on  each  side,  the  cord  is  convex,  and  sometimes  presents  a  longitudinal 
mark  corresponding  with  the  line  of  attachment  of  the  ligamentum 
denticulatum. 


INTERNAL     STRUCTURE     OF     THE     SPINAL     COED. 

The  spinal  cord  consists  of  white  and  grey  nervous  substance.     The 
white  matter,  forming  by  far  the    larger   portion   of  the    cord,   is 
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situated    externally,    whilst    the    grey    matter    is    disposed    in    the 
interior. 

The  white  suTbstance  of  the  anterior  and  posterior  columns  is  pene- 
trated by  the  median  fissures,  and  by  trabecul^e  of  connective  tissue 


Fiff.  348. 


Eig.  S4S. — Teansvekse  Sections  of  Spinal  Cord  at  different  heights.    Magnified 

Two  Diameters. 

The  letters  and  numbers  indicate  the  position  of  each  section  :  C  1,  C  2,  &c.,  at  level 
of  first  cervical  nerve,  second  cervical  nerve  ;  D  1,  &c. ,  first  dorsal,  &c.  ;  L  1,  &c.,  first 
lumbar,  &c. ;  sac.  2,  second  sacral  ;  ca.  2,  second  coccygeal  nerve.  The  grey  substance 
is  shaded  dark,  and  the  nerve-cells  within  it  are  indicated  by  dots. 

extending  inwards  from  the  surface.  Most  of  these  are  irregular  and 
indistinct,  but  in  the  cervical  region  a  septum  extends  forwards  and 
inwards  from  the  fissure  just  described  which  bounds  the  posterior 
median  column.  This  column  is  thus  marked  off  from  the  rest  of  the 
posterior  column  as  a  wedge-shaped  area  on  each  side  of  the  posterior 
median  fissure. 
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The  grey  substance,  as  seen  m  a  transverse  section  of  any  part  cf 
the  cord,  presents  two  crescent-shaped  masses,  placed  one  in  each  lateral 
half,  with  their  convexities  towards  one  another,  and  joined  across  the 
middle  by  a  transverse  portion,  the  greij  ov posterior  commissure  of  the 
cord.  Each  of  these  grey  crescents  has  an  anterior  and  a, posterior  cornu  or 
horn.  The  posterior,  generally  longer  and  narrower,  approaches  the 
posterior  lateral  fissure  :  the  anterior,  shorter  and  thicker,  extends 
towards  the  place  of  attachment  of  the  anterior  roots  of  the  nerves, 
thus  dividing  the  antero-lateral  column  into  the  anterior  and  lateral 
portions  of  "white  substance.  On  the  outer  surface  of  each  crescent,  be- 
tween the  two  cornua,  processes  from  the  grey  substance  form  a  network 
which  encloses  portions  of  the  white  column.  This  is  seen  especially  in 
the  cervical  region.  A  layer  of  white  substance  separates  the  grey 
commissure  from  the  bottom  of  the  anterior  median  fissure,  and  is 
named  the  anterior  or  ivhite  commissure. 

The  back  part  of  the  posterior  horn,  Avhich  is  somewhat  enlarged,  is 
called  the  caput  cornu  posterioris  (fig.  350,  a  a)  ;  the  narrower  poi'tion 
which  connects  it  with  the  rest  of  the  grey  substance  being  called 
the  cervix  cornu  (fig.  350,  l).  At  the  tip  of  the  caput  cornu  the  grey 
matter  has  a  peculiar  semitransparent  aspect,  whence  it  was  named 
by  Eolando  sudstantia  cinerea  gelatinosa. 

The  grey  crescents  vary  in  form  in  different  parts  of  the  cord  (see 
fig.  348).  In  the  dorsal  region  both  anterior  and  posterior  cornua  are 
narrow.  In  the  cervical  and  lumbar  regions  the  anterior  cornua  are  large 
and  broad,  constituting  cylindrical  or  prismatic  columns  of  grey  sub- 
stance. The  posterior  cornua  are  narrow  in  the  cervical,  but  very  broad 
in  the  lumbar  region.  The  grey  matter  is  seen  in  a  series  of  sections 
to  be,  relatively  to  the  white,  most  abundant  in  the  lumbar  region  of 
the  cord,  less  so  in  the  cervical  region,  and  least  so  in  the  dorsal. 
The  actual  amount  of  white  matter  is  greatest  in  the  neck,  of  grey 
matter  in  the  lumbar  region.  Towards  the  lower  end  of  the  cord  the 
double  crescentic  form  gradually  disappears,  and  the  grey  matter  is 
collected  into  a  central  mass,  which  is  indented  before  and  behind  and 
at  the  sides.  At  its  extreme  point,  according  to  Eemak  and  Yalentin, 
the  cord  consists  of  grey  matter  only. 

Fig.  349.       Fig.  349. — Section  of  Lower  Extremity  of  Spinal  Cord.     Magnified 

ABOUT  Six  Times. 

In  A,  tLe  peculiar  form  of  the  lower  extremity  of  the  central  canal  is 
seen,  and  in  B,  its  opening  on  the  posterior  surface. 

The  comniisstire  connecting  the  two  halves  of  the  cord 
measures  -g^th  or  -joth  of  an  inch  in  average  thickness,  and 
consists,  as  already  mentioned,  of  two  portions — anterior 
white,  and  posterior  grey  commissures.  The  anterior  is 
proportional  in  size  to  the  size  of  the  nerve  roots.  The  pos- 
terior is  largest  in  the  upper  part  of  the  conus  medullaris. 
In  it  is  contained  the  central  canal. 

Central  canal. — Extending  through  the  whole  length  of  the  spinal 
cord,  in  the  substance  of  the  grey  commissure,  there  is  a  minute 
central  canal  which,  in  prepared  transverse  sections  of  the  cord,  is 
barely  visible,  as  a  speck,  with  the  naked  eye.  Superiorly,  it  is  con- 
tinued into  and  opens  cut  at   the  calamus  scriptorius  of  the  fourth 
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ventricle  ;  and  inferiorlv,  at  the  extremity  of  tlie  conus  medullaris,  it 
becomes  enlarged,  shaped  like  the  letter  "j"?  and  extends  backwards 
to  the  surface  of  the  cord,  being  covered  in  only  by  pia  mater  and 
connective  tissue.  This  canal,  [though  minute,  is  an  object  of  con- 
siderable interest  as  a  typical  part  of  the  structure  of  the  cord,  it  being 
the  permanent  remains  of  the  cavity  of  the  cylinder  formed  by  the  spinal 
cord  at  the  earliest  period  of  its  development.  It  is  more  distinctly 
seen  in  fishes,  reptiles,  and  birds  than  in  mammals. 

MINUTE     STEUCTUEE. 

The  substance  of  the  spinal  cord  consists  of  a  large  proportion  of 
nervous  substance,  supported  in  a  delicate  framework  of  connective 
tissue,  and  containing  numerous  minute  blood-vessels.  The  white 
matter  presents  nerve-fibres,  but  is  almost  destitute  of  nerve-cells  :  the 
grey  matter  contains  both  elements. 

Connective  tissue  takes  part  in  the  structure  of  the  cord  to  a  very 
considerable  extent.  It  forms  a  complete  covering  surrounding  the 
white  substance  beneath  the  pia  mater,  and  from  this  covering  trabeculfe 
of  connective  tissue  extend  into  the  white  substance  (fig.  351,  e,  e).  A 
narrow  layer  of  gelatinous  connective  tissue  lies  upon  the  surface,  fills  up 
its  inequalities,  and  sends  prolongations  with  the  fibrous  septa.  These, 
with  the  exception  of  those  above  described  (p.  493),  are  irregular,  and 
extend  a  variable  depth  into  the  cord,  some  reaching  the  grey  substance. 
They  divide  and  ramify,  and  their  ultimate  subdivisions  are  continuous 
with  a  peculiar  delicate  matrix  in  which  the  nerve  fibres  are  embedded, 
and  which  is  termed  by  Virchow  the  neuroglia.  It  contains  many 
minute  granule-like  nuclei,  and  is  supposed  to  be  derived,  in  part 
at  any  rate,  from  peculiar  changes  in  counective  tissue  cells  (see 
p.  136).  In  the  posterior  median  column  the  connective  tissue  is 
remarkably  abundant.  In  the  grey  matter  there  is  also  much  connec- 
tive tissue,  especially  in  the  immediate  neighbourhood  of  the  central 
canal.  Whether  the  smallest  cells  of  the  grey  substance  are  really 
nervous  or  belong  to  the  connective  tissue  is  still  undecided,  but  it  is 
certain  that  many  of  the  nuclei  belong  to  the  connective  tissue. 

WMte  substance. — The  fibres  are  in  greatest  part  longitudinal ;  the 
principal  exceptions  being  those  contained  in  the  commissure,  and  in 
the  roots  of  the  nerves.  The  longitudinal  fibres  are  finer  in  the  poste- 
rior columns,  and  posterior  parts  of  the  lateral  columns,  than  in  other 
parts,  and  the  deepest  fibres  are  smaller  than  those  placed  more  super-, 
ficially.  (Kolliker.)  The  larger  fibres  are  about  xsVo  ^^i^h  in  dia- 
meter, the  smaller  are  about  J^  tli  of  that  size.  A  few  branching  nerve- 
cells  exist  in  the  neighbourhood  of  the  grey  matter. 

Grey  substance. — The  fihres  of  the  grey  substance  are  for  the 
most  part  not  more  than  one-half  the  diameter  of  their  continuations 
in  the  white  substance  and  in  the  nerve-roots,  but  among  them  there 
are  a  few  of  larger  size.  They  are  very  various  in  their  direction, 
and  are  arranged  in  a  complete  network,  except  those  which  are  con- 
nected with  the  roots  of  the  nerves,  which  pass  in  definite  directions, 
arranged  in  compact  groups.  The  fine  network  appears  to  be,  in  part, 
at  any  rate,  composed  of  the  fine  branching  processes  of  the  nerve  cells. 

The  nerve-cells  of  the  grey  matter  are  of  two  kinds.  Firstly,  there 
are  very  large  branched  cells,  from  -^^  to  -^  of  an  inch  in  size,  con- 
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taining  nuclei  and  pigment  ;  secondly,  there  are  smaller  cells,  ranging 
from  ^oVo  to  4-^0  of  an  inch,  the  majority  being  from  y^W  to  -g^^  of 
an  inch  in  size. 

The  smaller  cells  occm*  scattered  throughout  the  whole  of  the  grey 
matter,  and  are  aggregated  also  in  the  siiistantia  gelatinosa  at  the  ex- 
tremity of  the  caput  cornu  posterioris,  where  they  are  scattered  in  a 
finely  granular  basis,  and  among  them  pass  many  fine  nerve-fibres 
derived  from  the  posterior  roots. 

The  larger  cells  are  collected  into  groups.  In  the  anterior  horn  they 
are  placed  chiefly  in  its  anterior  and  in  its  outer  portions,  although 
scattered  cells  occur  throughout  the  cornu.     The  two  groups  (with 
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Fig.  350.  — Transverse 
Section  of  half  the 
Spinal  Marrow  in 
THE  Lumbar  En- 
lARGEJiENT.  (Allen 
Thomson.)     f 

This  is  a  semidia- 
grammatic  representa- 
tion taken  from  a  pre- 
pared specimen,  and 
founded  in  part  on  the 
statements  of  Lockhart 
Clarke  and  of  Kolliker. 

1,  anterior  median 
fissure  ;  2,  posterior 
median  fissure  ;  3,  cen- 
tral   canal    lined    with 


epithelium  ; 
commissure  : 
commissure 
column ;    7, 
lumn  :    8, 


4,  posterior 
;  5,  anterior 
;  6,  posterior 

lateral  co- 
anterior    co- 


lumn ;  (at  each  of  these 
l^laces  and  throughout 
the  wliite  substance  the 
trabecular  prolongations 
of  the  pia  mater  are 
shown  ; )  9,  fasciculus  of 
posterior  nerve  root  en- 
tering in  one  bundle  ; 
10,  fasciculi  of  anterior 
roots  entering  in  four 
spreading  bundles  of 
fibres  ;  a,  a,  caput  cornu 
posterioris  vt'ith  large  and  small  cells,  and  above  them  the  gelatinous  substance  ;  h,  in  the 
cervix  cornu,  decussating  fibres  from  the  nerve  roots  and  posterior  commissure  ;  c,  posterior 
vesicular  columns  (of  Clarke) ;  d,  fibres  running  transversely  from  the  posterior  commissure 
into  the  lateral  columns  ;  near  d,  the  lateral  group  of  cells,  intermedio-lateral  tract ;  e,  e, 
fibres  of  the  anterior  roots,  entering  the  anterior  cornu,  and  passing  through  among  the 
radiating  cells,  but  not  joining  their  processes  ;  e',  fibres  from  the  anterior  roots  which 
decussate  in  the  anterior  commissure  ;  e",  external  fibres  from  the  roots  running  round 
the  outside  of  the  anterior  grey  cornu  towards  the  lateral  columns  ;  /,  fibres  from  the 
posterior  commissure  and  from  the  posterior  cornu  running  towards  the  anterior.  Three 
groups  of  cells  are  seen  in  the  anterior  cornu  ;  of  these  the  anterior  are  external  and 
internal,  the  posterior  are  chiefly  external  or  lateral. 

which  the  anterior  nerve-roots  are  connected)  are  well  defined,  espe- 
cially in  the  cervical  and  lumbar  enlargements.  The  outer  group  is 
usually  cylindrical,  the  anterior  prismatic  in  form,  and  the  latter  is 
often  broken  up  into  two  or  three  smaller  groups. 
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In  tlie  posterior  cornu  the  large  cells  are  collected  chiefly  into  a 
compact  group,  the  posterior  vesicular  column  (of  Clarke)  (fig.  350,  c), 
Avhich  occupies  the  inner  half  of  the  cervix.  The  cells  lie  among  fine 
interlacing  fibres,  some  horizontal,  derived  chiefly  from  the  posterior 
roots  of  the  nerves,  and  many  longitudinal.  Some  cells  are  small  and 
others  large,  with  processes  running  in  different  directions,  but  especially 
upwards  and  downwards,  parallel  to  the  vertical  fibres.  This  group 
is  skirted  by  fibres  (also  chiefly  from  the  posterior  roots)  which  curve 
around  it,  and  among  which  lie  other  fusiform  nerve-cells.  This  group 
of  cells  is  largest  near  the  upper  part  of  the  lumbar  enlargement 
(fig.  3-i8,  L  1),  where  it  has  a  diameter  of  ^^jth  of  an  inch,  and  causes  a 
projection  on  the  inner  surface  of  the  cervix  cornu.  It  can  be  traced 
upwards  through  the  dorsal  region,  becoming  less  distinct,  and  ceasing 
before  the  middle  of  the  cervical  enlargement  is  reached.  Below  the 
middle  of  the  lumbar  enlargement  it  is  indistinct.  In  the  upper  part 
of  the  conns  medullaris  a  group  of  cells  behind  the  central  canal,  on 
each  side,  occupies  nearly  the  position  of  this  column,  but  has  different 
histological  connections.     (Clarke.) 

In  the  outer  portion  of  the  grey  matter,  midway  between  the  anterior 
and  posterior  cornua,  is  a  small  group  of  cells,  the  tractus  intermedio- 
lateralis  (of  Clarke)  (fig.  350,  d),  which  occupies  a  projection  on  the  sur- 
face of  the  grey  matter.  It  extends  from  the  upper  part  of  the  lumbar 
to  the  lower  part  of  the  cervical  enlargement,  being  larger   in  the 
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T'ig.  351. — A  Small  Portion  op  a  Transverse  Section  of  the  human  Spinal  Cord 

NEAR    THE    SURFACE  AT  THE    ENTRANCE  OF  A  BuNDLE    OF    THE  ANTERIOR  RoOTS.       (Alien 

Thomson. )     -°-° 

This  figure,  whicli  is  somewhat  diagrammatic,  is  intended  to  show  the  relation  to  the 
nervous  substance  of  the  pia-matral  sheath  of  the  cord  and  the  processes  of  connective 
tissue  prolonged  from  it  between  the  longitudinal  and  other  nerve  fibres,  a,  a,  a  bundle 
of  the  anterior  roots  ;  h,  h,  transverse  sections  of  part  of  the  anterior  columns  of  the 
cord  in  which  the  dark  points  are  the  axis-cylinders,  and  the  circles  represent  the  outline 
of  the  medullary  substance  :  in  these  parts  the  connective  tissue  is  not  represented,  and 
many  of  the  smallest  nerve-fibres  have  also,  for  the  sake  of  clearness,  been  omitted  ; 
c,  the  pia-matral  covering  of  the  cord ;  d,  one  of  the  compartments  of  the  anterior 
column  enclosed  by  septa  of  connective  tissue  prolonged  from  the  pia  mater,  and  exhibit- 
ing the  fine  frame-work  of  connective  tissue,  e,  e,  extending  through  among  the  nerve- 
fibres,  which  last  have  been  omitted. 

K  K  2 
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ujDper  part  than  in  the  middle  of  the  dorsal  region.  In  the  upper 
part  of  the  cervical  region  a  group  of  cells  reappears  in  the  same  situa- 
tion, and  is  traversed  by  the  roots  of  the  spinal  accessory  nerve.  The 
cells  of  the  intermedio-lateral  tract  are  of  large  and  medium  size,  and 
many  of  them  are  fusiform,  lying  transversely.  They  are  probably  con- 
nected with  fibres  which  run  transversely  from  the  commissure  across 
the  central  portion  of  the  grey  substance. 

Commissures. — The  anterior  commissiure  consists  of  medullated 
nerve  fibres  which  pass  on  each  side,  some  into  the  anterior  white 
column,  others  into  the  anterior  horn.  Their  course  is  not  strictly 
transverse,  many  fibres  which  enter  the  anterior  part  of  the  commissure 
at  one  side  leave  it  at  the  posterior  portion  on  the  other  side.  There  is 
thus  a  double  decussation  at  the  middle  line  (fig.  350).  Sometimes  part 
of  the  fibres  have  an  ascending  or  descending  direction,  or  are  displaced 
by  the  vessels  which  pass  into  the  cord  from  the  anterior  fissure. 

The  ijosterior  commissure  is  composed  of  fine  grey  nerve  fibres, 
running  transversely  and  most  abundant  behind  the  central  canal.  On 
each  side  of  the  canal  is  an  area  occupied  chiefly  by  gelatinous  substance, 
in  which  are  a  few  longitudinal  fibres  and  granules.  Close  to  the 
canal  many  small  round  or  angular  cells  are  scattered,  some  branching, 
others  containing  many  nuclei  (probably  connective  tissue  cells). 

The  central  canal  is  lined  with  a  layer  of  cylindrical  ciliated  epithe- 
lium. In  the  adult  its  lumen  is  not  unfrequently  occupied  by  cells  and 
granular  material,  and,  the  epithelium  layer  being  indistinct,  the  cells 
within  it  appear  continuous  with  those  in  its  vicinity. 

The  filuni  terminale  is  said  to  contain  in  its  upper  portion  a  con- 
tinuation of  the  central  canal,  surrounded  by  gelatinous  substance  and 
nerve  fibres.     In  its  lower  portion  it  consists  of  connective  tissue  only. 

Fig.  352.  Fig.    352.— A  Shall  Por- 

tion    OF     A    TKANSVEESE 

Section  of  the  Spinal 
Coed  at  the  place 
where  two  bundles  op 
THE  Fibres  of  the  An- 
terior EooTS  PASS  into 

the       grey       SUBSTANCE. 

(Allen  Thomson.)     ~- 

This  figure  may  be  looked 
upon  as  representing  the 
inner  ends  of  the  anterior 
roots  of  the  nerves,  of 
which  the  outer  part  is 
shown  in  fig.  346.  a,  a, 
the  two  bundles  of  fibres  of 
the  anterior  root  passing 
between  the  compartments 
of  longitudinal  fibres  of  the 
cord  ;  b,  b,  the  same  fibres 
running  backwards  through 
the  grey  substance  towards 
the  posterior  cornua ;  c,  c', 
those  spreading  in  the  anterior  cornua,  on  the  one  side  towards  the  anterior  commissure, 
and  on  the  other  round  the  outer  side  of  the  anterior  cornu  ;  d,  d,  portions  of  three  com- 
partments of  the  anterior  columns  in  which  the  longitudinal  fibres  of  the  cord  are  shown 
in  transverse  section  ;  e,  e,  large  radiated  and  nucleated  cells  in  the  grey  substance  of  the 
anterior  cornu — some  with  three,  others  with  a  greater  number  of  processes  emanating 
from  them  :  no  direct  communication  is  shown  between  these  processes  and  the  nerve 
fibres  of  the  roots. 
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Origin  of  the  spinal  nerves. — The  anterior  and  posterior  roots  of 
the  spinal  nerves  are  attached  along  the  sides  of  the  cord,  and  oppo- 
site to  the  corresponding  cornua  of  the  grey  matter ;  the  posterior 
roots  in  a  straight  line  at  the  posterior  lateral  groove,  and  the  anterior 
roots  scattered  somewhat  irregularly  upon  the  surface  (fig.  347,  b). 

The  fibres  of  the  anterior  roofs  may  be  traced  into  and  through 
the  anterior  cornua  (fig.  350,  e,  e).  In  it  they  diverge  in  different 
directions,  passing  among  the  large  multipolar  cells  with  which  some 
are  probably  connected.  Many  fibres  pass  backwards  in  the  substance 
of  the  anterior  cornu,  where  some  of  them  would  appear  to  form 
connections  with  fibres  proceeding  from  other  parts  of  the  cord,  and 
others  to  spread  obliquely  upwards  and  downwards  ;  an  external  group 
reach  the  lateral  column,  and  an  internal  group  cross  in  the  anterior 
white  commissure  to  the  anterior  cornu  of  the  opposite  side. 

The  fibres  of  the  posterior  roots,  on  reaching  the  posterior  cornu, 
diverge  from  each  other  and  enter  the  grey  substance,  some  immediately 
through  the  substantia  gelatinosa,  others  after  curving  through  the 
outer  portions  of  the  posterior  columns  and  round  the  inner  side  of  the 
caput  cornu  (fig.  350,  9).  Of  those  which  pass  through  the  gelatinous 
substance,  a  large  number  immediately  turn  upwards  and  downwards, 
and  blend  with  the  fine  plexus  of  nerve-fibres  which  constitutes  the 
central  portion  of  the  grey  matter,  reaching,  probably,  some  the  anterior 
cornu,  and  others  by  the  posterior  commissure  the  opposite  side  of  the 
cord.  Of  the  fibres  of  the  posterior  roots  which  enter  the  grey 
substance  in  front  of  the  substantia  gelatinosa,  some  pass  forwards  at 
once  through  the  grey  substance,  while  others  enter  and  blend  with 
the  posterior  vesicular  columns  of  nerve-cells.  Another  set  of  fibres 
slant  principally  upwards,  but  some  downwards,  in  the  white  substance 
of  the  posterior  columns,  and,  interlacing  with  each  other,  most  pro- 
bably enter  the  grey  matter  at  different  heights.  Some  are  lost  to  view 
in  the  posterior  white  columns,  and  it  is  uncertain  whether  or  not 
they  immediately  ascend  through  these  columns  to  the  brain. 

A  narrow  grey  line  extends  from  the  apex  of  the  posterior  horn  to  the 
posterior  lateral  furrow,  and  consists  of  connective  tissue  and  fine  nerve 
fibres.     It  Avas  formerly  thought  to  be  part  of  the  posterior  nerve  root. 

Much,  discussion  lias  taken  place  as  to  the  course  of  the  fibres  in  the  cord,  and 
their  ultimate  destination.  It  is  easily  understood  that,  by  the  examination  of 
sections  difficult  to  prepare,  limited  in  extent,  liable  to  undergo  changes  in  the- 
preparation,  and  giving  views  confined  each  to  little  more  than  a  thin  lamina, 
it  is  scarcely  to  be  expected  that  the  full  histoiy  of  many  tortuous  fibres  can  be 
accm-ately  ascertained.  Thus  it  remains  still  undecided  whether  any  of  th.e 
fibres  of  the  nerve-roots  pass  up  all  the  way  to  the  brain.  Volkmann  concluded 
that  none  of  them  reached  the  brain,  arguing  from  measurements  of  the  size  of 
the  cord  in  difi'erent  regions,  that  the  cord  couid  not  contain  in  its  upper  regions 
all  those  nerve-fibres  which  were  traceable  to  it  in  the  lower.  KoUiker  pointed 
out  the  fallacy  of  this  conclusion,  in  so  far  as  Volkmann  Ijad  not  made  proper 
allowance  for  the  diminished  size  of  the  fibres  as  they  ascend  in  the  cord  ;  but 
although  Volkmann's  argument  was  thereby  invalidated,  it  appears  impossible 
to  prove  by  microscopic  observations  that  fibres  of  nerve-roots  traced  into  th.e 
grey  matter,  and  observed  to  emerge  into  the  white  matter,  do  not  again  re-enter 
the  grey  and  terminate  there. 

There  seems  little  doubt  that  the  radiating  prolongations  of  the  cells  are  in 
actual  continuity  wdtli  the  axial  iilaments  of  nerve-fibres,  whether  proceeding 
from  nerve-roots  or  from  different  parts  of  the  cord  itself. 


502 


ENCEPHALON. 


B.— THE    EITCEPHAIiOK-. 

The  encephalon  admits  of  being  conveniently  divided  into  the 
medulla  oblongata,  the  cerebellum  with  the  pons  Varolii,  and  the 
cerebrum. 

The  medulla  oUongata  is  the  part  continuous  with  the  spinal  cord  : 
it  rests  on  the  basilar  process  of  the  occipital  bone,  and  on  its  superior 
or  dorsal  surface  presents  a  groove  continuous  with  the  central  canal  of 
the  spinal  cord. 

The  cerebellum  occupies  the  posterior  fossa  of  the  cranium.  By  the 
mesial  part  of  its  anterior  and  inferior  surface,  it  forms  the  roof  of  a 
space,  the  floor  of  which  is  the  grooved  posterior  surface  of  the  medulla 
oblongata,  and  which  is  named  the  fourth  ventricle  of  the  brain.  On 
each  side  of  this,  the  cerebellum  is  connected  with  the  medulla  ob- 
longata and  cerebrum,  and  also  receives  the  fibres  of  the  2^ons  Varolii, 
which  is  a  commissure,  uniting  the  two  hemispheres  of  the  cerebellum, 
and  passing  beneath  and  between  the  fibres  which  extend  upwards 
from  the  medulla  oblongata. 

The  cerebrum  includes  all  the  remaining  and  much  the  largest  part 
of  the  encephalon.  It  is  united  with  the  parts  below  by  a  compara- 
tively narrow  and  constricted  portion  or  isthmus,  part  of  which,  forming 


Fig.  353. 
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Fig.  353. — Plan  in  outline  op  the  Encephalon,  as  seen  frosi  the  right  side,     g 

The  parts  are  represented  as  separated  from  one  another  somewhat  more  than  natural 
so  as  CO  show  their  connections.  A,  cerebrum  ;  e,  fissure  of  Sylvius  ;  B,  cerebellum  ; 
C,  pons  Varolii ;  D,  medulla  oblongata  ;  a,  peduncles  of  the  cerebrum  ;  6,  c,  d,  superior, 
middle,  and  inferior  peduncles  of  the  cerebuUum  ;  the  parts  marked  a,  h,  c,  C,  form  the 
isthmus  encephali. 
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the  crura  cerebri,  descends  into  the  pons  Varolii,  and  through  it  is 
continued  into  the  medulla  oblongata,  whilst  another  part  joins  the 
cerebellum.  Situated  on  the  fibres  which  extend  up  from  the  con- 
stricted part,  are  a  series  of  eminences,  named,  from  behind  forwards, 
the  corpora  qiiadrigemina,  optic  thalami,  and  corpora  striata ;  and 
springing  from  the  front  and  outer  side  of  the  corpora  striata  are  the 
large  convoluted  cerebral  hemispheres,  which  expand  from  this  place  in 
all  directions,  concealing  the  eminences  named,  and  occupying  the  vault 
of  the  cranium,  the  anterior  and  middle  cranial  fossse,  and  the  superior 
fossfe  of  the  occipital  bone.  The  cerebral  hemispheres  are  united  to- 
gether by  a  principal  and  smaller  commissures  ;  by  means  of  which 
therels  enclosed  a  cavity,  which  is  subdivided  into  various  ventricles, 
viz.,  the  two  lateral,  the  third,  and  the  fifth. 

THE     MEDULLA     OBLONGATA. 

The  medulla  oblongata  is  bounded  above  by  the  lower  border  of  the 
pons  Varolii,  whilst  it  is  continuous  below  with  the  spinal  cord,  on  a 
level  with  the  upper  border  of  the  atlas,  at  a  point  which  corresponds 
with  the  lower  extremity  of  the  anterior  pyramids,  to  be  presently 
described.  It  inclines  olaliquely  downwards  and  backwards ;  its  ante- 
rior surface  rests  in  the  basilar  groove,  whilst  its  posterior  surface  is 
received  into  the  fossa  named  the  vallecula,  between  the  hemispheres  of 
the  cerebellum,  and  there  forms  the  floor  of  the  fourth  yentricle.  To 
its  sides  several  large  nerves  are  attached. 


Fig.  354. 


Fig.  354. — View  of  the  Anterior  Stjrfacb 
OF  THE  Pons  Varolii  and  Medulla  Ob- 
longata. 

a,  a,  anterior  pyramids  ;  6,  their  decussation'; 
c,  c,  olivary  bodies  ;  d,  d,  restiform  bodies  ;  e, 
arciform  fibres  ;  /,  fibres  described  by  Solly  as 
passing  from  the  anterior  column  of  the  cord  to 
the  cerebellum  ;  g,  anterior  column  of  the 
spinal  cord  ;  It,  lateral  column  ;  ^;,  pons  Varolii  ; 
i,  its  upper  fibres  ;  5,  5,  roots  of  the  fifth  pair 
of  nerves. 

The  term  medulla  oblongata,  as  employed 
by  Willis  and  Vieussens,  and  by  those  who 
directly  followed  them,  included  the  crura 
cerebri  and  pons  Varolii,  as  well  as  that 
part  to  which  by  Haller  first,  and  by  most 
subsequent  writers,  this  term  has  been  re- 
stricted. 


It  is  of  a  pyramidal  form,  having  its 
broad  extremity  upwards :  it  is  expanded 
laterally  at  its  upper  part :  its  length 
from  the  pons  to  the  lower  extremity  of  the  pyramids  is  about  an  inch 
and  a  quarter ;  its  greatest  breadth  is  nearly  an  inch  ;  and  its  thickness, 
from  before  backwards,  is  about  three-quarters  of  an  inch. 

Fissures. — The  anterior  and  posterior  median  fissures  which  partially 
'divide  the  spinal  cord  are  continued  up  into  the  medulla  oblongata. 
The  anterior  fissure  terminates  immediately  below  the  pons  in  a  recess, 
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the  foramen  cmcum  of  Vicq  d'Azyr  ;  the  posterior  fissure  is  continued 
upwards  into  the  floor  of  the  fourth  ventricle,  where  it  opens  and  ex- 
pands in  a  superficial  furrow,  and  is  gradually  lost. 

In  other  respects  an  entirely  different  arrano-ement  of  the  parts 
prevails  from  that  in  the  cord.  The  surface  of  each  half  of  the  medulla 
presents  four  eminences  or  columns,  which  are  met  with  in  the  following- 
order,  from  before  backwards,  viz. :  the  anterior  pyramids,  the  olivary 
bodies,  the  restiform  bodies,  and  the  posterior  pyramids. 

The  anterior  pyramids  (fig.  354,  a,  a)  are  two  bundles  of  white 
substance,  placed  one  on  either  side  of  the  anterior  fissure,  and  marked 
off  from  the  olivary  body  externally  by  a  slight  depression.  They 
become  broader  and  more  prominent  as  they  ascend  towards  the  pons 
Yarolii.  At  their  upper  end  they  are  constricted,  and  thus  enter 
the  substance  of  the  pons,  through  which  their  fibres  may  be  traced 
into  the  peduncles  of  the  brain. 

In  the  lower  part,  a  portion  of  each  pyramid,  arranged  in  several 
bundles,  w^hich  interlace  with  the  corresponding,  bundles  of  the  other 
pyramid,  passes  downwards  across  the  fissure  to  the  opposite  side. 
This  decussation  of  the  injTamids  (fig.  354,  Z/ ;  fig.  357,  B)  is  not  com- 
plete, but  involves  the  greater  part  of  the  innermost  fibres.  When 
traced  from  below,  it  is  found  that  the  whole  or  a  great  part  of  the 
decussating  fibres  come  forward  from  the  deep  portion  of  the  lateral 
columns  of  the  cord,  and  advance  to  the  surface  between  the  diverging 
anterior  columns,  which  are  thus  thrown  aside.  Other  decussating  fibres 
come  from  the  posterior  grey  substance,  and  as  these,  together  with  the 
fibres  from  the  lateral  column,  cross  the  anterior  horn,  they  receive 
from  the  latter  additional  fibres.  The  decussation  is  more  super- 
ficial, and  therefore  of  greater  apparent  extent,  in  some  brains  than  m 
others. 

The  outer  smaller  portion  of  each  pyramid  does  not  decussate ;  it 
consists  of  fibres,  derived  from  the  anterior  column  of  the  cord :  these 
ascend,  and  are  joined  by  the  decussating  portion  from  the  opposite 
side.  Together  they  form  a  prismatic  bundle  or  column  of  white  fibres, 
which  extends  deeply  into  the  substance  of  the  medulla,  and  is  triangular 
in  a  cross  section. 

The  anterior  pyramid  contains  no  grey  matter,  but  a  grey  layer 
which  lies  behind  it,  betweeen  it  and  the  olivary  body,  has  been  de- 
scribed as  its  nucleus.  This  consists  of  medium-sized  stellate  nerve- 
cells,  lying  between  transverse  and  longitudinal  fibres,  and  embedded 
in  a  gelatinous  substance. 

The  olivary  bodies  (fig.  354,  c)  are  two  masses  placed  to  the  outer 
side  of  the  pyramids,  and  sunk  to  a  considerable  depth  in  the  substance 
of  the  medulla  oblongata,  appearing  on  its  surface  as  two  r-::iooth  oval 
eminences.  They  do  not  reach  the  pons  Varolii  above,  being  separated 
from  it  by  a  deep  depression ;  nor  do  they  extend  so  far  down  as  the 
pyramids. 

They  consist  externally  of  white  substance,  of  which  the  fibres  chiefly 
run  longitudinally;  and  internally  of  a  grey  nucleus,  named  corpus 
ilentatum  or  ciliare,  or  olivary  nucleus. 

The  olivary  nucleus  (fig.  357,  D,  o)  appears,  on  making  a  section, 
whether  horizontal  or  vertical,  through  the  middle,  to  present  the  form 
of  a  zig-zag  line  of  a  light  yellowish  colour,  circumscribing  a  whitish 
substance  within,  and  interrupted  towards  the  centre  of  the  medulla. 
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It  is  arranged  in  the  form  of  a  capsule,  which  is  open  at  its  upper  and 
inner  part,  and  has  its  sides  corrugated  or  plicated,  so  as  to  give 
the  indented  appearance  to  a  section.  This  capsule  is,  moreover,  sur- 
rounded with  white  matter  externally,  and  through  its  open  part  white 
fibres  pass  into  or  issue  from  its  interior,  and  connect  it  with  other 
parts  of  the  brain.  It  contains  small,  round  and  stellate  cells,  lying  in 
a  gelatinous  substance  and  among  the  fibres  which  pass  through  it. 
A  separate  grey  lamina  above  it,  of  similar  structure,  has  been  termed 
the  accessory  olivary  nucleus. 

The  external  fibres  of  the  anterior  columns  of  the  cord,  which  at 
the  decussation  of  the  pyramids  are  thrown  outwards,  are  continued 
upwards,  on  the  surface  of  the  medulla  oblongata,  and  then  pass,  partly 
on  the  outside  of,  and  partly  beneath  the  olivary  bodies — being  joined 
in  their  further  progress  by  the  fibres  issuing  from  the  olivary  nucleus. 
To  these  fibres  the  terra  olivary  fasciculus  (fig.  356,  d)  has  been 
applied. 

The  restiform  bodies  (figs.  354  and  355,  d),  jjlaced  behind  and  to  the 
outer  side  of  the  olivary  bodies,  are  two  lateral  rounded  eminences  or 
columns  directly  continuous  with  the  posterior,  and  with  part  of  the 
antero-lateral  columns  of  the  cord  ;  they  diverge  slightly  as  they  ascend, 
and  thus  occasion  the  greater  width  of  the  medulla  at  its  upper  part. 
Each  of  them  passes  into  the  corresponding  hemisphere  of  the  cerebellum, 
and  constitutes  its  inferior  peduncle.  At  first  they  are  in  contact  with 
the  small  tracts  of  the  medulla,  named  the  posterior  pyramids  ;  but 
higher  up  they  become  free  and  prominent,  and  assist  in  forming  the 
lateral  boundaries  of  the  fourth  ventricle.  There  is  a  considerable 
quantity  of  grey  matter  in  their  interior. 

By  far  the  larger  portion  of  the  white  substance  of  the  restiform 
body  consists  of  longitudinal  fibres,  which  include  all  those  belonging 


Fig.  355. — View  of  the  Posterior  Surface  of  Fig.  355. 

THE  Pons  Varolii,    Corpora  Quadrigemiwa, 
AND  Medulla  Oblongata. 

a,  a,  tlie  upper  pair  of  corpora  quadrigemina  ; 
3,  h,  tlie  inferior  ;  /,  /,  superior  peduncles  of  the 
cerebellum ;  c,  eminence  connected  with  the  nucleus 
of  the  hypoglossal  nerve  ;  outside  e  is  the  external 
auditory  nucleus  ;  beneath  e  and  i,  that  of  the  vagus 
nerve  ;  d,  d,  restiform  bodies  ;  p,  2^,  posterior 
pyramids  ;  v,  v,  groove  in  the  middle  of  the  fourth 
ventricle,  ending  below  in  the  calamus  scripto- 
rius  ;  7,  7,  roots  of  the  auditory  nerves.  (See  also 
Fig.  358.) 

to  the  posterior  column  of  the  cord  except 
the  posterior  median  column,  some  de- 
rived from  the  lateral  column,  and  also 
a  small  band  from  the  anterior  column. 
This  last-named  band  runs  obliquely 
below  the  olivary  body,  and,  as  was  shown 
by  Solly,  connects  the  anterior  column 
with  the  cerebellum. 

The  posterior  pyramids  (fasciculi  graciles)  (fig.  355,  jj  p)  of  the 
medulla  oblongata,  the  smallest  of  the  four  pairs  of  columns  into  which 
it  is  diflrided,  are  situated  one  on  each  side  of  the  posterior  median 
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fissure.  They  consist  of  white  fibres,  continuous  with  those  of  the 
posterior  median  columns  of  the  cord,  and  contain  much  grey  matter. 
They  increase  in  size  as  they  ascend  until  they  reach  the  point  where 
the  medulla  opens  out  to  form  the  floor  of  the  fourth  ventricle  ;  and 
there,  diverging  from  one  another,  they  appear  to  taper  and  become 
closely  applied  to  the  restiform  bodies.  Their  fibres  quit  these  bodies, 
however,  and  pass  up  to  the  cerebrum. 

The  floor  of  tlie  fourtli  ventricle  (figs.  355  and  358),  or  space 
between  the  medulla  and  cerebellum,  is  formed  by  that  portion  of  the 
back  of  the  medulla  oblongata  which  is  situated  above  the  divergence  of 
the  posterior  pyramids.  Upon  it,  the  central  grey  matter  of  the  medulla 
oblongata,  is,  as  it  were,  opened  out  to  view.  It  is  marked  by  a  median 
furrow,  ending  inferiorly  in  the  calamus  scripforms  (fig.  355,  v),  and  at 
its  lower  end  is  a  tubular  recess,  passing  down  the  centre  of  the  medulla 
for  a  few  lines.  This,  which  has  been  sometimes  named  the  ventricle  of 
Aranfius,  is  the  upper  expanded  portion  of  the  central  canal  of  the 
spinal  cord. 

In  the  upper  part  of  the  floor  of  the  fourth  ventricle  are  two  longi- 
tudinal eminences,  one  on  each  side  of  the  middle  furrow,  greyish 
below,  but  appearing  white  higher  up.  These  are  formed  by  two 
bundles  of  white  fibres,  mixed  with  much  grey  matter,  the  fasciculi 
terete s  (fig.  358,  1). 

Surmounting  the  free  inner  margin  of  the  restiform  body  and  posterior 
pyramid  is  a  thin  lamina,  the  ligula,  occupying  the  angle  between  the 
cerebellum  and  the  restiform  body,  and  stretching  towards  its  fellow  of 
the  opposite  side.  It  derives  a  certain  interest  from  indicating  how  the 
cylinder,  which  is  closed  in  the  spinal  cord,  might  be  completed  in  this 
region  of  the  medulla  oblongata  by  the  union  of  the  opposite  margins. 
Transverse  fibres. — Crossing  the  grey  matter  in  the  floor  of  the 
fourth  ventricle  several  transverse  white  lines,  or  strice  meduUares,  are 
usually  observed,  passing  outwards  from  the  median  fissure,  and  round 
the  sides  of  the  restiform  bodies  (figs.  355  and  358,  2).  Some  of  these 
white  stride  form  part  of  the  roots  of  the  auditory  nerves,  a  few  run 
slantingly  upwards  and  outwards  on  the  floor  of  the  ventricle,  whilst 
others  again  embrace  the  corresponding  half  of  the  medulla  oblongata. 
These  transverse  lines  are  sometimes  wanting,  in  which  case  the  white 
fibres  on  which  they  depend  probably  exist  at  some  depth  below  the 
surface. 

A  set  of  superficial  white  fibres  on  the  fore  part  and  sides  of  the 
medulla  oblongata,  crossing  over  it  below  the  olivary  bodies,  was 
described  by  Santorini  and  Rolando  as  Ulrce.  vel  processus  arciformes. 
They  belong  to  a  system  of  white  fibres  which  pass  transversely  or 
horizontally  outwards,  and  are  probably  continuous  with  the  septal 
fibres  about  to  be  noticed.  Sometimes  the  greater  part  of  the  pyramidal 
and  olivary  bodies  is  covered  by  a  thin  stratum  of  these  transverse 
fibres,  which  appear  to  issue  from  the  anterior  median  fissure  ;  but, 
most  commonly,  these  superficial  fibres  are  found  only  at  the  lower  ex- 
tremity of  the  olive,  as  the  arciform  fibres  already  mentioned. 

Besides  the  superficial  transverse  fibres  now  referred  to,  the  medulla 
oblongata  presents  other  horizontal  fibres  in  its  interior,  some  of  them 
disposed  in  a  mesial  raphe  or  septum  (fig.  357,  E),  and  numerous 
others  proceeding  from  that  septum  transversely  outwards.  Of  these 
last,  the  majority,  entering  the  olivary  bodies,  form  the  whole  of  their 
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white  substance  ;  and  then  passing  radiatelj  through  the  grey  capsule, 
turn  backwards  to  the  restifonn  body  and  lateral  column,  those  of  them, 
which  pierce  the  anterior  wall  of  the  capsule  arching  round  it  to  reach 
their  destination.  Other  fibres  pass  behind  the  olivary  into  the  resti- 
form  bodies,  and  seem  to  terminate  in  the  grey  substance  of  the  floor  of 
the  fourth  ventricle. 

Origin  of  Nerves, — From  the  surface  of  the  medulla  certain  of  the 
cranial  nerves  arise,  namely,  the  sixth  from  the  anterior  pyramids  close 
to  the  pons,  the  facial  and  auditory  from  the  restiform  body  close  to  the 
pons,  the  glosso-pharyngeal,  pneumo-gastric,  and  spinal  accessory  from 
the  lateral  portion  of  the  medulla,  the  hypoglossal  from  the  groove  between 
the  anterior  pyramid  and  oHvary  body.  Their  fibres  may  be  traced  to 
grey  matter  in  or  near  the  floor  of  the  fourth  ventricle  (see  p,  510  and 
568). 


Fig.    356. — Diagrammatic    Representa-  Fig.  356. 

TION    OF    THE    PASSAGE    OF    THE    COLUMNS 

OF  THE  Medulla  Oblongata  up'wakds 

AND   DOWNWARDS. 

A,  the  specimen,  -u-hich  is  seen  from 
before,  includes  the  medulla  oblongata  and 
the  pons  Varolii,  "sidtli  a  small  portion  of 
the  spinal  marrow.  The  left  lateral  column 
(that  to  the  reader's  right)  has  been  lifted 
out  of  its  place  to  the  side,  and  the  ante- 
rior and  posterior  columns  of  that  side 
remain  undisturbed  :  the  right  anterior  and 
posterior  columns  have  been  removed,  and 
the  lateral  column  remains  in  its  place. 
The  upper  part  of  the  right  pyramid  is 
removed.  The  transverse  fibres  of  the  pons 
Varolii  have  been  divided  in  circumscribed 
portions  to  different  depths  corresponding 
with  the  several  places  of  passage  of  the 
columns  of  the  medulla. 

P,  pons  Varolii,  part  of  the  anterior  sur- 
face, where  it  has  been  left  entire  ;  p,  the 
right  and  left  pyramids,  the  upper  part  of 
the  right  has  been  cut  away  ;  p',  the  fibres 

of  the  left  pyramid,  as  thej'  ascend  through  <■'  pc 

the  pons,  exposed  by  the  removal  of  the 
superficial  transverse  fibres  ;  p",  placed  on 

the  deeper  transverse  fibres  of  the  pons  on  the  right  side,  below  the  divided  fibres  of  the 
pjTamid  (these  transverse  fibres  a  little  lower  down  constitute  the  piart  known  as  the  "tra- 
pezium ")  ;  a,  left  anterior  column  of  the  cord,  passing ujDwards  into  the  undecussated  part 
of  the  anterior  pyramid,  and  into  a!,  the  olivary  column  ;  o,  olivaiy  body  ;  o',  the  continua- 
tion of  the  olivary  column  ascending  deeply  through  the  pons  and  exposed  by  the  removal 
of  a  small  portion  of  the  deeper  transverse  fibres  ;  o",  the  same  fibres  divided  by  a  deeper 
incision  on  the  right  side  ;  I,  the  right  la.teral  column,  passing  upwards  into  the  following 
parts,  viz. ,  x  ,  the  deeper  part  passing  by  decussation  into  the  left  pyramid  ;  r,  the  part 
passing  into  the  restiform  body  ;  ft,  the  part  ascending  in  the  back  of  the  fourth  ventricle 
as  the  fasciculus  teres  ;  to  the  outer  side  of  this  are  seen  the  ascending  fibres  of  the  i^osterior 
pyramid  ;  V,  the  left  lateral  column  dra"UTi  aside  from  its  place  in  the  spinal  cord  ;  the 
fasciculus  teres,  ft,  and  the  part  to  the  restiform  body,  r,  cut  short  ;  x  ,  the  deeper  part 
passing  by  decussation  into  the  right  pyramid  ;  ?•',  the  part  of  the  restiform  body  derived 
from  the  anterior  column  of  the  spinal  cord  ;  pe,  the  posterior  column  of  the  left  side 
exposed  by  the  removal  of  the  lateral  column,  and  shown  ascending  to  the  restiform  body 
as  the  fasciculus  cuneatus,  fc  :  on  the  right  side  the  posterior  column  being  removed,  fc, 
points  to  this  fasciculus  cuneatus  cut  short  below. 

B,  explanatory  outline  of  the  section  of  the  spinal  cord,     a,  anterior  columns  ;  p, 
posterior ;  li  lateral. 
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Fig.  357. — Magnified  Diagrammatic  Views  op  Transverse  Sections  of  the  Medulla 
Oblongata  (B  &  D  from  Lockhart  Clarke,  A,  C,  E  after  Lockliart  Clarke  and 
Eeickert.     F,  from  Stilling). 

In  all,  the  grey  substance  is  indicated  by  darker  shading. 

The  sections  represented  are,  A  at  the  lower  part  of  the  decussation  of  the  pyramids; 
B,  through  the  middle  of  the  decussation  ;  C,  through  the  lowest  part  of  the  olivary 
TDodies  ;  D,  just  below,  and  E,  just  above,  the  point  of  the  calamus  scriptorius  ;  F,  a 
little  higher,  through  the  lower  part  of  the  fourth  ventricle. 
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c,  central  canal  and  grey  substance  surrounding  it ;  /,  anterior  median  fissure  ;  fp, 
posterior  median  fissure;  7",  and  rn,  restiform  body  and  nucleus;  p  p,  and  ppn, 
posterior  pyramid  and  its  nucleus  ;  t  r,  tubercle  of  Rolando  ;  I,  lateral  column  ;  the 
anterior  column  of  the  cord  is  indicated  by^  in  A,  its  remains  by  a  c  in  B  ;  p  in  the 
other  figures  indicates  the  anterior  pyramid  ;  in  B,  its  decussation  ;  «  in  B  points  to  the- 
remains  of  the  anterior  cornu ;  in  E  to  the  superficial  arciform  fibres  :  I,  lateral  column ; 
o,  olivary  body;  o',  the  commissural  fibres  proceeding  from  its  interior  ;  E,  raphe;  C,  1,  a, 
and  C  1:  p,  anterior  and  posterior  roots  of  first  cervical  nerves  ;  viii'  (E  and  F),  inner  audi- 
tory niicleus  ;  x,  pneumogastric  nerve ;  x'  ( x  in  F),  its  nucleus  ;  xi,  spinal  accessoi-y  nerve  ; 
xi',  its  nucleus  ;  xii,  hypoglossal  nerve  ;  xil',  its  nticleus  (which  should  extend  nearer 
to  the  middle  line  than  is  represented  in  E). 


Course  of  fibres  from  the  spinal  cord  upwards  through  the 
medulla  oblongata. — Assuming,  for  convenience  of  description,  the 
existence  of  three  white  cokimns  of  the  cord,  these  are  disposed  as  follows. 

1.  The  jJosferior  column,  with  the  exception  of  the  posterior  median 
column  (from  which  it  is  here  distinguished  as  the  processus  cuneatus), 
enters  into  the  formation  of  the  restiform  body,  which  ascends  to  the 
cerebellum.  The  posterior  median  colmnn  (posterior  pyramid  or  fasci- 
culus gracilis)  ascends  to  the  cerebrum. 

2.  The  lateral  column  ascends  towards  the  base  of  the  oliyary  body, 
and  is  disposed  of  in  three  ways  ;  (1,)  some  of  its  fibres  from  the  sur- 
face and  deep  part  join  the  restiform  body  and  proceed  with  it  to  the 
cerebellmn;  (2,)  a  large  number  pass  obliquely  inwards,  then  come 
forwards  between  the  anterior  columns,  and,  crossing  the  median  plane, 
appear  as  the  fibres  of  decussation,  and  form  the  chief  part  of  the 
opposite  anterior  pyramid;  (3,)  the  remaining  fibres  pass  up  to  the 
cerebrum,  as  the  fasciculus  teres,  appearing  on  the  back  of  the  pons 
Yarolii,  in  the  upper  part  of  the  floor  of  the  fourth  ventricle. 

3.  The  anterior  columns  (fig.  356,  a,  a')  having  reached  the  apex  of 
the  anterior  pyramids,  are  thrust  aside  from  their  median  position  by 
the  decussating  fibres  derived  from  the  lateral  columns,  and  are  then 
distributed  in  three  divisions.  (1,)  A  very  small  division,  ascends  ob- 
liquely backwards  beneath  the  olivary  body,  and  joins  the  restiform  body 
(Solly)  (fig.  356,  r').  (2,)  Another  division  passes  directly  upwards,  and 
its  fibres  embrace  the  olivary  nucleus,  above  which  they  are  again 
collected  together,  and  are  joined  by  other  fibres  arising  from  the 
nucleus,  so  as  to  form  the  olivary  fasciculus  (fig.  356,  o');  this  ascends 
through  the  pons  and  at  the  side  of  the  cerebral  peduncle  under  the 
name  of  i\\Q  fillet  (fig.  363,  /),  and  reaches  the  corpora  quadrigemina 
and  the  cerebral  hemispheres.  (3,)  The  remaining  division  of  the- 
anterior  column  ascends  into  the  anterior  pyramid,  forming  its  outer 
part.  The  anterior  pyramids  therefore  are  composed  of  fibres  from  the 
lateral  column  and  grey  substance  of  the  opposite  side,  and  fi'om  the 
anterior  column  of  the  same  side,  and  are  continued  up  through  the 
pons  into  the  peduncles  of  the  cerebrum. 

It  is  to  be  remembered,  however,  that  the  separation  between  these 
different  tracts  of  white  fibres  cannot  be  clearly  followed  out  through 
the  whole  structure  of  the  medulla  oblongata,  but  that  they  are  more 
or  less  blended  with  one  another. 

Grey  matter  of  medulla  oblongata  followed  upwards  from  the 
cord. — At  the  level  of  the  first  cervical  nerve  (fig.  357,  A,  348,  C,  1),  the 
central  grey  substance  is  increased  in  size,  the  posterior  horn  on  each  side 
is  thrown  outwards,  its  neck  is  slender  and  its  extremity  (caput  cornu)  is 
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enlarged.  Between  the  central  canal  (c)  and  the  bottom  of  the  anterior 
median  fissure  are  the  decussating  fibres.  A  little  higher  (fig.  357,  B)  the 
caput  cornu  has  increased  in  size  and  is  connected  with  the  neck  only  by 
a  network.  The  central  grey  substance  is  encroached  upon  by  the  fibres 
from  the  lateral  columns  which  course  forwards  and  inwards  to  the 
decussation  (jj)  and  separate  the  anterior  cornua  fi-om  the  rest  of  the 
grey  substance.  The  substance  of  the  posterior  pyramid  becomes  filled 
with  cells  and  fibres  which  are  connected  with  the  posterior  cornu  near 
its  origin.  This  constitutes  the  post-pyramidal  nucleus  or  gang- 
lion (jjpn).  A  little  further  out,  on  each  side,  a  projection  backwards 
ft-om  the  cervex  cornu  into  the  restiform  body  constitutes  the  rudiment 
•of  the  restiform  nucleus  (r  n).  Still  higher  up  the  medulla  (fig.  357,  C) 
these  masses  of  grey  matter  have  increased  in  size,  so  that  on  a  level  with 
the  lower  part  of  the  olivary  bodies,  that  which  was  the  caput  cornu 
posterioris  approaches  the  surface,  behind  the  restiform  body,  and 
becomes  known  as  the  grey  tubercle  of  Rolando  {fr  C,  D  and  E).  Still 
higher  up,  the  post-pyramidal  and  restiform  ganglia  coalesce,  and  both 
they  and  the  grey  tubercle  become  connected  with  the  nuclei  of  origin 
of  certain  nerves. 

The  olivary  nuclei  which  appear  on  the  outer  side  of  the  anterior 
pyramids  are  unconnected  with  the  system  of  grey  matter  prolonged 
from  the  spinal  cord. 

The  anterior  pyramids  are  free  fi'om  grey  matter  in  their  interior,  and 
are  separated  from  the  rest  of  the  medulla  by  strong  septa  of  connective 
tissue,  and  from  one  another  by  a  raphe,  which  extends  back  to  the 
grey  matter  surrounding  the  central  canal,  and  which  contains  mesial 
horizontal  fibres,  named  septal. 

Nerve  miclei. — A  continuous  series  of  collections  of  grey  matter, 
which  extends  from  beneath  the  corpora  quadrigemina,  downwards  along 
the  floor  of  the  fourth  ventricle  and  the  centre  of  the  medulla  oblongata 
as  far  as  the  decussation  of  the  pyramids,  constitutes  the  nuclei  of  origin 
of  the  cranial  nerves  from  the  third  to  the  hypoglossal.  Those  nuclei  con- 
tained in  the  medulla  oblongata  proper  give  origin  to  the  hypoglossal, 
the  spinal  accessory,  the  vagus,  and  the  glosso-pharyngeal  nerves.  Just 
above  the  decussation  the  narrowed  central  grey  matter  which  sur- 
rounds the  canal  contains  numerous  very  large  multipolar  cells,  arranged 
in  definite  groups  in  fi'ont  and  behind  the  canal,  and  symmetrical  on 
the  two  sides.  Those  in  front  of  the  canal  (fig.  257,  D  xii')  give 
origin  to  the  fibres  of  the  hypoglossal  nerve,  which  may  be  seen  extend- 
ing fi'om  them  through  the  olivary  body  to  emerge  at  its  inner  side. 
From  the  cells  behind  the  canal  (xi'),  the  upper  roots  of  the  spinal 
{iccessory  nerve  arise  and  pass  out  through  the  lateral  column  (xi).  At 
the  point  of  the  calamus  scriptorius  this  nucleus  becomes  divided  into 
two  parts  as  the  central  canal  of  the  cord  opens  into  tlie  fourth  ven- 
tricle, and  it  increases  in  size  at  the  expense  of  the  adjacent  part  of  the 
posterior  pyramid.  Its  cells  then  give  origin  to  the  fibres  of  the 
pnemnogastric  or  vagus  nerve  and  constitute  the  vagal  nucleus.  Higher 
up  (E  and  F)  the  hypoglossal  nucleus  conies  to  the  surface,  and  dividing, 
pushes  apart  the  two  halves  of  the  vagal  nucleus,  which  have  increased 
in  size,  partly  at  the  expense  of  the  adjacent  post-pyramidal  nucleus. 
Their  cells  frequently  contain  brown  pigment  and  lie  in  a  dense  net- 
work of  fine  nerve-fibres.  Still  higher  the  hypoglossal  nuclei  become 
smaller,  the  vagal  nuclei  also  lessen  in  size,  and  a  group  of  cells  appears 
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to  the  outside  and  in  front  of  the  vagal  nucleus,  ■which  gives  origin  to 
the  fibres  of  the  glosso-pharyngeal  nerve.  The  post-pyramidal  and 
restiform  ganglia  have  by  this  time  become  blended,  and  constitute 
the  lower  part  of  the  inner  nucleus  of  the  auditory  nerve  (fig.  357, 
F  viii'). 

At  the  point  of  the  calamus  scriptorius  the  prominence  on  each  side 
of  the  median  furrow  indicates  the  position  of  the  lower  part  of  the 
vagal  nucleus.  A  little  higher  up  these  vagal  eminences  diverge,  and 
between  them  the  hypoglossal  nuclei  come  to  the  surface.  A  depression 
on  each  side  of  the  vagal  eminence  separates  it  from  that  of  the  inner  au- 
ditory nucleus.  Beneath  this  groove,  just  below  the  strige  meduUares,  lies 
the  nucleus  of  the  glosso-pharyngeal  nerve.  The  hypoglossal  nuclei  cease 
near  the  strige  medullares,  but  the  eminence  beneath  which  they  lie 
blends  with  that  of  the  vagal  nucleus  and  is  continued  upwards  as  the 
"  eminentia  teres."  Beneath  it,  above  the  striae  medullares,  lies  the 
common  nucleus  of  the  sixth  and  facial  nerves.     (See  p.  513.) 

THE    PONS    VAROLII. 

The  pons  Varolii  or  tuber  annulare  (mesocephalon  of  Chaussier), 
forms  an  eminence  of  transverse  fibres  above  and  in  front  of  the  medulla 
oblongata,  below  and  behind  the  crura  cerebri,  and  between  the  lateral 
hemispheres  of  the  cerebellum.  (Fig.  361.)  Its  margins  are  arched  ; 
the  superior  much  more  so  than  the  inferior,  and  at  the  sides  its  trans- 
verse fibres  are  much  more  gathered  together,  forming,  at  the  place 
where  it  passes  into  the  cerebellum,  a  narrower  bundle,  which  is  named 
the  middle  cms  of  the  cerehellum.  In  the  middle  line  the  pons  presents  a 
shallow  groove  in  which  the  basilar  artery  lies,  and  it  is  perforated  by 
small  branches  of  the  artery. 

The  superficial  fibres  are  transverse  in  their  general  direction,  but 
while  the  middle  fibres  pass  directly  across,  the  lower  set  ascend  slightly, 
and  the  superior  fibres,  which  are  the  most  curved,  descend  obliquely 
to  reach  the  crus  cerebelli  on  each  side  ;  and  some  of  the  latter  cross 
obliquely  the  middle  and  lower  fibres,  so  as  to  conceal  them  at  the 
sides. 

Internal  Structure. — The  pons  consists  of  the  longitudinal  or 
peduncular  fibres  prolonged  upwards  from  the  medulla  oblongata,  of 
its  own  transverse  or  commissural  fibres,  through  which  the  longitu 
dinal  fibres  pass,  and  of  a  large  intermixture  of  grey  matter.  When 
the  superficial  transverse  fibres  are  removed,  the  prolonged  fibres  of  the 
anterior  pyramids  come  into  view ;  these,  as  they  ascend  through  the 
pons,  are  separated  into  smaller  bundles,  intersected  by  other  trans- 
verse white  fibres,  which,  with  those  upon  the  surface,  are  all  continued 
into  the  middle  peduncle  of  the  cerebellum  (see  fig.  358). 

Opposite  the  lower  part  of  the  pons,  behind  the  fibres  from  the  ante- 
rior, pyramids,  is  another  set  of  transverse  fibres,  which  have  a  very 
uniform  course  (fig.  359,  t  ).  They  constitute  the  trapezium,  so  called 
because  in  most  of  the  lower  anunals,  in  which  the  lower  fibres  of  the 
pons  are  not  developed  and  the  anterior  pyramids  are  small,  these 
transverse  fibres  partially  appear  on  the  surface  in  an  area  of  a  some- 
what four-sided  shape.  Externally  they  curve  round,  and  many  are  con- 
nected with,  a  collection  of  grey  matter  above  them,  called  the  superior 
olivary  body,  and  then  course  outwards,  across  the  fibres  of  the  facial 
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nerve  and  in  front  of  the  grey  tnbercle,  to  reach  the  middle  crus  of  the 
cerebenum. 

The  median  sepfi/m  or  raphe,  which  exists  in  the  medulla  oblongata, 
is  prolonged  throughout  the  whole  height  of  the  pons  in  its  back  part, 
but  becomes  indistinct  in  approaching  the  front  or  basilar  surface, 
except  towards  its  upper  and  lower  edge,  where  the  superficial  fibres  of 
the  pons  are  manifestly  continuous  in  the  median  line  with  these  septal 
fibres.  Bundles  of  white  fibres,  belonging  to  the  same  system,  encircle 
the  crura  cerebri  at  their  emergence  from  the  upper  border  of  the 
pons. 

The  ffrey  matter  consists  of  small  round  and  fusiform  cells  and  forms 
a  network  among  the  bundles  of  fibres. 

The  fourth  ventricle. — The  space  left  between  the  medulla  ob- 
longata in  front,  and  the  cerebellum  behind  (figs.  358,  and  362,  n ; 
384,  V  4),  is  named  the  fourth  ventricle,  or  ventricle  of  the  cerebellum. 

The  cavity  of  the  ventricle  is  of  a  flat  rhomboidal  shape,  being  con- 
tracted above  and  below,  and  widest  across  its  middle  part.  It  is 
bounded  laterally  by  the  superior  peduncles  (fig.  358,  5),  and  by  the 
line  of  union  of  the  medulla  oblongata  and  the  cerebellum.  Behind,  it  is 
covered  in  above  by  the  valve  of  Yieussens,  which  extends  across  between 
the  superior  peduncles  of  the  cerebellum,  and  below  by  part  of  the 
inferior  vermiform  process  of  the  cerebellum  which  projects  into  it. 
The  upper  end  of  the  ventricle  is  continuous  with  the  Sylvian  aqueduct 
or  passage  (iter)  leading  up  to  the  third  ventricle. 


Fig.  358.  Fig.     358. — View    op    the 

Floor  of  the  Fourth  Ven- 
tricle WITH  THE  Posterior 
Surface  op  the  Medulla 
Oblongata  and  neigh- 
bouring PARTS  (from  Sappey 
after  Hirsciifeld  and  Le- 
veille). 

On  the  left  side  the  three 
cerebellar  peduncles  have  been 
cut  short  ;  on  the  right  side 
the  white  substance  of  the 
cerebellum  has  been  ijreserved 
in  connection  with  the  supe- 
rior and  inferior  peduncles, 
while  the  middle  one  has  been 
cut  short. 

1,  median  groove  of  the 
fourth  ventricle  with  the  fas- 
ciculi teretes,  one  on  each 
side ;  2,  the  same  groove  at 
the  place  where  the  white 
stri«  of  the  auditory  nerve 
emerge  from  it  to  cross  the 
floor  of  the  ventricle  ;  3,  inferior  peduncle  or  restiform  body  ;  4,  posterior  pyramid ; 
above  this  the  calamus  scriptorius  ;  5,  superior  peduncle  or  processus  a  cevebello  ad 
cerebrnm  ;  on  the  right  side  the  dissection  shows  the  superior  and  inferior  peduncles 
crossing  each  other  as  they  pass  into  the  white  centre  of  the  cerebellum  ;  6,  fillet  to  the 
side  of  the  crura  cerebri  ;  7,  lateral  grooves  of  the  crura  cerebri ;  8,  corpora  quadri- 
gemina. 

Tlie  anterior  surface  or  floor  of  the  fourth  ventricle  is  formed  by  the 
back  of  the  medulla  oblongata  and  pons  Yarolii.     It  is  shaped  like  a 
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lozenge,  trnncated  at  its  upper  part.  Below,  it  is  looimded  by  the 
diyerging-  posterior  pyramids  and  restiform  bodies,  surmounted  by  the 
iignla. 

The  portion  below  the  auditory  stria3  has  been  already  described. 
Just  above  the  strife  the  eminentia  teres  forms  a  convex  prominence 
on  each  side  of  the  median  furrow.  To  its  outer  side  is  a  depression, 
fovea  anterior,  and  above  this,  near  the  upper  part  of  the  ventricle,  is  a 
collection  of  pigment  beneath  the  surface  of  a  shallow  depression, 
which  thus  has  a  greyish  tint,  and  is  known  as  the  locus  cceruleus. 

The  lining  menibrane  of  the  ventricle  is  continuous  with  that  of  the 
ventricles  in  the  interior  of  the  cerebrum,  through  the  aqueduct  of 
Sylvius,  in  which  situation  it  is  marked  by  delicate  rugte,  oblique  or 
longitudinal  in  direction.  At  the  sides  it  is  reflected  from  the  medulla 
to  the  cerebellum,  and  extends  for  a  considerable  distance  outwards, 
in  the  form  of  a  pouch,  between  the  flocculus  and  the  seventh  and 
eighth  nerves.  At  the  lower  end  of  the  ventricle,  there  is,  as  vras 
ascertained  by  Magendie,  a  narrow  orifice  in  the  membrane  ]3y  which 
the  cavity  communicates  with  the  subarachnoid  space. 

Projecting  into  the  fourth  ventricle  at  each  side,  and  passing  from  the 
point  of  the  inferior  vermiform  process  outwards  and  upwards  to  the 
outer  border  of  the  restiform  bodies,  are  two  small  vascular  processes, 
which  have  been  named  the  cliloroid plexuses  of  the  fourth  ventricle. 

The  grey  matter  in  the  floor  of  the  fourth  ventricle  has  been 
in  part  described  in  connection  with  the  medulla  oblongata. 

Opposite  the  middle  of  the  fourth  ventricle,  beneath  the  eminentia 
teres  on  each  side,  lies  the  common  nucleus  of  the  sixth  and  seventh 
{facial)  nerves  (fig.  359,  vii').    These  nerves  to  reach  it  pass  upwards  as 

Fig.  359. 


Fig.  359. 


-Sectiow  through  the  Pons  Varolii,  opposite  middle  of  Eminentia 
Teres. 


VI,  sixth  nerve  ;  vii,  facial  nerve  ;  vif,  common  nucleus  of  seventh  and  sixth  nerves  ; 
VII ",  descending  portion  of  seventh;  vs,  sensory  nucleus  of  fifth  nerve;  vm,  motor 
nucleus  of  fifth  nerve  (Lockhart  Clarke);  Au,  auditory  nucleus;  s  o,  superior  olivary 
body;  t,  transverse  fibres  of  "trapezium;  '  below  these  are  seen  the  cut  bundles  of 
fibres  from  the  anterior  pyramids.  C  P.  m,  middle  peduncle  of  cerebellum  cut  across. 
M,  superficial  transverse  fibres. 
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well  as  backwards  through  the  pons,  the  sixth  having  a  tolerably  straight 
course,  and  the  seventh  curving  inwards,  to  reach  the  nucleus  which  is 
much  nearer  to  the  middle  line  than  is  the  place  of  emergence  of  the 
nerve  from  the  side  of  the  medulla.  The  nucleus  consists  of  a  column 
of  large  multipolar  nerve  cells,  and  in  it  nearly  all  the  fibres  of  the 
sixth  nerve,  and  a  considerable  number  of  those  of  the  facial  end. 
Other  fibres  of  the  facial,  however,  pass  above  the  upper  extremity  of 
the  nucleus  and  then,  turning  down,  descend  on  its  inner  side  as  a 
compact  bundle  (fig.  359,  vii"),  and  opposite  the  lower  part  of  the 
nucleus  radiate  outwards  and  downwards,  some  to  the  superior  olivary 
body  (so)  and  others  to  an  adjacent  group  of  nerve  cells  from  which 
also  (higher  up)  the  fibres  of  the  motor  root  of  the  fifth  nerve  arise  (v  w). 

The  prominence  outside  the  vagal  nucleus  in  the  lower  part  of  the 
ventricle  marks  the  position  of  the  inner  nucleus  of  the  auditory  nerve 
(fig.  355).  It  is  triangular  on  section,  and  consists  of  oval  and  stellate 
nerve  cells,  smaller  than  those  of  the  facial  nucleus,  and  imbedded  in  a 
granular  matrix.  It  is  closely  connected  below  with  the  nucleus  of  the 
glossopharyngeal  nerve,  and  above,  with  that  of  the  fifth  nerve.  The 
outer  nucleus,  a  little  higher  up,  is  placed  to  the  outer  side  of  the  inner 
nucleus,  and  consists  of  the  grey  network  of  cells  and  fibres  into  which 
the  restiform  and  post-pyramidal  nuclei  have  become  transformed. 
(Lockhart  Clarke.)  The  auditory  nerve  divides  into  two  nearly  equal 
parts  ;  the  posterior  division  curves  round  the  restiform  body,  and 
arises  chiefly  from  the  inner  nucleus  :  the  anterior  division  passes 
through  the  substance  of  the  inferior  peduncle  of  the  cerebellum,  and 
arises  from  both  nuclei ;  some  fibres  of  the  anterior  division  pass  with 
the  restiform  body  directly  to  the  cerebellum,  where  they  have  been 
traced  to  the  superior  vermiform  process.  Both  portions  of  the  auditory 
nerve  contain  many  nerve  cells ;  in  the  inferior  or  outer  portion  they 
constitute  a  pyriform  swelling  at  the  anterior  edge  of  the  restiform 
body. 

The  sensory  j^ortion  of  the  fifth  nerve  arises  from  a  collection  of 
grey  substance  beneath  the  outer  part  of  the  floor  of  the  fourth  ven- 
tricle in  its  middle  third.  It  is  derived  chiefly  from  the  continuation 
upwards  of  the  grey  tubercle  of  Eolando,  which  constitutes  a  grey 
net-work  outside  the  facial  nerve  (fig.  359,  Y  s).  The  cells  are  small 
and  arranged  in  clusters  separated  by  the  fasciculi  of  origin  of  the 
nerve.  In  front  of  the  nucleus  a  bundle  of  descending  fibres  passes 
down,  mingled  with  much  grey  matter,  to  the  lower  part  of  the 
medulla  oblongata.  As  the  fibres  of  the  fifth  pass  to  the  nucleus,  they 
are  intimately  connected  with  the  fibres  of  the  anterior  division  of  the 
auditory  nerve.  The  fibres  of  the  motor  root  of  the  fifth,  have  been 
traced  by  Lockhart  Clarke  to  a  collection  of  cells  close  to  the  outer 
angle  of  "the  fourth  ventricle,  on  the  inner  side  of  the  trunk  of  the  fifth 
nerve.  The  prolongation  downwards  of  this  nucleus  (fig.  359,  Ym), 
is  situated  Uvcar  the  superior  olivary  body,  and  with  it  some  fibres  of  the 
facial  are  also  connected. 

The  sujjerior  olivary  tody  (fig.  359,  s  o)  is  a  collection  of  small  nerve 
cells,  which  lies  above  the  outer  part  of  the  trapezium.  In  man  it  is 
very  much  smaller  than  the  inferior  olivary  body,  to  which  it  does  not 
present  much  resemblance.  In  some  animals,  however,  it  is  larger,  and 
presents  a  distinctly  sinuous  outline.  From  it  some  of  the  fibres  of  the 
trapezium  arise. 
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From  these  nuclei,  groups  of  nerve-cells  may  be  traced  for  a  con- 
siderable distance  down  the  medulla.  The  relation  of  the  auditory 
nuclei,  and  of  the  sensory  nucleus  of  the  fifth,  to  the  grey  matter  of  the 
medulla,  has  been  already  spoken  of.  In  the  position  of  the  motor 
nucleus  of  the  fifth,  cells  can  be  traced  as  far  as  the  point  of  the 
calamus  scriptorius.  From  the  facial  nucleus,  a  group  of  cells  extends 
down  to  the  inner  side  of  the  hypoglossal  nucleus,  to  the  lowest  part  of 
which  it  may  be  traced.  This  relation  is  of  considerable  interest  in 
connection  with  the  conjoined  movements  of  the  lips  and  tongue. 

(For  fuller  details  on  the  anatomy  of  the  medulla  oblongata  and  pons 
Varolii  the  reader  is  referred  to  Lockhart  Clarke's  paper  in  the  Philo- 
sophical Transactions  for  1868,  to  Meynert's  article  on  the  Brain  in 
Strieker's  Histology,  to  Henle's  Handbuch  der  Anatomic,  Bd.  iii., 
Abth.  2,  and  to  Kolliker's  Handbuch  der  Gewebelehre,  5th  ed.) 


THE     CEREBELLUM. 

The  Cerebellum  hinder  Irain,  consists  of  a  lody  and  of  three  pairs  of 
crura  or  peduncles,  by  which  it  is  connected  with  the  rest  of  the  cerebro- 
spinal axis. 

The  cerebellum  is  covered  with  grey  cortical  substance,  rather  darker 
than  that  of  the  cerebrum.  Its  greatest  diameter  is  transverse,  and 
extends  to  about  three  and  a  half  or  four  inches  :  its  width  from  before 
backwards  is  about  two  or  two  and  a  half  inches  ;  and  its  greatest 
depth  is  about  two  inches,  but  it  is  much  thinner  round  its  outer 
border. 

Fig.    360. — Outline    of    the   Upper  Fig.  360, 

Surface  of  the  Cerebelluji.  (Allen 
Tliomson. )     § 

At  the  upper  part  of  the  figure,  the 
crura  cerebri  and  parts  behind  them 
have  been  cut  through  and  left  in  con- 
nection with  the  cerebellum. 

III.  the  third  pair  of  nerves  lying 
upon  the  crura  cerebri ;  c  r,  white 
matter  or  crust  of  the  crura  cerebri  ; 
I  n,  locus  niger  ;  t,  tegmentum  contain- 
ing gi-ey  matter  in  the  upper  part  of 
the  crura  ;  a  s,  aqueduct  of  Sylvius  ; 
Q,  corpora  quadrigemina,  the  upper 
elevations  divided  ;  s  v,  superior  ver- 
miform process,  some  of  the  foremost 
folia,  immediately  behind  q,  form  the 
central  lobe  (of  Eeil)  ;  I  q,  lobulus 
quadratus  ;  j?  s,  posterior  superior  lobe ; 
fh,  horizontal  fissure  ;  p  i,  posterior  inferior  lobe 
spheres. 

It  consists  of  two  lateral  hemispheres  joined  together  by  a  median 
portion  called  the  vermiform  process,  which  in  man  is  distinguishable 
only  as  a  small  though  well  marked  part  below,  named  the  inferior 
vermiform  process,  and  a  mere  elevation  above,  called  the  superior 
vermiform  process  (fig.  360).  In  birds,  and  in  animals  lower  in 
the  scale,  this  middle  part  of  the  cerebellum  alone  exists  ;  and  in 
most  mammals  it  forms  a  central  lobe  very  distinct  from  the  lateral 
portions. 

The  hemispheres  are  separated  behind  by  a  deep  notch  (fig.  360,  n). 
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Superiorly,  the  median  portion  or  upper  vermiform  process,  though 
slightly  elevated,  is  not  marked  off  from  the  hemispheres,  so  that  the 
general  surface  of  the  organ,  which  is  here  inclined  and  flattened  on 
each  side,  is  uninterrupted.  Below,  the  hemispheres  are  convex,  and 
are  separated  by  a  deep  fossa,  named  the  vallecula,  which  is  continuous 
with  the  notch  behind,  and  in  Avhich  the  inferior  vermiform  process 
(fig.  S61,  2,  2  ;  fig.  362,  cpii)  lies  concealed  in  a  great  measure  by  the 
surrounding  parts.  Into  this  hollow  the  medulla  oblongata  is  received 
in  front,  and  the  falx  cerebelli  behind. 

The  peduncles  are  named  superior,  middle,  and  inferior,  and  connect 
the  hemispheres  of  the  cerebellum  with  the  brain,  spinal  cord,  and  with 
each  other. 

The  superior  peclimcles  (fig.  358,  5),  crura  ad  cerebrum  or  processus 
ad  testes,  together  with  the  valve  of  Vieussens,  a  lamina  stretched 
between  them,  connect  the  cerebellum  Avith  the  cerebrum. 

The  inferior  ijeclundes  (fig.  358,  3),  crura  ad  medullam,  are  the  upper 
extremities  of  the  restiform  bodies. 

The  middle  jjeduncles  (fig.  361,  8),  or  crura  ad  pontem,  much 
the  largest,  are  the  lateral  extremities  of  the  transverse  fibres  of  the 
pons  Varolii.  They  connect  together  the  two  halves  of  the  cerebellum 
inferiorly. 

All  these  peduncles  pass  into  the  interior  of  the  cerebellum  at  its 
fore  part. 

Folia. — The  cerebellum,  at  the  surface,  and  for  some  depth,  consists 
of  numerous  nearly  parallel  laminae  or  folia,  which  are  composed  of  grey 

Fi<j.  361. 


Fig.    36L — Infekior   Surface   of   the    Cekebellum  with  the   Pons  Varolii  and- 
Medulla  Oblongata  (from  Sappey  after  Hirschfeld  and  Leveille).     | 

1,  placed  in  the  notcli  between  tLe  cerebellar  hemispheres,  is  below  the  inferior 
vermiform  jDrocess  ;  2,  2,  median  depression  or  vallecula  ;  3,  3,  3,  the  biventral,  slender, 
and  posterior  inferior  lobnles  of  the  hemisphere  ;  4,  the  amygdala  ;  5,  floccnlus  or  sub- 
peduncnlar  lobule  ;  6,  pons  Varolii  ;  7,  its  median  groove  ;  8,  middle  peduncle  of  the 
<'erebellum  ;  9,  medulla  oblongata  ;  10,  11,  anterior  part  of  the  great  horizontal  fissure  ; 
12,  13,  smaller  and  greater  roots  of  the  fifth  pair  of  nerves  ;  14,  sixth  pair  ;  15,  facial 
nerve  ;  16,  ]3ars  intermedia  ;  17,  auditory  nerve  ;  18,  glosso -pharyngeal ;  19,  pneumo- 
gastric  ;  20,  spinal  accessory  ;  21,  hj'poglossal  nerve. 
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and  white  matter,  and  might  be  compared  with  the  gyri  of  the  cere- 
brum, but  are  smaller  and  without  convolution.  These  lamina  are 
separated  by  slightly-curved  grooves  or  sulci  of  different  depths. 

Fissures. — One  principal  fissure,  or  sulcus,  named  i\\Q  great  horkontal 
fissure  (fig.  360,  fh),  divides  the  cerebellum  into  an  upper  and  a  lower 
portion.  It  begins  in  front  at  the  entrance  of  the  middle  peduncles, 
and  passes  horizontally  backwards  round  the  outer  border  of  the 
hemispheres.  From  this  primary  fissure,  numerous  others  proceed  on 
both  the  upper  and  under  surfaces,  forming  nearly  parallel  curves, 
having  their  concavities  turned  forwards,  and  separating  the  folia  from 
each  other.  All  these  furrows  do  not  go  entirely  round  the  hemis- 
phere, for  many  of  them  coalesce  one  with  another  ;  and  some  of  the 
smaller  farrows  have  even  an  oblique  course  between  the  others.  More- 
over, on  opening  the  larger  fissures,  many  of  the  folia  are  seen  to  lie 
concealed  within  them,  and  do  not  reach  the  surface  of  the  cerebellum. 

Ijobes. — Certain  fissures,  which  are  deeper  than  the  rest,  and  constant 
in  their  position,  have  been  described  as  separating  the  cerebellum  into 
lobes,  which  are  named  as  follows. 

The  central  lobe,  situated  on  the  upper  surface  (fig.  360,  9),  consists  of 
about  eight  folia,  immediately  adjoiuing  the  anterior  concave  border. 
The  superior  and  anterior  lobe,  sometimes  called  quadrate  (1.  q),  and  the 
superior  and  posterior  lobe  (p.  s.),  are  placed  between  the  central  lobe  and 
the  great  horizontal  fissure.     On  the  under  surface  (fig.  362)  are  seen 

Fisr.  362. 


Fig.  362. — InfeeioPv  Stjkface  op  the  Cekeeellum  with  the  Posxekior  Medullary 
Velum  (Allen  Thomson  after  Eeil  and  Reicliert,  and  from  nature).     § 

The  medulla  oblongata  has  been  in  great  part  removed  by  a  cut  passing  through  it 
near  the  pons  Varolii ;  the  two  amygdaloid  lobules  have  also  been  removed,  and  the 
medulla  and  pons  Varolii  pulled  downwards  in  order  to  bring  into  view  the  posterior 
medullary  velum. 

p  s,  posterior  superior  lobe  of  the  cerebellum  ;  /  7i,  horizontal  fissure  ;  p  (',  posterior 
inferior  lobe  ;  g,  lobulus  gracilis  ;  b  i,  biventral  lobe  ;  c,  placed  on  the  folia  which  pass 
across  between  the  hemispheres  of  opjiosite  sides  ;  p,  pyramid  ;  v.,  uvula  ;  n,  placed  in 
the  fourth  ventricle  immediately  below  the  nodule  ;  j)  v,  on  each  side,  placed  on  the  cut 
surface  where  the  amygdala  have  been  removed,  points  by  a  line  to  the  posterior  medullary 
velum  ;  v,  v,  cavity  of  the  fourth  ventricle  within  the  borders  of  the  velum  and  behind 
the  inferior  cerebellar  peduncles  ;  the  cavity  extends  on  each  side  into  the  pedicle  of  the 
flocculus,  /;  m,  section  of  the  medulla  oblongata,  in  which  the  posterior  opening  of  the 
olivary  capsules  of  grey  matter  is  sho-^Ti ;  VI,  sixth  nerves  ;  V,  roots  of  the  fifth  nerves, 
and  above  them,  the  facial  and  auditory  roots. 
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successively  the  inferior  posterior  lobe,  the  slender  lobe,  the  Mventral  lobe, 
the  amygdala  (fig.  361,  4),  and  the  suhpeduncular  lobe  oy  flocculus.  This 
last-named  lobule  projects  behind  and  below  the  middle  peduncle  of 
the  cerebellum.  It  is  connected  by  a  slender  pedicle  of  white  fibres  to 
the  rest  of  the  hemisphere  ;  but  its  exposed  surface  is  grey,  and  is  sub- 
divided into  five  or  six  small  laminae. 

Vallecula. — Within  the  vallecula  (fig.  362),  or  on  its  borders,  the 
following  parts  are  seen. 

Commencing  from  behind,  a  conical  and  laminated  projection  named 
the  pyramid  (p),  is  first  met  with.  In  front  of  that  is  another  smaller 
projection,  called  the  uvula  (w),  which  is  placed  between  the  two  rounded 
lobes  at  the  sides  of  the  vallecula,  named  the  amygdala  (removed  at 
p,  v) ;  these  terms  having  been  suggested  by  a  comparison  with  tho 
parts  so  named  in  the  throat.  Between  the  uvula  and  amygdate  on 
each  side,  but  concealed  from  view,  is  extended  a  ridge  of  grey  matter 
indented  on  the  surface,  and  named  the  furrowed  land.  Still  further 
forward  is  the  anterior  pointed  termination  of  the  inferior  vermiform 
process,  named  the  nodule  (above  n),  which  projects  into  the  fourth 
ventricle,  and  has  been  named  the  laminated  tuMrcle  (Malacame).  On 
each  side  of  the  nodule  is  a  thin  white  lamella  of  a  semilunar  form, 
which  is  attached  by  its  posterior  convex  border,  and  is  free  and  con- 
cave in  front  {p  v).  The  outer  ends  of  these  lamellse  are  attached  to 
the  flocculi,  and  the  inner  ends  to  the  nodule,  and  to  each  other  in 
front  of  that  projection.  The  two  lamellse  together  constitute  the  pios- 
terior  medullary  velum,  which  has  been  compared  with  the  valve  of 
Yieussens, — the  one  being  attached  to  the  superior  extremity  and  the 
other  to  the  inferior  extremity  of  the  middle  or  vermiform  portion  of 
the  cerebellum.  This  posterior  velum  is  covered  in  and  concealed 
by  the  amygdala,  and  cannot  be  properly  seen  until  those  lobules  have 
been  turned  aside  or  removed,  as  in  the  figure  (see  also  fig.  384). 

Internal  Structure. — The  central  part  is  composed  of  white 
matter,  which  sends  out  spreading  and  gradually  thinning  layers  into 
the  interior  of  all  the  lamina,  larger  and  smaller,  of  the  grey  substance 
which  form  a  continuous  covering  on  the  surface.  In  consequence  of 
this  arrangement  of  the  white  and  grey  substances,  sections  of  the 
cerebellum  crossing  the  laminae,  and  dividing  the  grey  and  white  sub- 
stance together,  present  a  beautifully  foliated   or  arborescent   appear- 


Fig.  363. 


Fig.  363. — Outline  Sketch  of  a  Ver- 
tical   Section   op    the    Cerebellum 

TO  SHOW  THE  CoRPUS  DeNTATUM    IN  ITS 

Medullary  Stem.   (Allen Thomson.)  -| 


The  section  has  been  carried  through 
the  left  lateral  part  of  the  pons  so  as  to 
divide  the  superior  peduncle  and  jDass 
nearly  through  the  middle  of  the  left 
cerebellar  hemisphere.  The  olivary  body 
has  also  been  divided  longitudinally  so  as 
to  expose  in  section  its  corpus  dentatum. 
cr,  crus  cerebri  ;  /,  fillet  ;  g,  corpora 
quadrigemina  ;  S}'),  superior  peduncle  of 
the  cerebellum  divided  ;  rw  j},  middle 
peduncle  or  lateral  part  o£  the  pons  Varolii,  with  fibres  passing  from  it  into  the  white 
stem  ;  a  v,  continuation  of  the  white  stem  radiating  towards  the  arbor  vitre  of  the  folia  ; 
C  d,  corpus  dentatum  ;  o,  olivary  body  with  its  corpus  dentatum  ;  2^1  anterior  pyi-amid. 
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ance,  named  arhor  vikc  {a  v,  fig.  363,  384'i.  This  appearance  is  seen  in 
any  yertical  section,  but  it  is  most  perfect  in  that  which  passes  through 
the  median  plane,  where  the  relative  quantity  of  the  central  white 
matter  is  small.  The  foliations  are  arranged  somewhat  pinnately, 
the  section  of  each  primary  lamina  having  those  of  secondary  laminse 
clustered  round  it  like  leaflets  on  a  stalk. 

In  the  lateral  hemispheres,  where  the  peduncles  enter,  the  white 
matter  is  more  abundant  ;  and,  if  a  section  be  made  through  either 
hemisphere  half  way  between  its  centre  and  the  middle  of  the  vermi- 
form process,  it  will  display  a  nucleus  of  grey  matter,  which  is  named 
the  corpus  dentatum  of  the  cerebellum  (c  d).  This  structure,  very 
similar  to  that  already  described  in  the  olivary  body  of  the  medulla 
oblongata,  presents  the  appearance  of  a  waved  line  of  compact  yellowish 
brown  matter,  surrounded  by  white  substance  and  containing  whitish 
matter  within.  This  line  is  interrupted  at  its  upper  and  inner  part. 
In  whatever  direction  the  section  is  carried  through  the  corpus  den- 
tatum,  this  Avaved  line  is  seen,  so  that  the  dentate  body  may  be 
descril3ed  as  consisting  of  a  plicated  pouch  or  capsule  of  grey  sub- 
stance open  at  one  part  and  inclosing  white  matter  in  its  interior,  like 
the  corpus  dentatum  of  the  olivary  body.  "White  fibres  may  be  traced 
from  it  to  the  superior  peduncles  of  the  cerebellum  and  to  the  valve  of 
Vieussens. 


Fig.  364. — View  of  a  Dissection 
OP  THE  Fibres  op  the  Medulla 
Oblongata  and  Pons  Varolii 
(from  Arnold).     2 

6,  the  anterior  p}Tainid  ;  ?/,  its 
fibres  traced  upwards  through  the 
pons  Varolii ;  c,  olivary  column  ;  d, 
olivary  body  ;  m,  superficial  trans- 
verse fibres  of  the  pons  on  its  left 
side  ;  m',  the  deeper  transverse 
fibres  of  the  right  side  ;  m',  the 
prolongation  of  these  fibi-es  as  middle 
peduncle  of  the  cerebellum  ;  j),  q, 
their  continuation  into  the  lamince 
and  folia  of  the  cerebellum  ;  n,  in- 
ferior peduncle  ;  x,  the  decussating 
part  of  the  left  lateral  column  cross- 
ing to  the  right  anterior  pyramid. 


Fig.  364. 


The  fibres  in  tlie  primaiy  lamellas  can  be  traced  continuously  from  the  peduncles 
of  the  cerebellum.  Upon  these  central  plates  are  laid  other  collateral  lamcll(E, 
which  are  not  connected  with  the  fibres  proceeding  from  the  middle  of  the 
cerebellum,  but  merely  pass  from  one  folium  to  another. 

The  grey  matter  is  not  uniform  throughout  its  whole  thickness,  but  is  com- 
posed of  two  or  more  layers  differing  in  colour  and  other  characters  ; — resem- 
bling, in  this  respect,  the  cor-tical  substance  of  the  posterior  convolutions  of  the 
cerebrum. 

The  fibres  composing  the  peduncles  of  the  cerebellum  are  aiTanged  in  its 
interior  in  the  following  manner.  The  middle  peduncles,  which  are  the  most 
superficial,  enter  the  lateral  parts  of  the  cerebellum ;  they  may  be  traced  into  the 
foHa  of  these  pai-ts,  and  form  a  large  pai-t  of  each  hemisphere  (fig.  364,  ?«*)•  ^^^ 
infei-ior  peduncles  (fig.  36.5,  n  q)  pass  upwards  into  the  middle  part  of  the  cere- 
bellum, in  the  folia  of  which  they  are  distributed,  especially  in  those  of  the  upper 
surface.  The  superior  peduncles  (•;•;  see  also  fig*.  3.58).  which  are  placed  nearest 
to  the  middle  line,  are  principally  connected  with  the  folia  of  the  inferior  vermi- 
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form  process ;  but  a  considerable  niimber  of  their  fibres  pass  into  or  issue  from 
the  grey  capsule  of  the  corpus  dentatum. 


Fig.  365. 


^^-/>^<^V'^ 


«,  septal  fibres  of  tlie  medulla  oblongata  : 
into  the  laminae  of  the  cerebellum  ;  r,  5 
tLalamns  ;  v  coriuis  albicans.' 


Fig.  365. — The  Colujins  of  the 
Medulla  Oblongata  traced 
upwards  into  the  cerebellum 
AND  Cerebrum  (from  Arnold).  3 

a,  part  of  the  anterior  column 
which  ascends  in  the  olivary  column ; 
b,  decussating  portion  of  the  lateral 
column  forming  the  pyramid  and 
turn  down ;  c,  olivary  fasciculus 
ascending  deeply  through  the  pons  ; 
d,  olivary  body  ;  e,  restifoi-m  body  ; 
/,  g,  corpora  quadrigemina  ;  c,  h,  i, 
the  fillet  ;  h,  the  part  which  ascends 
to  the  cerebral  peduncle  ;  i,  the 
part  passing  up  to  the  corpora 
quadrigemina ;  in,  m,  the  trans- 
verse fibres  of  the  pons  divided  ;  n, 
inferior  peduncle  of  the  cerebellum ; 
2',  fibres  of  the  inferior  peduncle  continued 
sup)erior  peduncle  ;    t,  fasciculus  teres  ;  u, 


A  very  different  account  from  that  which  has  generally  been  received  of  the 
course  and  relations  of  the  tracts  of  nervous  substance  of  the  cerebeiliim  has 
recently  been  put  forward  by  Luys,  but  has  not  yet  received  corroboration. 
According  to  the  statement  of  this  author,  all  the  fibres  of  the  cerebellar  peduncles 
arise  from  the  interior  of  the  corpora  dentata  ;  the  cells  of  those  centres  receive 
externally  fibres  from  the  laminated  jjeriphery  of  the  cerebellum,  and  internally 
give  origin  to  the  peduncular  fibres ;  the  fibres  of  the  inferior  peduncles  of 
opposite  sides  cross  the  middle  line  and  teiTainate  in  the  interior  of  the  olivary 
nuclei ;  and  the  fibres  of  the  superior  peduncles,  likewise  decussating  in  the 
mesial  plane  before  quitting  the  cerebellum,  tenninate  in  a  grey  centre  of  the 
interior  of  the  tegmentum  of  the  cms  cerebri,  and  thus  the  fibres  of  the 
cerebellum  form  a  separate  system  indirectly  connected  with  the  fibres  of  the 
rest  of  the  cerebro-spinal  axis.  (Luys,  in  Journ.  de  I'Anat.  et  de  Physiol.,  ISGi, 
p.  225.) 

•  Minute  Structure. — The  cortical  grey  substance  is  composed  of  an 
external  clear  grey  layer,  an  inner  greyish-red  "  granule  "  layer,  and 
between  the  two  a  single  layer  of  large  cells  with  long  processes, 
termed  the  corpuscles  of  Purkinje.  Outside  all  is  the  layer  of  fibres 
and  vessels  of  the  pia  mater. 

The  external  layer  (fig.  366,  &)  consists  of  a  delicate  matrix,  probably 
of  the  nature  of  connective  tissue,  containing  cells  and  fibres.  Most  of 
the  fibres  have  a  direction  at  right  angles  to  the  surface ;  the  greater 
part  of  them  are  the  processes  of  the  large  nerve  cells  which  lie  between 
the  two  layers.  Others  are  fine  connective  tissue  fibres,  analagous 
to  the  sustentacular  fibres  of  the  retina,  and  connected  by  a  broad  base 
with  the  pia-matral  covering.  The  corpuscles  are  granule-like  bodies, 
some  very  small,  and  connected  probably  with  the  connective  tissue 
matrix,  others  larger  and  surrounded  by  protoplasm  from  which  pro- 
cesses extend.  Some  of  the  corpuscles  are  connected  with  the  processes 
of  the  larger  cells.*     (See  fig.  367.)     The  inner  part  of  this  layer,  con- 

*  A  connection  described  by  Lockhart  Clarke  (Proc.  Roy.  See,  1863),  and  sub- 
sequently by  Obersteiner,  and  recently  confirmed  (independently)  by  Mr.  H.  R.  0.  Sankey, 
student  of  University  College. 
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tiguous  with  the  corpuscles  of  Purkinje,  contains  some  nerve  fibres 
parallel  to  the  surface. 


Fig.  366. — Structure    of    Cortex  Fig.  366. 

OF  Cerebellum  (from  a  drawing 
by  Mr.  H.  R.  0.  Sankej). 

a,  pia  mater  ;  6,  external  layer ; 

c,  layer  of  corpuscles  of  Purkinje; 

d,  inner  or  granule  layer;    e,  me- 
dullary centre. 

The  inner  layer,  "  granule 
layer,"  (fig.  366  d),  next  the 
medullary  centre,  consists  of 
granule-like  corpuscles  which 
lie  in  dense  groups,  in  a  gela- 
tinous matrix,  containing  a 
plexus  of  fine  nerve  fibres. 
The  corpuscles  vary  in  size 
from  4oVoth  to  the  -rsVo^l^  of 
an  inch,  the  larger  being  less 
densely  scattered  around  the 
corpuscles  of  Purkinje.  Some 
are  round,  others  angular, 
and  possess  a  protoplasmic 
envelope  with  processes,  sup- 
posed to  be  connected  with 
tlie  plexus  of  fine  nerve  fibres, 
among  which  they  lie. 

The  cells  of  Purhinje  (c)  lie 
in  a  single  layer,  between  the 
outer  and  inner  layers  of  the 
cortex.  Their  distance  apart 
is  greater  on  the  sides  than 
at  the  apex  of  the  convolu- 
tion. Some  are  irregular  in 
shape,  but  many  are  fiask- 
shaped,  their  long  axis  being 
at  right  angles  to  the  sur- 
face ;  the  diameter  of  the 
larger  cells  is  the  -o-^oth  to 

yJ^oth  of  an  inch  ;  each  contains  a  spherical  nucleolated  nucleus.  Pro- 
cesses extend  from  them  into  both  the  outer  and  inner  layers  :  the  outer 
process  is  much  the  larger,  and  is  granular  or  finely  striated  in  texture. 
It  divides  usually  near  the  cell,  and  its  branches,  either  at  once  or  after  a 
short  horizontal  course,  pass  towards  the  surface,  dividing  repeatedly. 
Some  are  apparently  connected  with  the  angular  corpuscles  of  this 
layer,  but  most  can  be  traced  almost  to  the  outer  surface,  and  are  there 
lost.  They  have  been  said  to  turn  back  and  end  in  the  granule  layer. 
The  inner  process  is  fine,  undivided,  and  passes  into  the  granule  layer. 
It  is  supposed  to  be  continuous  with  the  axis  cylinder  of  a  nerve  fibre. 

The  medullary  centre,  consists  of  nerve  fibres  arranged  in  parallel 
or  interlacing  bundles,  which  pass  off  on  each  side  and  fonn  the  central 
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stem  of  the  laminse,  whence  they  radiate  into  the  cortex.    They  disappear 
in  the  granule  layer,  and  are  commonly  believed  to  be  continuous  with 

the  outer  processes   of  the 
Fig-  367.  corpuscles  of  Purkinje,  but 

some    consider    that     they 
arise,  in  part  at   least,   by 
i'^  the  union  of  the  fine  fibres 

of  the  plexus  in  which  the 
granules  of  the  outer  layer 
are  embedded. 

Fig.  367. — From  the  Outer  Later 
OF  THE  Cerebellum  (from  a 
drawing  by  Mr.  H.  11.  0.  Sankey). 
Processes  op  the  Corpuscles 
OP    Purkinje,     connected,    by 

THEIR     FINER    BRANCHES,     WITH 

THE  Corpuscles  of  the  Outer 
Later.     (Highly  magnified. ) 

The  structure  of  the  cor- 
2ms  dentatum  resembles  that 
of  the  olivary  body.  Stel- 
late cells,  TsVo^h  to  "TsVoth. 
inch  in  size,  lie  in  several 
layers,  among  a  plexus  of 
finer  nerve  fibres,  passing  in 
various  directions,  but  chiefly 
from  without  inwards. 


THE    CEREBHUM. 

The  cerehnini,  or  brain  proper,  constitutes  the  highest  and  much  the 
largest  portion  of  the  encephalon.  It  consists  of  the  following  parts, 
viz.,  the  peduncular  masses  of  the  crura  cerebri  and  processus  a 
cerebello  ad  cerebrum  ;  the  series  of  eminences  or  cerebral  centres  or 
ganglia  concealed  from  view,  named  corpora  quadrigemina,  optic 
thalami  and  corpora  striata ;  the  cerebral  hemispheres,  which  are  by  far 
the  most  bulky  part  of  the  cerebrum ;  various  commissural  structures 
including  the  corpus  callosum  and  fornix;  and  lastly  some  smaller 
structures,  viz.,  the  pineal  and  the  pituitary  bodies,  and  the  olfactory 
bulbs. 


EXTERIOR  OP  THE  CEREBRUM. 

The  cerelral  ImnisiJheres  together  form  an  ovoid  mass,  flattened  on 
its  under  side,  and  placed  in  the  cranium  with  its  smaller  end  forwards, 
its  greatest  width  being  opposite  to  the  parietal  eminences.  They 
are  separated  in  the  greater  part  of  their  extent  by  the  great  longitu- 
dinal fissure. 

Each  cerebral  hemisphere  has  an  outer,  convex  surface,  in  contact 
with  the  vault  of  the  cranium ;  an  inner  or  median,  flat  surface,  which 
forms  one  side  of  the  longitudinal  fissure ;  and  an  irregular  under 
surface,  in  which  is  a  deep  cleft,  the  fissure  of  Sylvius.     In  front  of  this 
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cleffc  the  under  surface  rests  in  the  anterior  fossa  of  the  base  of  the  skull, 
and  behind  it  in  the  middle  fossa,  and  further  back  still,  on  the  ten- 
torium cerebelli. 

The  great  JongihuUnal  fissure  (fig.  372,  1 1),  seen  upon  the  upper  sur- 
face of  the  brain,  extends  from  before  backwards  throughout  its  whole 
length  in  the  median  plane,  and  thus  separates  the  cerebrum,  as  already 
stated,  into  a  right  and  left  hemisphere.  On  opening  this  fissure,  it  is 
seen,  both  before  and  behind,  to  pass  quite  through  to  the  base  of  the 
cerebrum ;  but  in  the  middle  it  is  interrupted  by  a  large  transverse  mass 
of  white  substance,  named  the  corjnts  caUosum,  which  connects  the  two 
hemispheres  together.  While  the  brain  is  in  its  natural  situation,  this 
fissure  is  occupied  by  a  yertical  process  of  the  dura  mater — the  falx 
cerebri — which  dips  down  between  the  two  hemispheres,  not  quite 
reaching  to  the  corpus  callosum. 

The  Sueface  of  the  Hemispheres  is  composed  of  grey  matter,  and 
is  moulded  into  numerous  smooth  and  tortuous  eminences,  named  con- 
volutions or  gyri,  which  are  marked  off  from  each  other  by  deep  fuiTows, 
called  svM,  or  anfractuosities. 

Lobes  of  the  cerebrum. — These  are  five  in  number,  termed 
respectively,  frontal,  jMridul,  occipital,  temporo-sidlienoiclal  and  central. 
The  three  former  are  in  contact  with  the  bones  after  which  they  are 
named,  though  their  limits  do  not  correspond  to  those  of  the  bones  ; 
the  fourth  occupies  the  middle  or  temporo-sphenoidal  fossa  in  the  base 
of  the  skull,  while  the  central  lobe  or  island  of  Eeil  lies  within  the 
fissure  of  Sylvius.  The  divisions  between  these  lobes  are  marked  by 
certain  conspicuous  fissures  and  by  artificial  lines  connecting  those 
fissures.  Their  real  limits  will  be  better  understood  when  the  convolu- 
tions and  fissures  have  been  described. 

Formerly  it  "n^as  customary  to  divide  each  hemispliere  into  thxee  lobes,  an 
anterior,  in  front  of  the  fissure  of  Sylvius,  a  middle,  behind  that  fissure  and  rest- 
ing ru  the  temporo-sphenoidal  fossa,  and  a  posterior  lobe  behind  it,  resting-  on 
the  tentorium  cerebelli.  The  division  into  five  lobes,  now  generally  adopted, 
was  first  made  by  Gratiolet. 

The  Convolutions  are  covered  closely  throughout  by  the  vascular 
investing  membrane,  the  pia  mater,  which  sends  processes  down  to 
the  bottom  of  the  sulci  between  them,  while  the  serous  covering,  the 
arachnoid  membrane,  passing  from  one  convolution  to  another,  over 
their  summits  and  without  dipping  between  them.  In  general,  the 
depth  of  a  convolution  exceeds  its  thickness ;  and  its  thickness,  near  the 
summit,  is  somewhat  greater  than  through  its  base. 

Since  the  external  grey  or  cortical  substance  is  continuous  over  the 
whole  surface  of  the  cerebral  hemispheres,  being  found  alike  within  the 
sulci  and  upon  the  gyri,  a  far  greater  extent  of  grey  matter  is  thus  ex- 
posed to  the  vascular  surface  of  the  pia  mater  with  a  given  size  of  the 
brain,  than  could  have  been  the  case  had  the  hemispheres  been  plain 
and  destitute  of  convolutions. 

The  Fissures  between  the  convolutions  are  generally  from  half  an 
inch  to  an  inch  in  depth,  but  vary  in  this  respect  both  in  difl'erent 
brains  and  in  different  parts  of  the  same  brain.  In  all  brains 
certain  primary  fissures  can  be  recognised,  on  which  the  division  into 
lobes  has  been  founded,  and  these  it  will  be  convenient  to  describe 
first. 
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THE  PRIMARY  OR  INTERLOBAR  FISSURES  are  three  in  number,  the 
fissure  of  Sylvius,  the  fissure  of  Eolando  (or  central  sulcus),  and  the 
parieto-occipital  fissure. 

The  fissure  of  Sylvius  (see  figs.  375,  s,  and  370)  commences  on 

Fig.  368. 


Fig.  368.  —Outlike  of  the  Ceeebrum  as  seen  from  the  left  side.     -J 

F,  frontal  lobe ;  P,  parietal  lobe  ;  T,  temporal  lobe ;  0,  occipital  lobe ;  R,  R,  fissure 
of  Rolando ;  s,  s,  fissure  of  Sylvius,  posterior  division ;  s,  its  anterior  division  ;  C,  at 
the  junction  of  the  two,  marks  the  place  of  the  central  lobe  or  convolutions  of  the  island 
of  Rail  ;  p,  the  place  of  the  vertical  or  occipital  fissure  ;  a,  a',  a",  superior,  middle,  and 
inferior  frontal  convolutions  ;  a*,  orbital  convolutions  ;  x,  x,  transverse  frontal  fissure  ; 
A,  ascending  frontal  convolution  ;  B,  ascending  parietal  convolution ;  i,  superior  parietal 
lobule  ;  I'',  supra  marginal  convolution ;  b'",  angular  convolution  ;  c,  c',  c",  iipper, 
middle  and  lower  temporo-sphenoidal  convolutions;  d,  d',  d",  upper,  middle  and  lower 
occipital  convolutions. 


Fig.  369. 


/j«j.  oc.y. 


fc.L, 


Oc.L. 


Fig.  369. — Figure  of  Brain  of  Chimpanzee  (from  Gratiolet). 

Fr.  L.,  frontal  lobe  ;  Par.  I.,  parietal  lobe  ;  Oc.  L.,  occipital  lobe  ;  Tem}:).  Sph.  L., 
temporc-sphenoidal  lobe  ;  Sylv.  /.,  fissure  of  Sylvius  ;  /.  Sy.  a.,  f.  Sy.  p.,  its  anterior  and 
posterior  limbs  ;  /.  Sol.,  fissure  of  Rolando  ;  tr.  fr.  /.,  transverse  frontal  fissure  ;  int.- 
^ar.  /.,  intra -parietal  fissure  ;  par.-oc.  f.,  parieto-occiiDital  fissure. 
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the  under  surface  of  the  braui,  close  to  the  anterior  perforated  spot, 
and  passes  transversely  outwards  to  the  lateral  surface  of  the  hemi- 
sphere, where  it  divides  into  a  short  anterior  ascending  limb,  and  a 
longer'  posterior  horizontal  limb.  The  fissure  in  the  base  is  a  deep 
cleft,  of  which  the  posterior  lip  projects  over  the  anterior.  This  part 
differs  from  other  fissures  in  being  due  to  a  fold  of  the  whole  brain 
in  its  development,  the  others  being  due  merely  to  duplications  of  tlie 
cortical  layer.  Within  the  fissure  of  Sylvius  is  the  isolated  group  of 
convolutions  of  the  island  of  Eeil  or  "  central  lobe." 

The  anterior  or  ascending  limb  (/.  Sy.  a),  about  an  inch  in  length, 
runs  upwards  and  forwards"  into  the  rrontal  lobe,  the  lowest  convolu- 
tion of  Avhich  curves  round  it. 

The  posterior  or  horizontal  limb  (/.  Sy.  p)  passes  backwards,  ascend- 


Fig.  S70. 


£arictal.I. 


jTrculalX. 


Temporo  -  SplieiLoiial .  L. 


Fig.  370. — Convolutions  op  Outer  Surface  of  Right  Hemisphere.     Froji  a  suiply- 

CONTOLUTED    EUROPEAN   BrAIN.       About  ^ 

The  conTolutions  are,  for  the  most  i}art,  indicated  by  Roman,  the  fissures  by  italic 
letters.  The  dotted  lines  indicate  the  divisions  into  lobes,  the  names  of  which  are  given 
in  full  at  the  margin  of  the  hemisphere.  /.  Ro.,  fissui'e  of  Rolando  ;  par.-oc.f.,  parieto- 
occipital fissure ;/.  Sy.  a.,  anterior  limb,  and/.  Sy.  p.,  posterior  limb,  of  the  fissure  of 
Sylvius ;  s.  fr.  c,  m.  fr.  c,  i.  fr.  c,  superior,  middle,  and  inferior  frontal  convolutions  ; 
asc.  f r.  c. ,  ascending  ditto ;  asc.  par.  c. ,  ascending  parietal  convolution ;  Sujd.  par.  1. , 
superior  parietal  lobules  ;  s.  m.  c. ,  supra-marginal  convolution ;  ang.  c. ,  angular  convolu- 
tion; int.  par.  f.,  Lntra-parietal  fissure  ;  s.  oc.  c,  m.  oc.  c,  i.  oc.  c,  superior,  middle, 
and  inferior  occipital  convolutions;  s.  t.-s.  c,  m.  t.-s.  c,  i.  t.-s.  c,  superior,  middle 
and  inferior  temporo-sphenoidal  convolutions;  pU.  /.,  parallel  fissure;  «\  a",  a^,  a*, 
first,  second,  third  and  fourth  annectant  convolutions ;  c.  L. ,  mthin  the  fissure  of  Sylvius, 
central  lobe,  or  Island  of  Reil. 

ing  slightly,  through  the  middle  third  of  the  hemisphere.  Its  extremity 
is  usually  bent  vertically  upwards.  It  separates  the  parietal  lobe 
above,  from  the  temporo-sphenoidal  lobe  below  it. 

The  group  of  convolutions,  which  occupy  the  angle  between  the 
two  divisions  of  the  fissure  of  Sylvius,  has  been  collectively  termed 
the  "operculum.'" 

The  fissure  of  Holando  (fig.  370,  f  Ro.)  or  Central  Sulcus,  extends 
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across  the  lateral  convex  surface  of  the  hemisphere.  It  commences 
above,  behind  the  vertex,  near  the  great  longitudinal  fissure,  and 
passes  downwards  and  forwards  to  end  close  behind,  but  above,  the 
laifurcation  of  the  fissure  of  Sylvius,  into  the  posterior  limb  of  which 
it  has  been  seen,  though  very  rarely,  to  open.  Its  position  and  direction 
are  such  that  the  fissures  of  the  two  sides,  seen  from  above,  form  a 
V-shaped  line,  open  in  front.  It  is  rarely  interrupted  in  its  course,  and 
is  very  uniform  in  man  and  most  of  the  primates.  It  appears  early  in 
development,  about  the  fifth  month. 

This  fissure  separates  the  frontal  from  the  parietal  lobe,  and  its 
position  on  the  surface  of  the  hemisphere  varies  with  the  degree  of 
development  of  the  frontal  lobe.  The  parallel  convolutions  which  it 
separates  are  named  respectively  the  ascending  or  transverse  frontal 
and  ascending  parietal  convolutions. 

The  Parieto-occipital  fissure,  or  perpendicular  fissure  (fig.  ^10,  par. 
oc.f.),  is  best  marked  on  the  median  surface  of  the  hemisphere,  where  it 
appears  as  a  deep  cleft  extending  downwards  and  a  little  forwards  from 
the  margin  of  this  surface  to  near  the  posterior  extremity  of  the  corpus 
callosum.  On  the  convex  surface  it  is  continued  transversely  outwards 
for  a  variable  distance,  generally  about  an  inch,  as  the  external  jmrieto- 
occipital  fissure.  This  fissure  is  taken  as  the  division  between  the 
parietal  and  occipital  lobe.  The  size  of  its  external  portion  depends 
(inversely)  on  the  size  of  the  convolution  which  curves  round  its  outer 
extremity  and  connects  the  parietal  with  the  occipital  lobe.  In  conse- 
quence of  the  development  in  man  of  this  and  similar  connecting 
convolutions,  this  fissure  is  much  less  marked  in  the  human  brain  than 
in  that  of  the  higher  apes.    It  appears  about  the  fourth  or  fifth  month. 

Outer  Surface  of  the  Hemispheres. — Lobes. — These  are  deter- 
mined chiefly  by  fissures  on  the  outer,  which  are  for  the  most  part 
absent  on  the  median  surface.  It  is  convenient  therefore  to  consider 
them  in  relation  to  the  outer  surface  onty,  and  subsequently  to  describe 
the  median  surface  as  a  whole. 

The  Frontal  Lobe  (fig.  370)  is  the  anterior  portion  of  the  brain 
in  front  of  the  fissure  of  Sylvius  at  the  base,  and  of  the  fissure  of 
Eolando  on  the  outer  side.  On  the  median  surface  there  is  no  corre- 
snonding  demarcation.  The  inferior  surface  of  the  fr-ontal  lobe,  which 
is  in  contact  with  the  orbital  plate,  is  called  the  orlital  surface ;  the 
upper  arched  aspect  is  the  frontal  surface. 

FRONTAL  SURFACE. — The  couvolutions  are  four  in  number,  three  antero- 
posterior, one  above  the  other,  and  one  transverse  behind  them. 

The  ascencling  or  transverse  frontal  convolution  (asc.  fr.  c.)  is  placed  in 
front  of  the  fissure  of  Rolando,  which  it  thus  bounds.  Below,  it  com- 
mences just  above  and  behind  the  bifurcation  of  the  fissm-e  of  Sylvius, 
and  thence  courses  upwards  and  backwards  to  the  margin  of  the  great 
longitudinal  fissure.  Commonly  above,  and  almost  invariably  below, 
it  is  connected  with  the  convolution  (ascending  parietal)  behind  the 
fissure  of  Rolando,  and  thus  that  fissure  is  isolated. 

The  portion  of  the  fr'ontal  surface  anterior  to  this  convolution  is 
occupied  by  complex  convolutions  running  more  or  less  in  an  antero- 
posterior direction,  and  usually  to  be  distinguished  into  three,  an  upper, 
middle,  and  low^er.  These  may  or  may  not  arise  superficially  from  the 
ascending  frontal  convolution ;  they  are  usually  in  their  course  con- 
nected one  with  another  by  secondary  convolutions. 
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The  siqjerior,  om  first  frontal  convolution  (s,  fr.  c),  at  the  margin  of  the 
great  longitudinal  fissure,  commonly  commences  superficially  at  the  upper 
end  of  the  ascending  frontal  convolution,  and  extends  to  the  anterior 
extremity  of  the  hemisphere,  where,  tapering,  it  passes  over  to  the 
orbital  surface.  The  inner  aspect  of  this  convolution  appears  on  the 
median  surface  of  the  hemisphere. 

The  middle  or  second  frontal  convolution  (m.  fr.  c.)  arises  deeply  or  super- 
ficially from  the  ascending  frontal  below  the  last,  and  runs  thence  to  the 
anterior  extremity  of  the  hemisphere.  It  is  usually  broad,  and  often 
much  subdivided. 

The  inferior  or  third  frontal  convolution  (i.  fr.  c.)  forms  the  lovv'er  and 
outer  portion  of  the  frontal  lobe.  It  arises  superficially,  or  sometimes 
deeply,  from  the  lower  extremity  of  the  ascending  convolution,  just 
above  the  bifurcation  of  the  fissure  of  Sylvius,  arches  round  the  ascend- 
ing limb  of  that  fissure,  and  extends  to  the  anterior  extremity  of  the 
hemisphere. 

Fissures  of  the  frontal  surface. — The  transverse  frontal  fissure,  "  pree- 
central  sulcus,"  lies  in  front  of  the  ascending  frontal  convolution,  and 
parallel  to  the  fissure  of  Rolando.  Its  extent  depends  on  the  mode  of 
origin  of  the  superior,  middle,  and  inferior  frontal  convolutions  from 
the  ascending  frontal.  When  these  arise  superficially  the  fissure  is 
interrupted,  and  may  be  inconspicuous ;  when  the  inferior  frontal  con- 
volution arises  deeply,  this  fissure  is  continuous  with  the  fissure  of 
Sylvius,  of  which  it  has,  in  consequence,  been  regarded  as  the  ascending 
limb. 

Two  antero-^josterior  fissures,  the  superior  and  inferior  fronted  sepa- 
rate the  corresponding  convolutions  from  the  middle  frontal :  they  are 
often  very  irregular,  being  bridged  over  by  secondary  convolutions. 

Orbital  Surface  (fig.  375)  presents  ivio  fissures ;  the  olfactory  sulcus, 
straight,  parallel  with  the  great  longitudinal  fissure,  and  lodging  the 
olfactory  bulbs. 

The  orbital  sulcus,  irregular,  often  triradiate,  lying  in  the  centre  of 
the  lobule. 

Convolutions. — Between  the  olfactory  sulcus  and  the  longitudinal 
fissure  is  the  straight  convolution,  continuous,  at  its  anterior  extremity, 
with  the  superior  fi'ontal. 

Three  convolutions  are  sometimes  described  as  lying  around  the 
orbital  sulcus,  and  named  according  to  their  position,  the  inner,  the 
anterior,  and  the  outer  or  posterior  orbital  convolutions. 

The  Parietal  Lobe  (fig.  370)  lies  behind  the  frontal  and  in  front 
of  the  occipital  lobe.  Below  it  is  the  temporo-sphenoidal  lobe.  It  is 
bounded  in  front  by  the  fissure  of  Eolando,  behind  by  the  parieto- 
occipital fissure,  and  by  an  arbitrary  continuation  of  the  line  of  that 
fissure  to  the  outer  boundary.  Internally  it  is  bounded  by  the  great 
longitudinal  fissure,  and  externally  by  the  posterior  limb  of  the  fissure 
of  Sylvius  as  far  as  this  preserves  its  horizontal  direction,  and  then 
by  a  line  continuing  that  direction  to  the  posterior  boundary. 

Fissure.  The  intra-jm^ietal  fissure  (fig.  370,  int.  par.  f.)  arches  through 
the  parietal  lobe,  commencing  in  its  anterior  inferior  angle,  where  it  is 
sometimes,  though  rarely,  continuous  with  the  fissure  of  Sylvius.  It 
ascends  at  first  parallel  to  the  fissure  of  Rolando,  and  then  turns  back- 
wards horizontally  to  the  back  of  the  lobe,  extending  nearly  to  the  termi- 
nation of  the  external  portion  of  the  parieto-occipital  fissure,  past  which 
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ifc  is  often  continned  into  the  occipital  lobe.  Its  horizontal  portion 
divides  the  parietal  lobe  into  two  portions,  superior  and  inferior  parietal 
lobules,  and  it  may  be  bridged  across  by  a  secondary  convolution  con- 
nectins:  those  lobules. 


Kg.  371. 


Pig.  371.- 


-Lateral  View  of  the  Right  Cerebral  Hemisphere  (from  Sappey 
after  Foville).     ^ 


1,  fissure  of  Rolando ;  2,  ascending  frontal  convolution  ;  3,  superior,  3',  middle,  and 
7,  inferior  frontal  convolutions  ;  4,  a  bridging  convolution  between  the  superior  and 
middle  frontal  convolutions  ;  5,  ascending  parietal  convolution  ;  6,  8,  supra-marginal  con- 
volution (8  in  front  points  to  part  of  the  inferior  frontal  convolution) ;  9,  9,  superior 
temporo-sphenoidal  convolution ;  10,  11,  12,  convolutions  of  the  island  of  Reil  or  central 
lobe;  13,  orbital  convolutions;  14,  lower  extremity  of  middle  temporo-sphenoidal  con- 
volution ;  15,  occipital  lobe. 

Convolutions.  The  ascmdwg  parietal  is  the  convolution  which  lies 
behind  the  fissure  of  Eolando,  and  parallel  to  the  ascending  frontal 
convolution,  with  Avhich  it  is  usually  continuous,  both  above  and  below, 
the  connection  below  being  much  larger  than  that  above.  In  its  lower 
half  the  ascendiug  p-arietal  convolution  lies  in  front  of  the  commence- 
ment of  the  intra-parietal  fissure.  Above,  it  is  continuous  with  the 
superior  parietal  lobule. 

The  superior  'parietal  loliile  (fig.  370)  is  that  part  of  the  parietal  lobe 
which  lies  above  the  intra-parietal  fissure,  and  behind  the  last  de- 
scribed convolution.  Its  posterior  limit  is  the  boundary  of  the  parietal 
lobe,  the  external  parieto-occipital  fissure,  outside  the  extremity  of 
which  a  narrow  convolution  usually  connects  this  lobule  with  the  occi- 
pital lobe,  and  u  termed  the  first  connecting  or  annectant  convolution. 

The  inferior  parietal  loluh  (fig.  370)  lies  behind  the  ascending  and 
below  the  horizontal  part  of  the  intra-parietal  fissure.  It  is  divided 
somewhat  artificially  into  two  convolutions,  a  supramarginal  gyrus, 
above  and  in  front  of  the  extremity  of  the  Sylvius  fissure,  and  an  angular 
gyrus  behind  it. 

The  supra-marginal  convolution  (s,  m.  c.)  lies  behind  the  lower  end  of 
the  intra-parietal  sulcus,  beneath  which  it  is  usually  continuous  with 
the  ascending  parietal  convolution.     It  is  bounded  above  by  the  same 
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fissure,  and  passes  into  the  angular  gyrus  above  the  extremity  of  the 
fissure  of  Sylvius,  except  in  the  rare  instances  in  Tvhich  the  Sylvian 
fissure  is  prolonged  into  the  intra-parietal  sulcus. 

Pig.  372.— Upper  Sur-  Fig.  372. 

FACE  OP  THE  BrAIN 
SHOWING  THE  CONYO- 

LuxiONS      (from     S. 
Wagner),     i 

Tliis  view  was  taken 
from  tiie  brain  of  a 
famous  mathematician, 
Professor  C.  F.  Graiiss, 
who  died  in  1S54-,  aged 
78.  It  is  selected  as 
an  examj)le  of  a  well- 
formed  brain  of  the 
average  size  Avith  fully 
developed  convolutions. 

a,  superior  or  iirst 
frontal  convolution  ;  a', 
second  or  middle  frontal ; 
«",  third  or  inferior 
frontal  ;  A,  A,  ascend- 
ing frontal  convolution  ; 
B,  B,  ascending  parietal 
convolution  ;  b,  supe- 
rior parietal  lobule  ;  h", 
inferior  parietal  lobule ; 

c,  first  or  upper  temporo- 
sphenoidal  convolution  ; 

d,  first  or  upper  occipi- 
tal convolution  ;  d', 
second  or  middle  ;  d", 
third  or  lower  ;  I,  I,  the 
superior  longitudinal  fis- 
sure ;  r,   the  fissure  of 

Rolando  ;  ^j,  the  external  parieto-occipital  fissure  (which  appears,  in  consequence  of  the 
position  of  the  brain,  nearer  than  it  really  is  to  the  posterior  extremity). 

The  ««^«far  gyrus  (ang.c.)  is  bounded  in  front  by  the  terminal  ascending 
portion  of  the  fissure  of  Sylvius,  above  by  the  intra-parietal  sulcus,  below 
it  is  continuous  with  the  superior  (and  sometimes  with  the  middle) 
temporo-sphenoidal  convolution,  and  behind  with  the  occipital  lobe  by 
means  of  one  or  two  (second  and  third)  annectant  convolutions. 

The  Occipital  Iiobe  (fig.  370)  lies  behind  the  parietal,  and  forms 
the  posterior  extremity  of  the  hemisphere.  Below,  it  is  continuous  with 
the  temporo-sphenoidal  lobe.  It  occupies  the  superior  fossa  of  the 
occipital  bone,  and  rests  on  the  tentorium.  Its  limits  are  to  a  consider- 
able extent  artificial.  In  front  it  is  bounded  by  the  external  parieto- 
occipital fissure,  and  by  a  line  continuing  the  direction  of  the  fissure 
across  the  annectant  convolutions  to  meet  the  inferior  boundary  of  the 
parietal  lobe,  and  thence  continued  to  the  lower  edge  of  this  surface 
at  the  anterior  edge  of  the  tentorium. 

Its  convolutions,  complex  and  ill-defined,  are  commonly  described  as 
three  in  number,  superior,  middle,  and  inferior.  They  are  continuous 
with  the  convolutions  of  the  parietal  and  temporo-sphenoidal  lobes  by  the 
four  annectant  or  connecting  convolutions,  of  which  t\iQ  first,  passing  round 
the  extremity,  or  in  rare  cases  deeply  across  the  bottom,  of  the  external 
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parieto  occipital  fissure,  connects  the  superior  occipital  convolution  with 
the  superior  parietal  lobule,  the  second  unites  the  raiddle  occipital  and 
angular  conv'olution,  the  third  often  connects  the  same  convolutions,  and 
also  with  them  the  middle  temporo-sphenoidal,  and  the  fourth  connects 
the  inferior  occipital  with  the  middle  or  inferior  temporo-sphenoidal 
convolution. 

Fissures. — The  three  occipital  convolutions  are  separated  by  two 
fissures,  the  superior  and  inferior  occipital,  of  which  the  superior  is  often 
continuous  with  the  intra-parietal.  Its  lower  part  may  have  a  more 
or  less  vertical  direction,  and  has  then  been  termed  the  transverse 
occipital. 

The  Temporo-sphenoidal  lobe  (fig.  370,  &c.)  is  bounded  in  front 
and  above  by  the  commencement  and  posterior  limb  of  the  fissure  of 
Sylvius.  Behind,  it  is  continuous  with  the  occipital  lobe.  Three 
nearly  parallel  convolutions  can  usually  be  distinguished;  a  superior 
bounding  below  the  posterior  limb  of  the  Sylvian  fissure,  and  con- 
tinuous behind  with  the  angular  convolution,  a  middle  continuous  with 
the  angular  gyrus,  or  middle  occipital  convolution,  by  the  fourth  annec- 
tant  gyrus  and  an  inferior  continuous  with  the  inferior  occipital.  These 
convolutions  are  separated  by  two  fissures,  of  which  the  superior,  from 
its  relation  to  the  Sylvian  fissure  has  been  termed  the  parallel  fissure. 
The  inferior  is  commonly  interrupted  by  a  secondary  gyrus  connecting 
the  middle  and  inferior  convolutions. 

The  Central  Lobe,  or  Island  of  Reil  (figs.  371,  10,  12  ;  fig.  376, 
c),  lies  deeply  within  the  fissure  of  Sylvius,  being  rarely  visible  except 
when  the  lips  of  that  fissure  are  separated.  It  is  a  triangular  eminence 
forming  a  sort  of  Delta  between  the  two  divisions  of  that  fissure,  and 
consists  of  about  six  short,  straight  convolutions  (gyri  operti)  which 
radiate  outwards  from  a  point  just  external  to  the  anterior  perforated 
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373. — Convolutions  of  the  Median  and  Tentoeial  Sttepaces  of  Eight  Hemi- 
sphere.    From  a  simply  Convoluted  European  Brain.     About  \ 

Marg.  c,  marginal  convolution;  g.  forn.,  gyi'us  fornicatus  or  convolution  of  the 
corpus  callosum  ;  unc.  c,  uncinate  convolution;  i.  oc. -temp,  c,  inferior  occipito -temporal 
convolution ;  d.  c. ,  dentate  convolution  ;  /.  Jio. ,  depression  corresponding  to  the  upper 
extremity  of  the  fissure  of  Rolando  ;  pai:  -oc.  f. ,  parieto-occipital  fissure  ;  cole.  f. ,  cal- 
carine  fissure;  coll.  /.,  collateral  fissure  ;  d.  /.,  dentate  fissure  ;  t.  h.  taenia  hippocampi. 
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spot.  Its  anterior  convolution  is  continuous  at  ths  bottom  of  the 
limiting  sulcus  with  the  adjacent  posterior  orbital :  its  posterior  con- 
volution joins  the  temporo-sphenoidal  lobe.  Externally  it  is  separated 
by  a  deep  sulcus  from  the  contiguous  convolutions  of  the  operculum, 
i.  e.,  the  extremity  of  the  ascending  parietal,  ascending  frontal,  and 
inferior  frontal  convolution.  The  island  of  Reil  covers  the  extra- 
ventricular  nucleus  of  the  corpus  striatum.  It  appears  earlier  than 
any  other  division  of  the  cerebrum,  both  in  the  foetus  and  in  the  animal 
series. 

The  Internal  or  Median  and  Tentorial  Surface  (fig.  373),  as 
already  said,  does  not  present  the  same  division  into  lobes  as  does 
the  external  surface. 

Fissures. — The  internal  part  of  the  parieto-occipiial  fissure  is  con- 
tinuous, at  the  margin  of  the  longitudinal  fissure,  with  the  external  por- 
tion. Thence  it  extends  downwards  and  forwards,  presenting  a  slight 
curve  with  the  convexity  forwards,  and  blends  with  the  calcarine  fissure. 

The  calcarine  fissure  commences  at  the  posterior  extremity  of  the 
hemisphere,  usually  in  a  bifurcated  manner,  and  extends  forwards  to 
terminate  beneath  the  posterior  extremity  of  the  corpus  callosum.  It 
is  joined  by  the  parieto-occipital  fissure. 

The  caUoso-mar(ji?ial  fissure  (c  mf)  commences  beneath  the  anterior 


Fig.    374. — ElSHT     HALF    OF    THE    BeAIN    DIVIDED    BY    A    VERTICAL    AnTERO-PoSTEUIOR 

Section  (from  various  sources  and  from  nature).     (Allen  Thomson.)     ^ 

po,  parieto-occipital  fissure  ;  cc,  posterior  extremity  of  calcarine  fissure  ;  1 , 1,  marginal 
convolution ;  2,  2,  gyrus  fornicatus  ;  3,  3,  3,  secondary  convolutions  passing  between 
this  and  the  preceding ;  3a,  quadrate  lobule  ;  Zh,  cuneate  lobule  ;  4,  the  fifth  ventricle, 
and  above  it  the  divided  corpus  callosum  ;  5,  the  third  ventricle  (see  fig.  384) ;  5', 
pituitary  body  ;  6,  corpora  quadrigemina  and  peneal  gland  ;  + ,  the  fourth  ventricle ; 
7,  pons  Varolii ;  8,  meduUa  oblongata  ;  9,  cerebellum  i,  the  olfactory  bulb  ;  ii,  the 
right  optic  nerve,  the  commissure  cut  through  ;  iii,  right  third  nerve. 
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extremity  of  the  corpus  callosum,  and  courses  first  forwards,  then  up- 
•wards,  and  then  backwards,  parallel  with  the  edge  of  the  longitudinal 
fissure,  and  finally  turns  upwards  to  end  at  this  edge  just  behind  the 
position  of  the  upper  extremity  of  the  fissure  of  Rolando.  It  separates 
the  marginal  convolution  from  the  convolution  of  the  corpus  callosum, 
hence  its  name. 

Convolntions. — The  nim^ginal  convolution  commences  in  front  of  the 
anterior  perforated  spot,  and  extends  along  the  edge  of  the  longitudinal 
fissure  as  far  as  the  termination  of  the  calloso-marginal  fissure  at  the 
upper  margin  of  this  surface.  Over  this  margin  it  is  continuous  with 
the  superior  frontal  convolution,  and  its  continuation  (straight  convo- 
lution) on  the  orbital  surface.  It  is  commonly  broken  up  by  secondary 
fissures,  one  of  which  often  runs  parallel  to  part  of  the  calloso-marginal 
fissure.  A  secondary  convolution  not  uncommonly  connects  it  with  the 
next  gyrus. 

The  convolution  of  the  corjMs  callosum,  gyrus  fornicatus  (g.  forn.,  fig. 
373),  commences  near  the  anterior  perforated  spot,  and,  turning  round 
the  anterior  extremity  of  the  corpus  callosum  runs  backwards  along  its 
upper  surface,  and  then,  bending  down  behind  its  posterior  extremity, 
takes  the  name  of  the  uncinate  convolution.  On  its  outer  side  is  the 
calloso-marginal  fissure  as  far  as  the  latter  extends. 

The  quadrate  lobule  (pr^ecuneus),  is  a  four-sided  area  lying  between 
the  internal  part  of  the  parieto-occipital  fissure  behind,  and  the  termi- 
nation of  the  calloso-marginal  fissure  in  front.  It  is  variously  sub- 
divided into  small  gyri,  of  which  the  highest  is  continuous  with  the 
superior  parietal  lobule,  and  the  lowest  forms  part  of  the  gyrus  forni- 
catus. 

The  cuneate  lolule  (occipital  lobule)  is  a  wedge-shaped  area  lying 
between  the  internal  parieto-occipital  and  the  calcarine  fissures. 

Occipito-temporal  region. — The  convolutions  of  the  lower  part  of 
the  occipital  lobe  and  the  inner  temporo-sphenoidal  convolutions  are 
continuous,  and  may  be  considered  together  as  three  in  number. 

The  siqoerior  occipito-temporcd  convolution  {uncinate  or  hijipocamjial 
convolution)  extends  from  near  the  posterior  extremity  of  the  hemisphere 
to  the  anterior  portion  of  the  temporo-sphenoidal  lobe,  lying  at  first 
beneath  the  calcarine  fiissure,  and  then  beneath  the  dentate  fissure.  Its 
anterior  extremity  is  rounded  into  a  hook  called  by  Vicq-d'Azyr  the 
"crotchet;"  hence  its  name.  Beneath  the  posterior  extremity  of  the 
corpus  callosum  this  convolution  is  joined  by  the  gyrus  fornicatus,  in 
front  of  the  calcarine  fissure. 

The  inferior  occipito-temporal  convolution  has  a  similar  extent  and 
parallel  course,  reaching  through  the  occipital  and  temporo-sphenoidal 
lobes  of  which  it  forms  the  lower  margin. 

A  middle  occipito-temporal  convolution  may  be  sometimes  distinguished 
between  the  two  just  described. 

The  dentate  or  hippocampal  fissure  commences  within  the  posterior 
extremity  of  the  gyrus  fornicatus,  which  separates  it  from  the  calcarine 
fissure.  Thence  it  extends  downwards  and  forwards,  ending  below  in 
the  notch  of  the  uncinate  convolution.  Its  floor  is  formed  by  grey 
matter,  called  the  fascia  dentata  (see  p.  548).  This  fissure  corresponds 
to  the  elevation  of  the  hippocampus  major  within  the  lateral  ventricle. 

The  collateral  fissure  lies  below  the  uncinate  gyrus  and  parallel  to  the 
calcarine  and  dentate  fissures.     It  extends  beneath  the  floor  of  the 
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descending  cornea  of  the  lateral  ventricle,  where  it  corresponds  to  the 
lower  part  of  the  erainentia  collateralis. 

Base  of  the  Cerebrum  (fig.  375). — From  the  front  of  the  pons 
Varolii,  two  white  masses  extend,  marked  on  the  surface  with  longi- 
tudinal strife,  and  having  somewhat  the  appearance  of  large  bundles  of 
fibres.  They  pass  forwards  and  outwards  to  enter  the  inner  and  under 
part  of  the  right  and  left  cerebral  hemispheres,  of  which  they  are  the 
pedimdes  or  crura.  Immediately  before  entering  the  corresponding 
hemisphere,  each  is  crossed  by  a  flattened  white  cord,  named  the  optic 
trad  (fig.  376),  which,  adhering  by  its  upper  border  to  the  peduncle, 
is  directed  forwards  and  inwards,  and  meets  in  front  with  its  fellow  of 


Fig.  375. 


Fig.  375. — Base  of  thl  __  fith  the  Origins  of  the  Cekebral  Nerves. 

(Allen  TKomson. )     -| 

This  figure  is  taken  from  an  adult  male  brain  wliicli  had  been  hardened  in  alcohol. 

1,  superior  longitudinal  fissure  ;  2,  within  it  the  straight  olfactory  tract  and  sulcus  for 
the  convolution;  2',  orbital  convolutions;  2",  inferior  frontal  convolution;  3,  3,  3, 
fissure  of  Sylvius  ;  4,  4,  4,  temporo-sphenoidal  lobe  ;  5,  5',  occipital  lobe  ;  6,  on  the 
right  anterior  pyramid  of  the  medulla  oblongata  above  the  decussation  ;  7,  amygdaloid 
lobe  of  the  cerebellum  ;  8,  biventral  lobe  ;  9,  lobulus  gracilis  ;  10,  posterior  inferior 
lobe  ;  + ,  the  inferior  vermiform  process  ;  I,  olfactory  bulb  ;  Y,  the  tract  divided  on 
the  left  side  ;  II,  in  the  anterior  perforated  spot,  marks  the  right  optic  nerve ;  the  left 
has  been  cut  short  ;  III,  on  the  right  crus  cerebri,  denotes  the  third  pair  ;  IV,  the  fourth 
pair  ;  V,  the  trigeminus  ;  VI,  on  the  j^ons  Varolii,  the  sixth  ;  VII,  also  on  the  pons 
Varolii,  the  facial  with  the  auditory  nerve  on  its  outer  side  ;  VIII,  on  the  right  lobe  of 
the  cerebellum  below  the  horizontal  fissure  and  the  flocculus,  indicates  the  group  of 
nerves  below  the  auditoiy,  i.  e.,  the  glosso-pharyngeal,  pneumogastric,  and  spinal 
accessory  ;  IX,  on  the  upper  part  of  the  left  amygdaloid  lobe,  denotes  the  hj'po- 
glossal  nerve  ;  X,  on  the  same,  the  suboccipital  nei-ve. 
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the  opposite  side  to  form  the  optic  commissure,  from  the  fore  part  of 
which  the  optic  nerves  proceed. 

Limited  behind  by  these  diverging  peduncles,  and  in  front  by  the 
converging  optic  tracts,  is  a  lozenge-shaped  interval,  called  the  interpe- 
duncular space,  in  which  are  found,  in  series  from  behind  forwards,  the 


Fig.   376.  Fig.    376.— View     from 

BEFORE  OP  THE  ME- 
DULLA Oblongata, 
Pons  Varolii,  Crura 
Cerebri,  and  other 
Central   Portions   op 

THE  EnCEPHALON. 

(Allen  Thomiion.) 

On  the  right  side  the 
convTilutions  of  the  cen- 
tral lobe  or  island  of  Eeil 
have  been  left,  together 
with  a  small  part  of  the 
anterior  cerebral  conTolu- 
tions :  on  the  left  side 
these  have  been  removed 
by  an  incision  carried 
between  the  thalamus 
optiens  and  the  cerebral 
hemisphere. 

1',   the   olfactory  tract 
cut  short  and  lying  in  its 
groove  between  two  con- 
volutions ;     II,    the    left 
optic  neiwe   in    front    of 
the  commissiu-e  ;  11',   the 
right  optic  tract ;  Th,  the 
cut  surface    of    the    left 
thalamus  opticus  ;  G,  the 
central  lobe  or  island  of 
Seil  ;       Sy,     fissure      of 
Sylvius  ;      X       x ,     locus 
perforatus    anterior  ;     e, 
the  external,   and  i,    the 
internal    corpus     genicu- 
latum  ;  h,  the  hypophysis 
cerebri  or  pituitary  body  ; 
tc,   tuber   cinereum   with 
the  infundibulum  ;  a,  one 
of  the  corpora  albicantia  ; 
P,   the  cerebral  peduncle 
or   crus  ;    /,    the    fillet ; 
III,    close    to     the    left 
oculo-motor    nerve  ;      x , 
the  locus  perforatus  pos- 
ticus ;  PV,  pons  Varolii ; 
V,  the  greater  root  of  the  fifth  nerve  ;    + ,  the  lesser  or  motor  root  ;  on  the  right  side 
this  +  is  placed  on  the  Gasserian  ganglion,  and  points  to  the  lesser  root,  where  it  proceeds 
to  join  the  inferior  maxillary  nerve  ;  ophthalmic  division  of  the  fifth  nerve  ;  2,  superior 
maxillary  division    ;  3,  inferior  maxillary  division  ;  VI,    the  sixth  nerve  ;  VII  a,   the 
facial  ;  VII   h,  the  auditory  nerve  ;  VIII,  the  pneumo-gastric  nerve  ;  VIII  a,  the  glosso- 
pharyngeal  ;  VIII  h,  the  spinal  accessory  nerve  ;  IX,  the  hypoglossal  nerve  ;  /  I,  the  floc- 
culus ;  f  h,  the  horizontal  fissure  of  the  cerebellum  {Ce)  ;  a  vi,  the  amygdala  ;  2^  a,  the 
anterior  pyramid  ;  o,  the  olivary  body  ;  r,  the  restiform   body  ;  d,  the  anterior  median 
fissure  of  the  spinal  cord,  above  which  the  decussation  of  the  pyramids  is  represented  ; 
c  a,  the  anterior  column  ;  c  I,  the  lateral  column  of  the  spinal  cord  ;  C  I,  the  suboccipital 
or  first  cervical  nerve. 
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posterior  perforated  space,  the  corpora  albicantia,  and  the  tuber  cinereiim, 
from  "which  is  prolonged  the  infimdibukim  attached  to  the  pituitary 
body. 

The  posterior  perforated  space  (locus  perforatus  posticus)  (fig. 
376,  X  )  is  a  deep  fossa  situated  between  the  peduncles,  the  bottom  of 
"which  is  composed  of  greyish  matter,  connecting  the  diverging  crura 
together.  It  is  perforated  by  numerous  small  openings  for  the  passage 
of  blood-vessels  ;  and  some  horizontal  white  strias  usually  pass  out  of  the 
grey  matter  and  turn  round  the  peduncles  immediately  above  the  pons. 

The  corpora  albicantia  or  mammillaria  are  two  round  white  emi- 
nences in  front  of  this  fossa,  each  about  the  size  of  a  small  pea,  sm*- 
rounded  by  grey  matter,  and  connected  together  across  the  middle  line. 

The  corpora  albicantia  are  formed,  as  "will  hereafter  be  explained,  by  tlie 
anterior  extremities  of  the  fornix  ;  hence  they  have  also  been  named  bulbs  of 
the  fornix.  In  the  fcetns  they  are  at  iirst  blended  together,  and  they  become 
separated  about  the  beginning  of  the  seventh  month.  In  most  vertebrate  animals 
there  is  but  one  white  eminence  or  corpus  albicans  in  their  place. 

The  tuber  cinereum  (fig.  376,  /  c)  is  a  lamina  of  grey  matter  extending 
forwards  from  the  corpora  albicantia  to  the  optic  commissure,  to  which 
it  is  attached,  and  forming,  as  afterwards  described,  part  of  the  floor  of 
the  third  ventricle.  In  the  middle  it  is  prolonged  into  a  hollow  conical 
process,  the  infundibulum,  to  the  extremity  of  which  is  fixed  the 
pituitary  body. 

The  pituitary  body  or  ]uj2^of)hysis  cerebri  (fig.  376,  h),  formerly  called 
pituitary  gland,  from  its  being  erroneously  supposed  to  discharge  pituita 
into  the  nostrils,  is  a  small  reddish  grey  mass,  of  a  somewhat  flattened 
oval  shape,  widest  in  the  transverse  direction,  and  occupying  the  sella 
turcica  of  the  sphenoid  bone.  It  consists  of  two  lobes,  of  which  the 
anterior  is  larger,  and  concave  behind,  where  it  embraces  the  smaller 
posterior  lobe.  Its  weight  is  from  five  to  ten  grains.  In  the  adult  it  is 
solid,  and  of  a  firm  consistence. 

The  anterior  lobe  consists  of  two  kinds  of  matter,  one  hard  and 
grey,  the  other,  situated  within,  softer  and  of  a  yellowish-white  colour. 
The  posterior  lobe  is  darker  and  redder  than  the  anterior.  Both  are 
very  vascular. 

The  pituitary  body  appears  to  approach  in  structure  to  the  vascular 
or  ductless  glands,  such  as  the  thyroid  and  suprarenal  bodies,  &c.  Ac- 
cording to  Sharpey's  observations,  with  which  those  of  subsequent 
"writers  agree,  it  differs  greatly  in  structure,  at  least  in  its  anterior  and 
larger  lobe,  from  any  other  part  of  the  encephalon.  The  substance  of 
the  anterior  lobe  appears  to  be  constituted  by  a  membranous  tissue 
forming  httle  round  cavities  or  loculi,  which  are  packed  full  of  nu- 
cleated cells.  The  loculi  are  formed  of  transparent,  simple  membrane, 
with  a  few  fibres  and  corpuscles  resembling  elongated  cell-nuclei  dis- 
posed round  their  walls.  The  cells  contained  in  the  cavities  are  of 
various  sizes  and  shapes,  and  not  unlike  nerve-cells  or  ganglion-globules  ; 
they  are  collected  into  round  clusters,  filling  the  cavities,  and  are  mixed 
with  a  semi-fluid  granular  substance.  This  thin  granular  matter,  to- 
gether with  the  cells  and  little  specks  of  a  clear  glairy  substance  like 
mucus,  can  be  squeezed  from  the  cut  surface,  in  the  form  of  a  thick, 
white,  cream-like  fluid. 

In  the  foetus,  the  pituitaiy  body  is  proportionally  large,  and  contains  a  ca"vity 


535  THE   CEREBHUM. 

■u'hicli  communicates,  tlirougli  that  of  the  infundibuhun,  Avith  the  third  ventricle. 
This  body  is  constantly  present,  and  has  the  same  connection  with  the  brain  in 
all  vertebrate  animals. 

The  optic  coniniissure,  or  cMasma  (fig.  375),  is  constituted  by  the 
union  of  the  two  optic  tracts  in  front  of  the  tuber  cinereum,  and  from  it 
the  two  optic  nerves  proceed.  In  it  the  nerve  fibres  of  each  side  undergo 
a  partial  decussation.  The  larger  proportion  of  the  fibres  of  each  optic 
tract  cross  over  to  the  opposite  side,  a  smaller  proportion  proceed  to 
the  eye  on  the  same  side,  and  other  fibres  are  said  to  pass  from  one 
optic  tract  to  the  other  along  the  posterior  portion  of  the  commissure, 
while  others  pass  from  one  nerve  to  the  other  along  the  anterior  part  of 
the  commissure.  Thus  each  angle  is  rounded  by  fibres  which  pass 
between  its  adjacent  limbs.  The  optic  tracts  are  said  to  receive  an 
accession  of  fibres  from  the  lamina  cinerea,  and  also  from  the  ''  basal 
optic  ganglion,"  a  collection  of  grey  matter  which,lies  on  the  outer  side 
of  the  tuber  cinereum,  and  is  the  source  of  fibres  which  pass  immediately 
without  decussation,  to  the  optic  nerve  of  the  same  side. 

In  the  middle  line  of  the  base  of  the  brain,  in  front  of  the  optic 
commissure,  is  the  anterior  portion  of  the  great  longitudinal  fissure, 
which  passes  down  between  the  hemispheres.  At  a  short  distance  in 
front  of  the  commissure,  this  fissure  is  crossed  transversely  by  a  white 
mass,  which  is  the  anterior  recurved  extremity  of  the  corpus  callosum. 
On  gently  turning  back  the  optic  commissure,  the  lamina  cinerea  is 
seen,  a  thin  connecting  layer  of  grey  substance,  occupying  the  space 
between  the  corpus  callosum  and  the  commissure,  and  continuous  above 
the  commissure  with  the  tuber  cinereum.  It  is  connected  at  the  sides 
with  the  grey  substance  of  the  anterior  perforated  space,  and  forms 
part  of  the  anterior  boundary  of  the  third  ventricle  :  it  is  somewhat 
liable  to  be  torn  in  removing  the  brain  from  the  skull ;  and,  in  that 
case,  an  aperture  would  be  made  into  the  fore  part  of  the  third 
ventricle. 

At  a  short  distance  outwards  from  the  lamina  cinerea  is  the 
anterior  perforated  space  (locus  perforatus  anticus),  a  depression 
near  the  entrance  of  the  Sylvian  fissure,  floored  with  grey  matter,  and 
pierced  with  a  multitude  of  small  holes  for  the  passage  of  blood-vessels, 
most  of  which  are  destined  for  the  corpus  striatum, — the  adjacent  por- 
tion of  the  brain  beneath  which  it  lies. 

The  grey  surface  of  each  perforated  space  is  crossed  by  a  broad  white 
band,  which  may  be  traced  from  the  middle  of  the  under  surface  of  the 
corpus  callosum  in  front,  backwards  and  outwards  along  the  side  of 
the  lamina  cinerea  towards  the  entrance  of  the  Sylvian  fissure.  These 
bands  of  the  two  sides  are  named  the  pechincles  of  iJie  corpics  callosum. 

Olfactory  tract  and  bulb  (figs.  375,  1,  and  376,  1'). — From  the 
front  of  the  anterior  perforated  spot  a  nerve-like  process  extends — the 
olfactory  tract.  It  is  lodged  in  a  hollow  (olfactory  sulcus)  in  the  under 
(orbital)  surface  of  the  frontal  lobe,  close  to  the  longitudinal  fissure. 
It  ends  anteriorly  in  an  oval  swelling — the  olfactory  bulb,  which  con- 
sists chiefly  of  grey  substance,  and  gives  origin  to  the  small  nerves 
which  proceed,  through  the  foramina  of  the  ethmoid  bone,  to  the  nose. 
Traced  backwards,  the  olfactory  tract  is  connected  with  the  cerebrum 
by  three  roots.  The  outer  root  passes,  as  a  white  streak,  outwards  and 
backwards  along  the  anterior  margin  of  the  perforated  space,  towards 
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the  Sylvian  fissure,  where  it  disappears.  It  has  been  traced  by  different 
observers  to  the  island  of  Eeil,  the  optic  thalamus  (Valentin),  and  to  a 
nucleus  in  the  substance  of  the  temporo-sphenoidal  lobe,  in  front  of 
the  anterior  extremity  of  the  hippocampus.  (Rolando,  Foville,  Luys.) 
The  middle,  or  grey  root  (tuber  olfactorium),  is  of  pyramidal  shape, 
and  consists  of  grey  substance  on  the  surface,  prolonged  from  the  adja- 
cent part  of  the  anterior  lobe  and  anterior  perforated  space.  Within 
it  are  some  white  fibres,  which  have  been  said  by  some  to  join  the  inner 
root,  by  others  to  be  connected  with  the  corpus  striatum.  The  inner 
root  consists  of  white  fibres,  which  pass  to  the  inner  and  posterior  part 
of  the  anterior  lobe,  and  are  believed  to  be  connected  with  the  extremity 
of  the  gyrus  fornicatns,  or  to  pass  over  to  the  opposite  hemisphere. 

When  the  entire  encephalon  is  viewed  from  below,  the  back  part  of 
the  under  surface  of  the  cerebrum  is  concealed  by  the  cerebellum  and 
the  pons  Varolii.  If,  however,  these  parts  be  removed,  it  will  be  seen 
that  the  two  hemispheres  of  the  cerebrum  are  separated  behind  as  they 
are  in  fi'ont,  by  the  descent  of  the  great  longitudinal  fissure  between 
them,  behind  the  posterior  extremity  of  the  corpus  callosum. 

INTERNAL.  PARTS  OF  THE  CEREBRUM. 

The  anatomy  of  the  interior  of  tlie  cerebrum  is  most  conveniently 
studied  by  removing  successive  portions  of  the  hemispheres  by  hori- 
zontal sections,  beginning  from  above. 

The  first  horizontal  section  to  be  made  about  half  an  inch  above  the 
corpus  callosum,  displays  the  internal  white  matter  of  each  hemisphere, 
speckled  with  red  spots  where  its  blood-vessels  have  been  divided,  and 
surrounded  on  all  sides  by  the  grey  matter  which  is  seen  to  follow 
closely  the  convoluted  surface,  and  to  be  of  nearly  equal  thickness  at 
all  points.  This  white  central  mass  in  each  hemisphere  was  named  by 
Vicq-d'Azyr  centrum  ovale  minus.  On  separating  the  remaining  por- 
tions of  the  two  hemispheres  from  each  other,  two  sulci  are  seen  to  exist 
between  the  corpus  callosum  and  the  gyri  immediately  in  contact  with 
it,  viz.,  the  gyrus  fornicatns  of  each  side. 

Another  section  being  made  at  the  level  of  the  corpus  callosum,  the 
white  substance  of  that  part  is  seen  to  be  continuous  with  the  internal 
medullary  matter  of  both  hemispheres  :  and  the  large  white  medullary 
mass  thus  displayed,  surrounded  by  the  border  of  cortical  substance,  con- 
stitutes what  is  generally  described  as  the  centrum  ovale  of  Vieussens. 

The  corpus  caUosum  or  great  coinniissxire  (trabs  cerebri) 
(fig.  377)  connects  the  centres  of  the  two  hemispheres.  It  is  a  white 
structure,  with  a  length  not  quite  half  that  of  the  brain,  and  ap- 
proaches nearer  to  the  front  than  the  back  of  the  hemispheres.  It  is 
about  an  inch  in  width  behind,  and  somewhat  narrower  in  front.  Its 
thickness  is  greater  at  the  ends  than  in  the  middle,  and  is  greatest 
behind,  where  it  is  nearly  half  an  inch.  It  is  arched  from  before 
backwards.  Its  upper  surface  is  distinctly  marked  by  transverse  fur- 
rows, which  indicate  the  direction  of  the  greater  number  of  its  fibres. 
It  is  also  marked  in  the  middle  by  a  longitudinal  line,  the  raphe, 
which  is  bounded  laterally  by  two  white  tracts,  placed  close  to  each 
other,  named  sir  ice  longituclinales,  or  nerves  of  Lancisi  (fig.  377,  3).  On 
each  side,  near  the  margin,  are  seen  other  longitudinal  lines  (strige 
longitudinales  laterales)  occasioned  by  a  few  scanty  white  fibres. 
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In  fi'ont,  the  corpus  callosum  is  reflected  downwards  and  backwards, 
between  the  anterior  lobes,  forming  a  bend  named  the  genu  (fig,  377, 5). 
The  inferior  or  reflected  portion,  which  is  named  the  rostrum,  becomes 
gradually  narrow  as  it  descends,  and  is  connected  by  means  of  the 
lamina  cinerea  with  the  optic  commissure.  It  also  gives  off  the  two 
bands  of  white  substance,  already  noticed  as  the  peduncles  of  the  corpus 
callosum,  which,  diverging  from  one  another,  run  backwards  across 
the  anterior  perforated  space  on  each  side  to  the  entrance  of  the  Syl- 
vian fissure. 

Behind,  the  corpus  callosum  terminates  in  a  free  thickened  border, 
the  under  surface  of  which  is  also  free  for  a  short  distance. 

The  under  surface  of  the  corpus  callosum  is  connected  behind  with 
the  fornix,  a  structure  to  be  presently  described,  and  in  the  rest  of  its 

Fig.  377. 


Pig.  377. — YiEw  OF  THE  Coapus  Callosum  fho^i  asove  (from  Sappey  after  Foville).     J 

The  upper  surface  of  the  corpus  callosum  has  been  fully  exposed  \>j  separating  the 
cerebral  hemispheres  and  throwing  them  to  the  side  ;  the  gyrus  fornicatus  has  been 
detached,  and  the  transverse  fibres  of  the  corpus  callosum  traced  for  some  distance  into 
the  cerebral  medullary  substance. 

1,  the  upper  surface  of  the  corpus  callosum  ;  2,  median  fuiTOw  or  raphe  ;  3,  longi- 
tudinal strite  bounding  the  furrow  ;  4,  swelling  formed  by  the  transverse  bands  as  they 
pass  into  the  cerebrum  ;  5,  anterior  extremity  or  knee  of  the  corpus  callosum  ;  6,  pos- 
terior extremity  ;  7,  anterior,  and  8,  posterior  part  of  the  mass  of  fibres  proceeding  from 
the  corpus  callosum  ;  9,  margin  of  the  swelling  ;  10,  anterior  part  of  the  convolution  of 
the  corpus  callosum  ;  11,  fissure  between  the  corpus  callosum  and  its  convolution  opened 
out ;  outside  12,  is  the  termination  of  the  calloso-marginal  fissure,  and  behind  14  is  the 
parieto-occipital  fissure,  and  between  the  two  the  quadrate  lobule  ;  13,  upper  surface  of 
the  cerebellum. 
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length  with  the  septnin  hicidum,  a  Tertical  partition  between  the  two 
lateral  ventricles. 

Although  it  presents  a  few  longitudinal  white  fibres  on  its  surface,  the  corpus 
callosum  consists  almost  entirely  of  fibres  having  a  transverse  course  towards 
each  side,  and  spreading  in  a  radiating  manner  into  the  substance  of  the  two 
hemispheres.  As  the  transverse  fibres  from  the  anterior  and  posterior  portions  of 
the  cerebrum  are  necessarily  aggregated  in  large  numbers  near  the  corresponding 
ends  of  the  corpus  callosum,  its  gi-eater  thickness  at  those  points,  in  comparison 
with  the  rest  of  its  extent,  is  accounted  for  ;  and,  since  the  posterior  lobe 
reaches  further  beyond  the  corpus  callosum  than  the  anterior,  the  greater  thick- 
ness behind  is  also  explained. 

Lateral  ventricles,  or  ventrkidi  tricornes. — By  making  a  longi- 
tudinal cut  through  the  corpus  callosum  at  a  short  distance  on  each 
side  of  the  middle  line,  and  about  midway  betAveen  the  two  ends  of 
the  hemispheres,  an  opening  is  made  into  the  right  and  left  lateral 
ventrides  of  the  brain  (fig.  378).  These  ventricles  form  part  of  the 
general  ventricular  space  within  the  cerebrum  ;  they  are  serous  cavi- 

Fig.  378. 


i-iig.  378. — HoEizoNTAL  Section  of  the  Buain  showing  the  Lateral  Ventricles  and 
THE  Fifth  Ventricle  opened  (from  Sappey  after  Vicq-d'Azyr).     i 

1,  the  fifth  ventricle  ;  2,  the  two  laminEe  of  the  septum  lucidnm  meeting  in  front  of 
it  ;  3,  lesser  hippocampus  of  the  posterior  cornu  ;  4,  horizontal  section  of  the  posterior 
swelling  of  the  corpus  callosum  ;  5,  middle  part  of  the  fornix,  where  it  has  been  separated 
from  the  corpus  callosum  ;  6,  posterior  pillar  of  the  fornix  ;  7,  hippocampus  major 
descending  in  the  middle  cornu  ;  8,  eminentia  collateralis  ;  9,  lateral  parts  of  the  fornix ; 
10,  choroid  plexus  ;  11,  tsenia  semicircularis  ;  12,  corpus  striatum. 
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ties,  and  are  lined  by  a  delicate  epitheliated  structure,  the  ependyma 
rcniricidonim,  "which,  at  certain  parts  in  the  adult,  and  probably 
throughout  its  whole  extent  in  the  foetus,  is  provided  with  cilia.  In 
the  natural  state  the  walls  of  the  ventricles  are  moistened  internally 
witli  a  serous  fluid,  which  sometimes  exists  in  considerable  quantity, 
even  in  a  healthy  brain. 

It  was  formerly  a  subject  of  dispute  wlietlier  tlie  lining  of  the  ventricles 
consisted  of  epithelium  only,  or  also  of  a  membrane.  It  is  now  recognised 
that  a  peculiar  form  of  connective  tissue  is  found  throughout  the  substance 
of  the  brain,  similar  to  that  which  has  been  described  in  the  spinal  cord,  and 
like  it  called  neuroglia.  A  layer  of  this  substance,  unmixed  with  nerve- 
tissues,  but  in  dii'ect  continuity  with  the  interstitial  web,  and  not  a  distinct  mem- 
brane, supports  the  epithelium. 

The  form  of  the  epithelial  cells  appears  to  vary  in  different  parts  ;  these  cells 
being,  according  to  KoUiker,  of  the  flat  pavement  kind  in  the  third  ventricle, 
and  more  spherical  in  the  lateral  ventricles ;  and,  according  to  Geiiacli,  cylin- 
drical in  the  aqueductus  Sylvii. 

From  the  central  part  or  body  of  each  lateral  ventricle  the  cavity 
is  extended  forwards,  backwards,  and  downwards,  thus  forming  an 
anterior,  a, posterior,  and  a  middle  or  descending  cornu  (fig.  371). 


Fig.  379. 


white  matter  ;  s,    s,  taenia  semicirciilaris  ;  y, 


Yig.  379.— The  Lateral 
Ventkicles  opened  bv 
A  Horizontal  Section, 
AND  the  Middle  Cornu 
exposed  on  the  right 

SIDE.       J 

a,  h,  anterior  and  pos- 
terior parts  of  the  gi-eat 
longitudinal  fissiu'e  ;  c, 
section  of  the  anterior  pai-t 
of  the  corpus  callosum  ;  d, 
posterior  part  of  the  same  ; 
c,  the  left  choroid  i^lexus  ; 
/,  the  foi-nix  ;  g,  the  an- 
terior ;  h,  the  posterior, 
and  q,  the  descending 
cornu  of  the  lateral  ven- 
tricle ;  Ic,  Jc,  corpora 
striata ;  I,  I,  optic  tha- 
himi  ;  n,  n,  right  and  left 
hilDpocamiDus  minor  ;  o, 
posterior  pillar  of  the  for- 
nix ;  V,  the  corpus  fimbri- 
atum  into  which  it  passes  ; 
q,  cornu  ammonis  or  pes 
hippocampi  ;  h,  the  medul- 
lary substance  of  the  cere- 
bral hemisijhere  ;  r,  part 
of  the  cortical  substance 
showing  alternate  grey  and 
eminentia  collateralis. 


The  lodij  of  each  lateral  ventricle  is  roofed  by  the  corjDus  callosum, 
and  is  separated  from  its  fellow  by  a  vertical  partition,  the  septum 
hicidum  (fig.  878,  2),  which  descends  from  the  corpus  callosum  to 
the  fornix.     In  the  floor  of  the  ventricle  there  is  seen  behind  one  half 
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of  the  forinx,  M'hicli  is  a  thin  layer  of  white  brain-substance,  broad 
behind  and  narrow  in  front  (fig.  378,  9)  :  external  and  anterior  to  this 
is  the  clwroid  iihxus  of  the  lateral  ventricle  (fig.  378,  10),  a  red  vascular 
fringe,  forming  the  border  of  the  velum  mterpositwn,  a  fold  of  pia  mater 
extending  inAvards,  on  which  the  fornix  rests  :  external  and  anterior  to 
the  choroid  plexus  is  the  anterior  and  outward  part  of  the  ojitic  thalamus, 
appearing  from  beneath  it  (fig.  379,  /) ;  outside  and  in  fi'ont  of  the 
thalamus  is  the  cor^nis  striatum  ;  and  between  these  two  bodies  is  a 
narrow  flat  band,  the  tania  semicircular  is. 

The  anterior  cornu  (fig.  379,  g)  is  the  blind  anterior  extremity  of 
the  ventricle,  projecting  a  little  way  into  the  white  substance  of  the 
frontal  lobe.  It  is  covered  by  the  corpus  callosum,  and  turns  forwards 
and  outwards  round  the  anterior  free  extremity  of  the  corpus  striatum, 
descending  as  it  proceeds,  and  bounded  behind  by  that  body,  and 
in  front  by  the  reflected  part  of  the  corpus  callosum. 

The  middle  or  descending  cornu  turns  round  the  back  part  of  the  optic 
thalamus,  which  appears  in  its  cavity  and  forms  its  anterior  boundary, 
while  its  remaining  boundaries  are  formed  by  the  hemisphere.  At  its 
commencement  it  is  directed  backwards  and  outwards  ;  then,  passing 
downwards  with  a  sweep,  it  curves  forwards,  and  at  its  extremity  has  a 
marked  inclination  inwards.  The  principal  object  seen  upon  the  floor 
of  the  cornu  is  the  hippocamjms  major  (pes  hippocampi  or  cornu 
ammonis),  a  large  Avhite  eminence  extending  the  whole  length  of  the 
cornu  (figs.  379,  381,  G,  6').     The  hippocampus  major  becomes  enlarged 


Fig.  380. — A  Deep  "View  of 
THE  Lateral  Ventricles 
and  their  cornua  avith  the 
Velum  Interposituji.     4 

Tlie  fornix  lias  been  divided 
near  its  anterior  ]>illars  and 
turned  back,  c,  the  anterior 
part  of  the  corpus  callosum 
divided  ;  e,  the  lyra  on  tlie 
lower  surface  of  the  corpus 
callosum  and  fornix  ;  /,  ante- 
rior pillars  of  the  fornix  divided 
(these  are  represented  of  too 
large  a  size);  g,  anterior,  and 
A,  ijosterior  cornu  of  the  lateral 
ventricle ;  h,  k,  corpora  striata ;  q, 
hippocampus  major  in  the  lower 
part  of  the  middle  cornu  ;  r,  r, 
thalami  optici ;  s,  s,  taenia  se- 
micircularis  ;  t,  t,  choroid 
plexus  ;  V,  velum  interpositum  ; 
X,  X,  posterior  i^illars  of  the 
fornix  ;  y,  eminentia  collate- 
ralis. 

towards  its  anterior  and 

lower   extremity,   and  is 

indented  or  notched  on 

its  edge,  so  as  to  present 

some  resemblance  to  the  paw  of  an  animal,  whence  it  has  been  called 

the  pes  hippocampi.    The  white  fibres  of  its  surface  form  only  a  thin 
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layer,  and  beneath  them  is  cineritious  matter  continuous  with  that  of 
the  surface  of  the  hemisphere.  Along  the  inner  edge  of  this  eminence  is 
seen  a  narrow  white  band,  named  corpus  fimbriatum  or  imiia  hippocampi 
(tig.  381,  6),  which  is  prolonged  from  the  fornix  ;  to  the  inner  side  of 
the  tfBnia  is  a  part  of  the  choroid  plexus,  and  next  to  that  the  back  of 


Fig.  381.  Fig.  381,  A. — Lower  and  Back  Part  of  the 

Cerebrum  of  the  Left  Side,  showing  the 
Posterior  and  Descending  Cornua  of  the 
Lateral  Ventricle  opened  (altered  from 
Hirschfeld  and  Leveille).     h, 

1,  Apex  of  temporo-splienoidal  lobe  ;  1',  un- 
cinate convolution  ;  2,  cut  surface  of  the  cere- 
bral hemisphere  ;  3,  point  of  the  posterior 
cornu  of  the  lateral  ventricle  ;  3',  eminentia 
collateralis  ;  4,  cut  surface  of  the  lower  and 
back  part  of  the  corpus  callosum  divided  near 
the  middle  ;  4',  placed  on  the  extension  of  the 
corpus  callosum  into  the  cerebral  hemisphere, 
points  by  a  line  to  the  hippocampus  minor  in 
the  posterior  cornu  ;  5,  cut  edge  of  the  posterior 
pillar  of  the  fornix  passing  down  at  5',  into 
the  hippocampus  major  and  corpus  fimbriatum  ; 
6,  placed  on  the  hippocampus  major  points  to 
the  continuation  of  the  corpus  fimbriatum  or 
tffinia  hippocampi ;  6',  lower  part  of  hippo- 
campus major  ;  7,  fascia  dentata  on  the  inside 
of  the  white  substance  of  the  taenia. 

Fig.  381,  B. — Section  of  the  Eight  Hippo- 
campus Major  to  show  the  arrangement 
OF  THE  Grey  and  White  Substance  (from. 
Mayo). 

a,  white  layer  on  the  surface  of  the  hii^po- 
campus  ;  h,  grey  substance  which  is  involuted 
from  the  surface  of  the  neighbouring  convolution ; 
c,  fascia  dentata  ;  d,  uncinate  convolution ;  be- 
tween c  and  d  dentate  fissure  ;  e,  (jjlaced  on 
the  eminentia  collateralis)  cavity  of  the  lateral 
ventricle. 

the  optic  thalamus.  This  cornu  differs 
from  the  others  in  respect  that  it  is 
not  a  mere  cul-de-sac,  but,  by  the 
separation  of  the  membranes,  can  be  made  to  communicate  in  its  whole 
length  with  the  surface  of  the  brain  by  the  fissure  through  which  the 
choroid  plexus  enters. 

The  posterior  cornu  projects  backwards  into  the  substance  of  the 
posterior  lobe.  At  its  extremity  it  is  pointed,  and  directed  inwards. 
On  its  inner  side  is  a  curved  and  pointed  longitudinal  eminence, 
named  hippocampus  minor,  ergot,  or  calcar  avis ;  and  at  the  junction  of 
the  posterior  with  the  descending  cornu,  between  the  hippocampus 
major  and  minor,  is  a  smooth  eminence,  named  eminentia  collateralis, 
or  pes  accessorius,  which  may  extend  some  way  down  the  descending 
cornu  behind  the  great  hippocampus. 

The  hippocampus  minor  is  only  the  convex  side  of  the  fold  of 
cortical  substance  which  forms  the  calcarine  sulcus,  and  in  like  manner 
the  eminentia  collateralis  corresponds  with  the  posterior  branch  of  the 
fissure  of  Sylvius. 
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The  hippocami^us  minor  is  not  peculiar  to  the  human  brain,  but  has  been 
found  in  the  brains  of  quachumana.  In  the  human  subject  the  posterior  comu 
varies  greatly  in  size,  and  tlie  hippocampus  minor  is  still  more  variable  in  its 
development,  being  sometimes  scarcely  to  be  recognised,  and  at  others  propor- 
tionally larg-e.  It  is  usually  most  developed  where  the  posterior  cornu  is  longest ; 
but  the  length  of  the  posterior  comu,  and  prominence  of  the  hippocampus  minor, 
are  by  no  means  in  propoi'tion  to  the  dimensions  of  the  hemisphere,  but  rather 
seem  to  be  associated  with  thinness  of  both  the  medullary  and  the  cortical 
substance. 

The  septum  Iticidum  (fig.  378)  is  a  thiu  translucent  partition,  placed 
between  the  two  lateral  ventricles.  It  extends  vertically  between  the 
corpus  callosum  above,  and  the  anterior  part  of  the  fornix  below  ;  and, 
as  the  latter  sinks  down  in  front  away  from  the  corpus  callosum,  the 
septum  is  deep  before  and  narrow  behind,  in  form  somewhat  resem- 
bling an  obovate  leaf.  Anteriorly  it  lies  in  the  hollow  of  the  bend  of 
the  corpus  callosum,  in  front  of  the  fornix. 

The  septum  lucidum  is  double,  being  composed  of  two  distinct 
laminas,  having  an  interval  between  them,  which  contains  fluid  and  is 
lined  by  an  epitheliated  membrane.  This  is  the^fth  ventricle,  ventricle 
of  the  septum,  or  Sylvian  ventricle. 

Each  of  the  laminse  of  the  septum  which  form  the  sides  of  the  fifth 
ventricle,  consists  of  a  layer  of  white  substance  on  the  middle,  and  a 
layer  of  grey  matter  upon  each  surface. 

In  the  human  embryo,  and  also  in  some  animals,  the  cavity  of  this  ventricle 
communicates  with  that  of  the  thii-d  ventricle  in  front  and  below ;  but  in  the 
adult  human  brain  it  forms  a  separate  and  insulated  cavity.  Tarin  described  a 
small  fissure  in  it  between  the  pillars  of  the  fornix ;  but  this  is  unusual.  In. 
disease  it  is  sometimes  distended  with  fluid. 

The  fornix  (fig.  379,/)  is  an  arched  band  of  white  longitudinal 
fibres,  which  appears  partly  in  the  floor  of  both  lateral  ventricles.  Ic 
consists  of  two  lateral  halves,  whicli  are  separated  ii'om  each  other  in 
front  and  behind,  but  between  those  points  are  joined  together  in  the 
mesial  plane.  The  two  parts  in  front  form  the  anterior  intlars  of  the 
fornix  ;  the  middle  conjoined  part  is  named  the  lochj ;  and  the  hind 
parts,  which  are  again  seuarated  from  each  other,  form  the  posterior 
"pillars. 

The  l)odij  of  the  fornix  is  triangular  in  shape,  being  broad  and 
flattened  behind,  where  it  is  connected  with  the  under  surface  of  the 
corpus  callosum,  and  narrower  in  front  as  it  dips  down  to  leave  that 
body, — the  space  betAveen  them  being  filled  up  by  the  septum  lucidum. 
Its  lateral  edges  are  in  contact  with  the  choroid  plexuses,  and  its  under 
surface  rests  upon  the  velum  interpositum.  The  space  beneath  the 
velum  interpositum,  and  between  the  two  optic  thalami,  forms  the  third 
ventricle,  to  be  afterwards  described. 

The  anterior  crura  ox  inllars  of  the  fornix  (fig.  383,  e),  cylindrical  in 
form,  descend,  slightly  apart  from  each  other,  through  a  quantity  of  grey 
matter  on  the  sides  of  the  third  ventricle,  between  the  corpora  striata. 
Curving  backwards  as  they  descend,  they  reach  the  corpora  albicantia. 
There  each  crus  turns  upon  itself,  making  a  twisted  loop  which  forms 
the  wdiite  portion  of  the  corpus  albicans  of  its  own  side,  and  ascends 
to  enter  the  substance  of  the  optic  thalamus.  These  crura  are  con- 
nected with  the  peduncles  of  the  pineal  gland,  and  with  the  taenia 
semicircularis,  as  will  be  afterwards  described. 
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Immediately  behind  the  anterior  pillars  is  an  interval  on  each  side 
between  the  anterior  part  of  the  fornix  and  the  groove  where  the  optic 
thalamus  and  corpus  striatum  meet.  This  interval  leads  from  the 
lateral  ventricle  to  the  third  ventricle.  The  openings  of  opposite  sides, 
passing  downwards  and  backwards,  meet  in  the  middle  line  below,  and 
thus  is  produced  a  passage,  single  below,  but  dividing  into  two  branches 
above,  somewhat  like  the  letter  Y,  and  forming  a  communication 
between  the  third  ventricle  and  both  lateral  ventricles.  This  passage 
is  named  the  foramen  ofllonro,  ovforame?i  commune  anterius. 

T\\Q  ■posterior  crura  or  pillars  of  the  fornix  (fig.  378,  6)  are  the  diverging 
continuations  backwards  of  the  two  flat  lateral  bands  of  which  the  body 
is  composed.  At  first  they  adhere  to  the  under  surface  of  the  corpus 
callosum,  then,  curving  outwards,  each  crus  enters  the  descending  cornu 
of  the  corresponding  lateral  ventricle,  where  part  of  its  fibres  are 
bestowed  on  the  surface  of  the  great  hippocampus  and  the  remainder  are 
prolonged  as  a  narrow  band  of  white  matter,  named  tcmia  Mppocamp)! 
or  corpus  fimiriatimi,  which  skirts  the  conca.ve  margin  of  the  hippo- 
campus major,  and  extends  to  its  extremity. 

On  examining  the  under  surface  of  the  fornix  and  corpus  callosum, 
there  are  seen  posteriorly  the  thickened  border  or  pad,  and  in  front  of 
it  the  diverging  halves  of  the  fornix,  between  which  a  triangular  portion 
of  the  corpus  callosum  appears,  marked  with  transverse,  longitudinal, 
and  oblique  lines.  To  this  part  the  term  hjra  has  been  applied 
(fig.  382, 12). 

The  transverse  fissure  of  tlie  cerebrum  is  the  passage  by  which 
the  pia  mater  passes  from  the  surface  into  the  ventricles  of  the  brain  to 
form  the  choroid  plexus.  It  may  be  laid  open  in  its  whole  extent,  after 
the  lateral  ventricles  have  been  opened,  by  completely  dividing  the 
fornix  and  corpus  callosum  in  the  middle  line,  and  raising  the  divided 
parts  from  the  undisturbed  velum  interpositum  below.  It  will  then  be 
found  that,  in  like  manner,  the  posterior  and  middle  portions  of  the  brain, 
including  the  hippocampus  major  and  corpus  fimbriatum,  may  be  raised 
from  the  subjacent  parts  as  far  as  the  extremity  of  the  descending 
cornu  of  the  lateral  ventricle.  The  transverse  fissure  is,  therefore,  a 
fissure  extending  from  the  extremity  of  the  descending  cornu  on  one 
side,  over  the  constricted  part  of  the  cerebrum,  to  the  extremity  of  the 
descending  cornu  of  the  other  side.  It  is  bounded  above  by  the 
corpus  callosum  and  fornix  in  the  middle,  and  more  externally  on  each 
side  by  a  free  margin  of  the  hemisphere  :  inferiorly  it  is  bounded  near 
the  middle  line  by  the  corpora  quadrigemina,  and  on  each  side  by  the 
posterior  part  of  the  optic  thalamus. 

In  the  free  margin  of  the  hemisphere,  brought  into  view  by  opening 
out  the  part  of  the  transverse  fissure  which  leads  into  the  descending 
cornu  of  the  lateral  ventricle,  there  are  seen  (fig.  381)  (1st)  the  ribbon- 
like ledge  formed  by  the  corpus  fimbriatum,  along  the  hippocampus 
major :  (2nd)  beneath  this,  a  small  grey  indented  ridge,  the  fascia 
dentata ;  and  (3rd)  beneath  the  fascia  dentata,  the  gyrus  hippocampi. 
On  making  a  transverse  section  (fig.  381,  B),  it  is  seen  that  the  corpus 
fimbriatum  forms  the  free  margin  of  the  white  substance  of  the  hemi- 
sphere, and  that  the  fascia  dentata  is  the  free  margin  of  the  cortical 
substance,  and  is  continuous  with  the  grey  matter  of  the  hippocampus 
major,  and  that  thus  the  hippocampus  major  is  the  swelling  in  reverse 
of  the  sulcus  between  the  fascia  dentata  and  gyrus  hippocampi  (uncinate 
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convolution).  The  fascia  dentata  can  be  traced  up  to  the  pad  or  bour- 
relet :  its  upper  part  is  free  of  dentations,  and  is  sometimes  named 
fasciola  cinerea.  The  dentations  correspond  with  blood-vessels  passing' 
to  and  from  the  choroid  plexus. 


Fig.  382, 


Fig.  3S2. 


-View  of  the  Uppee  Sueface  of  the  Velum  Interpositum,  Choroid  ?'^ 
AND  CoRPOPvA  Striata  (from  Sappey  after  Vicq-d'Azyr).     | 


xtrs, 


1,  fore  part  of  the  tela  choroidea  or  velum  interpositnm  ;  2,  choroid  plexus  ;  3,  left 
vein  of  Galen  partly  covered  by  the  right ;  4,  small  veins  from  the  front  of  the  corpus 
callosum  and  the  septum  lucidum  ;  5,  veins  from  the  corpus  striatum  ;  6,  convoluted 
marginal  vein  of  the  choroid  plexus  ;  7,  vein  rising  from  the  thalamus  opticus  and  corpus 
striatum  ;  8,  vein  proceeding  from  the  inferior  cornu  and  hippocampus  major  ;  9,  one 
from  the  posterior  cornu  ;  10,  anterior  pillars  of  the  fornix  divided  in  front  of  the  fora- 
men of  Monro  ;  11,  fornix  divided  near  its  fore  part  and  turned  backwards  ;  12,  lyra  ;  13, 
posterior  pillar  of  fornix  united  with,  14,  the  corpus  callosum  behind,  and  covered  by 
the  choroid  plexus  as  it  descends  into  the  inferior  cornu. 

The  velum  interpositum  or  tela  choroidea  (fig.  382),  the  mem- 
brane which  connects  the  choroid  plexuses  of  the  two  sides  together,  is 
a  prolongation  of  the  pia  mater  through  the  transverse  fissure.  It 
corresponds  in  extent  with  the  fornix,  which  rests  upon  its  upper  sur- 
face ;  and  its  more  highly  vascular  free  borders,  projecting  into  the 
lateral  ventricles,  form  the  choroid  plexuses. 

The  choroid  plexuses  (fig.  382,  2)  appear  like  two  knotted  fringes 
reaching  from  the  foramen  of  Monro,  where  they  meet  together  beneath 
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the  fornix,  to  the  point  of  each  descending  eornu.  They  consist  of  a 
highly  vascular  villous  membrane.  The  villi  with  which  they  are 
covered  are  again  divided  upon  their  surfaces  and  at  their  borders  into 
small  processes,  along  which  fine  vessels  are  seen  to  run.  Numerous 
small  vessels  pass  between  the  plexuses  and  the  surface  of  the  corpora 
striata,  as  well  as  other  neighbouring  parts,  and  the  epithelium  of  the 
ventricles  is  continued  over  their  surface.  Thus  it  is  only  at  the 
foramen  of  Monro  that  the  epithelial  lining  of  the  lateral  ventricles  is 
continuous  with  that  of  the  third  ventricle. 

The  epithelium  changes  its  character  where  it  covers  the  plexus.  It  is  there 
composed  of  large  spheroidal  corpuscles,  in  each  of  ■which  is  seen,  besides  a 
distinct  nucleus,  several  yellowish  granules,  and  one  or  more  dark  round  oil- 
drops.  According  to  Henle  each  of  these  cells  is  provided  with  short,  slender, 
acuminate,  transparent,  and  colourless  jjiocesses. 

On  raising  the  velum  interpositum,  two  slight  vascular  fringes  are 
seen  running  along  its  under  surface,  and  diverging  from  each  other 
behind.     They  form  the  choi'oid plexuses  of  the  third  ventricle. 

The  choroid  artery  enters  the  velum  interpositum  at  the  point  of  the 
descending  cornu  ;  and  other  arteries  enter  from  behind,  beneath  the 
corpus  callosum.  The  greater  number  of  the  veins  terminate  in  two 
principal  vessels  named  the  veins  of  Gl-alen,  which  run  backwards  on 
the  velum  interpositum,  and  passing  out  beneath  the  corpus  callosum 
pour  their  blood  into  the  straight  sinus,  having  generally  first  united 
into  a  single  trunk. 

The  velum  having  been  removed,  the  optic  thalami  are  brought  fully 
into  view,  together  with  the  cavity  of  the  third  ventricle  situated 
between  them,  while,  behind  the  third  ventricle,  between  it  and  the 
upper  surface  of  the  cerebellum,  are  seen  the  pineal  bod}^,  the  corpora 
quadrigemina,  the  valve  of  Vieussens,  and  the  superior  peduncles  of  the 
cerebellum. 

The  third  ventricle  is  a  narrow  longitudinal  cleft  placed  between 
the  optic  thalami,  which  bound  it  on  its  two  sides.  It  is  covered  above 
by  the  velum  interpositum  and  the  fornix.  Beneath,  its  floor  is  formed 
by  the  following  parts,  which  have  been  already  described  as  seen  on 
the  base  of  the  cerebrum  ;  viz.,  commencing  from  behind,  the  posterior 
perforated  space,  the  corpora  albican tia,  the  tuber  cinereum  and  infundi- 
bulum,  and  the  lamina  cinerea,  the  last  of  which  also  serves  to  close  it 
in  front,  as  high  as  the  anterior  commissure.  Behind,  is  the  anterior 
opening  of  the  aqueduct  of  Sylvius.  The  cavity  is  crossed  by  three 
commissures,  named  from  their  position,  anterior,  middle,  and  posterior. 

The  middle  or  soft  commissure  is  composed  almost  entirely  of  grey 
matter,  and  connects  the  two  thalami.  It  is  variable  in  size,  and  some- 
times Avanting  ;  it  is  liable  to  be  torn  across  in  examining  the  brain. 

The  anterior  commissure  is  a  round  bundle  of  white  fibres,  placed 
immediately  in  front  of  the  anterior  pillars  of  the  fornix,  and  crossing 
between  the  corpora  striata.  It  marks  the  anterior  boundary  of  the 
ventricle  ;  its  fibres  extend  laterally  through  the  corpora  striata  a  long 
way  into  the  substance  of  the  cerebral  hemispheres,  connecting  the 
two  temporo-sphenoidal  lobes. 

The  posterior  commissure,  also  white  but  of  smaller  size,  is  placed 
across  the  back  part  of  the  ventricle,  between  the  posterior  parts  of  the 
thalami,  immediately  before  and  below  the  pineal  body,  with  which  and 
with  the  corpora  quadrigemina  it  is  intimately  connected.     It  consists 


INTERNAL  PAETS.  647 

of  transverse  white  fibres,  a  continuation  of  a  series  of  transverse  fibres 
wliich  underlie  the  corpora  quadrigemina.  Its  fibres,  passing  through 
the  thalami,  diverge  in  the  white  substance  of  the  hemisphere. 

The  corpora  striata  {anterior  cerel)ral  ganglia),  situated  in  front 
and  to  the  outer  side  of  the  optic  thalami,  are  two  large  ovoid  masses 
of  grey  matter,  the  greater  part  of  each  of  which  is  embedded  in  the 


Fig.  3S3. — Dissection  of  the  Bkain  from  abote,  exposing  the  Lateral,— Third,  anb 
Fourth  Ventricles,  with  the  surrounding  parts  (from  Hirschfeld  and  Leveille).     J 

a,  the  anterior  part  or  knee  of  the  corpus  callosum  divided  ;  its  fibres  are  seen  spreading 
on  each  side  into  the  cerebral  hemispheres  ;  h,  anterior  part  of  the  surface  of  the  right 
corpus  striatum  in  the  anterior  cornu  of  the  lateral  ventricle  ;  h' ,  the  same  on  the  left 
side,  in  which  the  grey  substance  has  been  dissected  so  as  to  show  the  peduncular  medul- 
lary fibres  spreading  through  the  corpus  striatum  into  the  cerebral  hemisphere  ;  c,  points 
by  a  line  to  the  taenia  semicircularis  ;  d,  surface  of  the  thalamus  opticus  ;  e,  the  anterior 
pillars  of  the  fornix  divided  ;  below,  they  are  seen  descending  in  front  of  the  tliird 
ventricle,  and  between  them  is  seen  a  part  of  the  anterior  commissure  ;  above  the  letter 
is  seen  the  fifth  ventricle  represented  as  a  slit  between  the  two  laminee  of  the  septum 
lucidum  ;  /,  placed  on  the  soft  or  middle  commissure  ;  g,  in  the  posterior  part  of  the  third 
ventricle  ;  on  either  side  of  this  letter  is  the  white  stria  or  peduncle  of  the  pineal  gland  ; 
immediately  below  the  letter  is  the  small  posterior  commissure  and  the  pineal  gland  ;  It, 
the  upper,  and  i,  the  lower  of  the  corpora  quadrigemina  ;  Tc,  superior  peduncle  of  cere- 
bellum ;  and  close  to  this  the  valve  cf  Vieussens,  which  is  partly  divided  by  a  median 
incision  along  with  the  middle  lobe  of  the  cerebellum,  so  as  to  open  up  the  fourth  ven- 
tricle ;  I,  the  hippocampus  major  and  corpus  fimbriatum  separated  from,  the  posterior 
pillar  of  the  fornix  and  descending  into  the  middle  cornu  of  the  lateral  ventricle  ;  m, 
posterior  cornu  of  the  lateral  ventricle  and  hijppocampus  minor  ;  n,  eminentia  collateralis  ; 
0,  the  cavity  of  the  fourth  ventricle  ;  p,  posterior  surface  of  the  medulla  oblongata  ;  r, 
section  of  the  middle  lobe  showing  the  arbor  vitfe  ;  s,  upper  surface  of  the  cerebellum 
brought  into  view  on  the  left  side  by  the  removal  of  the  posterior  extremity  of  the  left 
hemisphere. 
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middle  of  the  white  substance  of  the  hemisphere  of  the  brain,  whilst  a 
part  comes  to  the  surface  in  the  body  and  anterior  covnu  of  the  lateral 
ventricle.  This  intraventricular  portion  of  the  corpus  striatum  {nucleus 
ccmdatus)  is  of  a  pyriform  shape,  its  larger  end  being  turned  forwards, 
and  its  narrow  end  being  directed  outwards  and  backwards,  so  that  the 
optic  thalami  of  the  two  sides  are  received  between  the  diverging  corpora 
striata.  On  cutting  into  it,  there  may  be  seen  at  some  depth  from  the 
surface  white  fibres,  which  are  prolonged  from  the  corresponding  cere- 
bral peduncle,  and  give  it  the  streaked  appearance  from  which  it  has 
received  its  name. 

The  extraventricular  portion  of  the  corpora  striata,  nucleus  lenticulans, 
is  separated  from  the  intraventricular  part  by  a  layer  of  white  substance;. 

Fig.  384. 


Fig.  384. — Right  Half  op  the  Encephalic  Peduncle  and  Cerebellum  as  seen  fkom: 
THE  INSIDE  OF  A  Median  Section  (Allen  Thomson  after  Eeichert). 

II,  Tight  optic  nerve  ;  II'  optic  commissure  divided  ;  III,  right  third  nerve  ;  VI, 
sixth  nerve  ;  V  3,  third  ventricle  ;  Th,  back  part  of  the  thalamus  opticus  ;  H,  section  of 
the  ijituitary  body  ;  A,  corpus  albicans  ;  P,  pineal  gland  ;  c  a,  points  by  a  lower  line  to 
the  anterior  commissure  divided,  and  by  an  upper  line  to  the  divided  anterior  pillar  of 
the  fornix  ;  I  c,  lamina  cinerea  ;  i,  infundibulum  (cavity) ;  t  c,  tuber  cinereum  ;  /,  mark 
of  the  anterior  pillar  of  the  fornix  descending  in  the  wall  of  the  third  ventricle  ;  c  m, 
commissure  mollis  ;  s  p,  stria  pinealis  or  peduncle  of  pineal  gland  ;  c  p,  jjostei-ior  com- 
missure, above  it  the  peduncle  of  the  pineal  gland,  and  below  it  the  upper  end  of  the 
passage  to  the  fourth  ventricle  ;  Q,  corpora  quadrigemina  (section)  ;  a  s,  aqueduct  of 
Sylvius  near  the  fourth  ventricle  ;  P  V,  pons  Varolii  divided  in  the  middle  ;  M,  medulla 
oblongata  ;  p  a,  right  anterior  pyramid  ;  p  d,  decussating  bands  cut  across  ;  p  p,  posterior 
pyramids  ;  c,  central  canal,  divided,  with  grey  substance  surrounding  it.  In  the  cerebel- 
lum, a  V,  stem  of  white  substance  in  the  centre  of  the  middle  lobe  of  the  cerebellum, 
ramifying  towards  the  arbor  vita"  ;  s  v,  superior  vermiform  process  or  vertical  portion  of 
the  middle  lobe  ;  s  c,  single  folium,  which  passes  across  between  the  posterior  superior 
lobes,  c',  the  folia,  which  unite  the  posterior  inferior  lobes  ;  p,  pyramid  ;  u,  uvula  ; 
■n,  nodule  ;  1,  part  of  the  lamina  of  the  square  lobe  ;  2,  posterior  superior  lobe  ;  3,  pos- 
terior inferior  lobe  ;  4,  lobulus  gracilis  ;  5,  bi ventral  lobe  ;  6,  amygdaloid  lobe. 
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and  is  seen  only  on  section  of  the  hemisphere.  Its  horizontal  section  re- 
sembles that  of  a  biconvex  lens,  being  wider  in  the  centre  than  at  either 
end,  hence  its  name.  Its  antero-posterior  diameter  corresponds  closely 
with  that  of  the  Island  of  Reil,  and  its  greatest  width  is  opposite  the 
anterior  edge  of  the  optic  thalamus.  On  a  transverse  vertical  section 
through  the  middle  it  appears  triangular,  the  apex  of  the  triangle 
being  directed  inwards,  and  two  clear  lines,  parallel  to  the  outer  side, 
divide  it  into  three  zones,  of  which  the  outer  is  striated  and  the  inner 
slightly  reddish  in  tint.  On  its  outer  side  is  the  grey  lamina,  termed 
the  daustrum  (p.  564). 

Along  the  inner  border  of  each  corpus  striatum,  and  in  a  depression 
between  it  and  the  optic  thalamus,  is  seen  a  narrow  whitish  semitrans- 
parent  band,  named  tmiia  semmrcularis,  or  stria  terminalis  (fig.  383,  c), 
which  is  continued  backwards  into  the  white  substance  of  the  roof  of 
the  descending  cornu  of  the  ventricle.  In  front  it  reaches  the  corre- 
sponding anterior  pillar  of  the  fornix,  and  descends  in  connection  with 
that  cord  of  white  substance. 

The  thalami  optici  {posterior  cerebral  ganglia)  {d,  fig.  383)  are  of  an 
oval  shape,  and  rest  on  the  corresponding  cerebral  crura,  which  they  in  a 
manner  embrace.  On  the  outer  side  each  thalamus  is  bounded  by  the 
corpus  striatum  and  tsenia  semicircularis.  The  upper  surface,  which  is 
Avhite,  is  free  and  prominent,  and  is  partly  seen  in  the  lateral  ventricle, 
and  partly  covered  by  the  fornix.  The  part  which  is  seen  in  the  lateral 
ventricle  is  more  elevated  than  the  rest,  and  is  named  the  anterior 
tulercJe.  The  posterior  and  inner  part  of  the  upper  surface,  beneath  the 
fornix,  is  likewise  prominent  and  is  termed  the  j^osterior  tubercle  (pul- 
■vinar)  (th,  in  fig.  384),  The  posterior  surface,  which  is  also  white  and 
free,  projects  into  the  descending  cornu  of  the  lateral  ventricle.  The 
inner  sides  of  the  two  thalami  are  in  partial  contact  one  with  the 
other.  They  present  grey  substance  uncovered  with  white,  and  are 
generally  connected  together  by  a  transverse  portion,  which  forms  the 
middle  or  soft  commissure  of  the  third  ventricle.  According  to  Mey- 
nert,  the  grey  matter  on  the  inner  surface  is  distinct  from  that  of  the 
interior  of  the  thalamus. 

The  pineal  body  or  gland  (conarium)  (fig.  383)  is  a  sman  reddish 
body,  which  is  placed  beneath  the  back  part  of  the  corpus  callosum,  and 
rests  upon  the  anterior  elevation  of  the  corpora  quadrigemina.  It  is  ad- 
herent to  the  under  surface  of  the  velum  interpositum,  so  that  it  is  liable 
to  be  torn  away  from  the  brain  in  removing  that  membrane.  It  is  about 
the  size  of  a  smaU  cherry-stone.  Its  base  of  attachment,  which  is  its 
broader  part,  is  directed  forwards,  and  is  connected  with  the  rest  of  the 
cerebrum  by  white  substance.  This  white  substance  is  principally 
collected  into  two  small  rounded  bundles,  named  peduncles  of  the  pineal 
gland  (fig.  384,  s  p),  which  pass  forwards  upon  the  optic  thalami  along 
their  upper  and  inner  borders,  and  may  be  traced  as  far  as  the  anterior 
pillars  of  the  fornix,  in  conjunction  with  which  they  descend.  These 
peduncles  are  connected  with  each  other  behind,  and  the  band  of  union 
between  them  is  adlierent  to  the  back  of  the  posterior  commissure. 

The  pineal  gland  is  very  vascular.  It  is  hollowed  out  into  two  or 
more  cells,  which,  sometimes  at  least,  open  anteriorly  into  the  ventricle, 
and  almost  always  contain,  beside  a  viscid  fluid,  many  round  and 
angular  corpuscles  densely  massed  together,  and  a  quantity  of  gritty 
matter,  named  acervidus  cerebri.    This  consists  of  microscopic  round 
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particles,  aggregated  into  small  compound  masses,  which  are  again 
collected  into  larger  groups.  It  is  composed  of  the  so-called  amyla- 
ceous or  amyloid  bodies,  and  of  earthy  salts  combined  with  animaJ 


Fig.  3?5. 


Pig.  385. — View  op  the  Medulla  Oblongata,  Tons  Varolii,  Ckura  Cerebri,  and 
Central  Parts  of  the  Encbphalon  from  the  Right  Side.     (Allen  Thomson.) 

The  corpus  striatum  and  thalamus  opticus  have  been  preserved  in  connection  with  the 
central  lobe  and  crura  cerebri,  while  the  remainder  of  the  cerebrum  has  been  removed. 

St,  upper  surface  of  the  coi-piis  striatum  ;  Th,  back  part  of  the  thalamus  opticus  ;  C, 
placed  on  the  middle  of  the  five  or  six  convolutions  constituting  the  central  lobe  or  island 
of  Reil,  the  cerebral  substance  being  removed  from  its  circumference  ;  Sy,  fissure  of 
Sylvius,  from  which  these  convolutions  radiate,  and  in  which  are  seen  the  white  striae  of 
the  olfactory  tract  ;  I,  the  olfactory  tract  divided  and  hanging  down  from  the  gi'oove  in 
the  convolution  which  lodges  it  ;  II,  optic  nerves  a  little  way  in  front  of  the  commissure  ; 
n,  right  corpus  albicans  with  the  tuber  cinereum  and  infundibulum  in  front  of  it ;  h, 
hypophysis  or  pituitary  body  ;  e,  external,  and  i,  internal  corpus  geniculatum  at  the  back 
part  of  the  optic  tract  ;  P,  peduncle  or  crus  of  the  cerebrum  ;  /,  fillet  ;  III,  right  ocu2o- 
m'otor  nerve  ;  p,  pineal  gland  ;  q,  corpora  quadrigemina  ;  IV,  trochlear  nerve  rising  from 
V,  the  valve  of  Vieussens  ;  V,  placed  on  the  pons  Varolii  above  the  right  ner^oas  trige- 
minus ;  s,  the  superior,  m,  the  middle,  and  in,  the  inferior  peduncles  of  the  crus  cerebelli 
cut  short  ;  VI,  the  sixth  nerve  ;  VII  a,  facial  nerve  ;  VII  b,  auditory  nerve  ;  on  the 
medulla  oblongata  the  parts  are  indicated  as  follows  :  VIII,  placed  opposite  to  the  cut  end 
of  the  pneumo-gastric  nerve  ;  a,  the  glosso-pharyngeal  ;  and  b,  the  uppermost  fibres  of 
the  spinal  accessory  nerve  ;  IX,  the  hypoglossal  nerve  ;  p  a,  anterior  pyramid  ;  o,  olivary 
body  ;  a  r,  arciform  fibres  ;  p  p,  posterior  pyramid  ;  r,  restiform  body  ;  tr,  eminence 
corresponding  to  the  tubercle  of  Rolando  ;  at  the  commencement  of  the  spinal  cord,  c  a, 
indicates  the  anterior,  c  p,  the  posterior,  and  c  I,  the  lateral  columns  ;  G  I,  anterior  and 
posterior  roots  of  the  suboccipital  or  first  cervical  nerve. 
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matter,  \\z.,  phosphate  and  carbonate  of  lime,  with  a  little  phosphate 
of  magnesia  and  ammonia  (Stromeyer).  It  is  found  at  all  ages,  fre- 
quently in  young  children,  and  sometimes  even  in  the  foetus.  It 
cannot,  therefore,  be  regarded  as  the  product  of  disease. 

Beneath  the  peduncle  of  the  pineal  gland,  is  a  collection  of  grey 
matter  distinct  from  the  rest  of  the  thalamus  and  called  the  ganglion  of 
the  peduncle  of  the  pineal  gland  (ganglion  of  the  habenula).  Fibres 
arise  from  it  and  pass  down  to  the  crus. 

This  sabulous  matter  is  frequently  found  on  the  outside  of  the  pineal  body,  or 
even  deposited  upon  its  peduncles.  It  is  found  also  in  the  choroid  plexuses  ;  and 
scattered  corpora  amylacea  occui-  in  other  parts  of  the  membranes  of  the  brain. 
Huschke  has  pointed  out  that  the  pineal  body  is  larger  in  the  child  and  the 
female  than  in  the  adult  male.  In  the  brains  of  other  mammals  it  is  propor- 
tionally lai-ger  than  in  the  human  subject,  and  less  loaded  with  the  matter  of 
acervulus  cerebri. 

^^Tiether  the  pineal  gland  consists  of  nerve-tis3ue  is  still  uncertain.  Meynert 
regards  it  as  one  of  the  centres  for  the  fibres  of  the  crus,  but  Henle  and  others 
consider  that  it  resembles  most  the  supra-renal  capsules. 

The  corpora  or  tnberciila  qiiadrigenuiia  are  four  roundea  emi- 
nences, separated  by  a  crucial  depression,  and  placed  two  on  each  side 
of  the  middle  line,  one  pair  before  the  other.  They  are  connected  with 
the  back  of  the  optic  thalami,  and  with  the  cerebral  peduncles  at  either 
side ;  and  they  are  placed  above  the  passage  leading  from  the  third  to 
the  fourth  ventricle. 

The  upper  or  anterior  tubercles  {nates)  are  somewliat  larger  and 
darker  in  colour  than  the  posterior  {testes).  In  the  adult,  both  pairs 
are  solid,  and  are  composed  of  white  substance  on  the  surface,  and 
of  grey  matter  within.     (See  p.  563.) 

They  receive  bands  of  white  fibres  from  below,  the  majority  of  which 
are  derived  from  the  fillet  (see  p.  55G).  A  white  cord  also  passes  up  on 
each  side  fi'om  the  cerebellum  to  the  corpora  quadrigemina,  and  is 
continued  onwards  to  the  thalami :  these  two  white  cords  are  the  pro- 
cessus a  cerelello  ad  cerebrum,  or  superior  peduncles  of  the  cerebellum. 
At  each  side  of  the  corpora  quadrigemina  there  proceed  outwards  two 
white  bands,  prominent  on  the  surface  and  sometimes  named  anterior 
and  posterior  irachia.  The  fibres  of  the  anterior  pass  to  the  thalamus 
opticus,  the  inner  corpus  geniculatum,  and  the  optic  tract ;  those  of  the 
posterior  to  the  inner  corpus  geniculatum  and  the  crus  cerebri.  Ac- 
cording to  Meynert,  many  of  their  fibres  pass  directly  to  the  cortical 
substance  of  the  hemisphere. 

In  the  human  brain  the  quadrigeminal  bodies  are  small  in  comparison  with 
those  of  animals.  In  ruminant,  soliped,  and  rodent  animals,  the  anterior  tuber- 
cles are  much  larger  than  the  posterior,  as  may  be  seen  in  the  sheep,  horse,  and 
rabbit ;  and  hence  the  name  nates,  formerly  applied  to  the  anterior,  and  testes  to 
the  posterior  tubercles.  In  the  brains  of  carnivora,  the  posterior  tubercles  are 
rather  the  larger.  In  the  fcetus  of  man  and  mammals  these  eminences  are  at  fii'st 
single  on  each  side,  and  have  an  internal  cavity  communicating  with  the  ventri- 
cles. They  are  constant  in  the  brains  of  all  vertebrate  animals  ;  but  in  fishes, 
reptiles,  and  birds,  in  which  animals  they  receive  the  name  of  optic  lobes,  they 
are  only  two  in  number,  and  hollow  :  in  marsui)ialia  and  monotremata,  they  are 
also  two  in  number,  but  are  solid. 

Optic  tracts  and  corpora  geniculata. — The  optic  tracts,  which 
have  already  been  referred  to  in  connection  with  the  base  of  the  cere- 
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brum,  are  attached  to  and  embrace  the  under  side  of  the  corresponding 
peduncles,  and  may  be  traced  back  to  the  thalami.  Each  tract  is  some- 
what cylindrical  towards  the  optic  commissure,  where  it  is  connected 
with  a  deposit  of  grey  matter  adjacent  to  the  tube:  cinereum.  It  be- 
comes flattened  and  broader  as  it  approaches  the  thalamus,  and  makes 
a  bend  as  it  turns  round  the  peduncle  to  reach  the  back  part  of  that 
body.  Near  this  bend,  which  is  named  the  Imee  (genu),  and  to  the 
outer  side  of  the  corpora  quadrigemina,  are  placed  two  small  oblong  and 
flattened  eminences  connected  with  the  posterior  extremity  of  the  optic 
tract.  They  are  small  masses  of  grey  matter  about  the  size  and  shape 
of  coifee-beans,  placed  one  on  the  outer  and  one  on  the  inner  side  of  the 
genu  of  the  optic  tract,  and  hence  they  are  named  respectively  corpus 
geniculatimi  externum  and  internum.  They  send  fibres  into  the  optic  tract 
and  also  into  the  thalamus  of  the  same  -side.  Other  fibres  go  directly 
from  the  optic  tract  to  the  thalamus,  passing  between  the  outer  corpus 
geniculatum  and  the  crus  cerebri,  and  others  to  the  anterior  corpora 
quadrigemina. 

The  fibres  of  the  optic  tract  are  therefore  derived  from  three 
sources,  viz. ,  the  thalamus,  the  corpora  quadrigemina,  and  the  corpora 
geniculata. 

Beneath  the  tract  as  it  passes  over  the  crus  is  a  band  of  fibres  pass- 
ing in  the  same  direction,  called  the  "  collar  of  the  crus."  They  are 
connected  behind  with  the  optic  thalamus,  and  in  front  with  the  tuber 
cinereum  and  inner  part  of  the  corpus  striatum. 

The  processus  a  cerebello  ad  cerebrum,  svjjerior  peduncles 
of  the  cerebellum,  are  two  large  white  cc«"ds  extending  downwards 
and  somewhat  outwards  from  the  corpora  quadrigemina  to  the  fore  part 
of  the  cerebellum,  and  connecting  the  latter  with  the  cerebrum.  They 
rest  upon  the  crura  cerebri,  to  which  they  are  united,  and  between 
them  is  the  valve  of  Vieussens.  Some  of  their  fibres  decussate  beneath 
the  corpora  quadrigemina. 

The  valve  of  Vieussens  (velum  medullare  anterius),  (fig.  383) 
stretched  between  the  processus  a  cerebello  ad  cerebrum,  is  a  thin  layer 
of  nervous  matter,  which  lies  over  the  passage  from  the  third  to  the 
fourth  ventricle,  and,  lower  down,  covers  in  a  part  of  the  fourth 
ventricle  itself.  It  is  narrow  in  front,  where  it  is  connected  with  the 
quadrigeminal  bodies,  and  broader  behind,  where  it  is  continuous  with 
the  median  portion  of  the  cerebellum. 

The  valve  is  composed  of  white  substance,  superficial  m  its  upper 
portion,  but  concealed  in  its  lower  half  by  a  few  transverse  ridges 
of  grey  matter,  which  appear  as  if  prolonged  from  the  grey  lamellge 
of  the  cerebellum  with  which  the  valve  is  there  continuous.  Within 
it  is  some  grey  substance,  which  constitutes  the  nucleus  of  the  roof 
of  the  fourth  ventricle  of  Stilling,  and  is  supposed  to  connect  the  two 
dentate  nuclei. 

From  between  the  posterior  quadrigemina!  tubercles  a  slight  median 
ridge,  named  frcmulum,  descends  a  little  Avay  upon  the  valve ;  and  on 
the  sides  of  this  the  commencing  fibres  of  the  fourth  pair  of  nerves 
pass  transversely  outwards.  The  back  part  of  the  valve  is  overlapped 
and  concealed  by  the  superior  vermiform  process  of  the  cerebellum. 

Aqueduct  of  Sylvius. — Beneath  the  corpora  quadrigemina  a  nar- 
row canal  connects  the  third  ventricle  in  front  with  the  fourth  ventricle 
behind.     It  varies  in  shape  in  different  parts,  being  T-shaped  behind, 
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elongated  vertically  in  front.  A  thick  layer  of  grey  substance  occnpies 
its  floor,  beneath  which,  on  each  side,  is  the  common  nucleus  of  the 
thh'd  and  fourth  nerves. 


INTERNAL  STRUCTURE  OP  THE  CEREBRUM. 

The  cerebrum,  like  the  rest  of  the  encephalon,  is  composed  of  white 
and  grey  substance,  the  white  pervading  nearly  the  whole  of  its  extent, 
though  more  exclusively  composing  its  deeper  parts  ;  the  grey  forming 
a  covering  of  some  thickness  over  the  whole  surface  of  the  convolutions, 
and  in  certain  of  the  deeper  parts  either  collected  into  distinct  masses 
or  scattered  among  the  bundles  of  nerve  fibres,  such  as  the  corpora 
striata,  thalami  optici,  corpora  quadrigemina,  and  crura  cerebri.  To 
the  grey  substance,  the  names  of  cineritious  and  cortical  have  been 
applied  ;  to  the  white  that  of  medullary. 

The  White  Matter  of  the  encephalon  consists  of  tubular  fibres, 
varying  in  size  in  different  parts,  but  in  general  still  smaller  than  those 
of  the  cord,  their  average  diameter  being  the  yooootb  of  an  inch. 
Non-medullated  fibres  are  seen  only  in  the  neighbourhood  of  the 
grey  matter  in  the  basal  ganglia  and  cortex.  The  fibres  of  the  white 
substance  present  no  divisions.     They  are  arranged  in  bundles  sepa- 


Fig.  386. — Sketch  of  a  Dissection  showing  the  connection  of  the  Columns  op  the 
Medulla  Oblongata  avith  the  Cekebrum  and  Ceeebelluji  (from  Maj'o).     \ 

In  the  lower  part  of  the  figure  the  medulla  oblongata  is  entire  where  it  is  prolonged 
downwards  into  the  s^jinal  cord  ;  a,  the  anterior  pyramid  ;  a',  its  continuation  upwards 
into  the  pons  Varolii  (?;;,)  ;  c,  olivary  body  ;  c',  olivary  fasciculus  ;  behind  c',  the  fasciculi 
teretes  are  represented  ;  d,  the  white  laminsB  in  part  of  the  cerebellum  ;  /,  superior 
peduncle  of  the  cerebellum  ;  g,  anterior  piart  or  crust  of  the  cerebral  peduncle  ;  h,  part 
of  the  fibres  radiating  from  the  peduncle  into  the  right  cerebral  hemisphere,  of  which  a 
considerable  extent  is  shown  containing  parts  of  the  frontal,  parietal,  and  occipital  lobes  ; 
h,  y,  y,  part  of  the  corona  radiata  ;  Ji!  (in  front),  cential  fibres  of  the  convolutions  ;  i, 
fillet  ;  I,  back  of  the  thalamus  opticus  ;  m,  pons  Varolii  ;  n,  inferior  j)eduncle  of  the 
cms  cerebelli ;  o,  section  of  the  pes  hippocampi  ;  r,  tegmentum ;  y,  y,  show  the  whit© 
fibres  issuing  from  the  corpus  striatum. 
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rated  by  a  network  of  delicate  connective  tissue,  consisting  of  cells 
possessing  distinct  nuclei  and  delicate  processes,  which  unite  .to  form 
incomplete  laminae. 

The  general  direction  which  the  fibres  follow  is  best  seen  in  a  brain  that  has 
been  hardened  by  immersion  in  alcohol,  although  it  is  true  that  in  an  ordinary 
dissection  of  such  hardened  masses  with  the  scalpel,  we  do  not  then  trace  the 
single  fibres,  but  only  the  smaller  bundles  and  lamellaj  which  they  form  by  their 
aggregation.  It  must  also  be  admitted  that  where  they  intimately  decussate,  the 
tearing  of  fibres  across  is  liable  to  be  mistaken  for  the  separation  of  sets  of  fibres 
one  from  the  other  ;  it  is  necessary  to  correct  such  errors  by  the  examination  of 
sections  under  the  microscope.  The  microscopic  examination  of  the  cerebrum, 
however,  is  as  yet  still  less  complete  than  that  of  the  spinal  maiTow  and  medulla 
oblongata.  By  the  dissection  of  artificially  prepared  brains,  aided  in  part  by 
microscopic  observation,  the  following  general  facts  have  been  ascertained. 

The  fibres  of  the  cerebrum,  though  exceedingly  complicated  in  their 
arrangement,  and  forming  many  different  groups,  may  be  referred  to 
three  principal  systems,  according  to  the  general  course  which  they  take, 
viz.  : — 1.  Ascending  or  peduncular  fibres,  which  pass  from  the  medulla 
oblongata  to  the  hemispheres,  and  constitute  the  peduncles  of  the  cere- 
brum. These  fibres  increase  in  number  as  they  ascend  tlirough  the 
pons,  and  still  further  in  passing  through  the  optic  thalami  and 
striated  bodies,  beyond  which  they  spread  in  all  dii'ections  into  the 
hemispheres.  2.  Transverse  or  commissural  fibres,  Avhich  connect  the 
two  hemispheres  together.  3.  Lojigitudinal  or  collateral  fibres,  which, 
keeping  on  the  same  side  of  the  middle  line,  connect  more  or  less 
distant  parts  of  the  same  hemisphere. 

1.  The  Peduncular  fibres,  in  each  hemisphere,  consist  of  a  main 
body  and  of  certain  accessory  bundles  of  fibres. 

Fig.    387. — Posterior  View 
Fi".  387.  *^^  '■''H^  Pedujjcles  oe  the 

Cerebrum   and    Cerebel- 
LUJi  (after  Arnold),     h 

The  lower  and  fore  part  of 
the  cerebral  hemispheres  is 
preserved,  the  cerebellum  is 
comijletely  detached  from  its 
peduncles,  and  on  the  right 
side  the  corpora  qtiadrigemina 
and  tllalanl^^s  opticus  have 
been  dissected,  a,  fasciculus 
teres  of  the  left  side  ;  h,  fibres 
of  the  tegmentum  ascending 
throngh  the  right  thalamus  ; 

c,  left  corpora  quadrigemina  ; 

d,  lateral  column  of  the  cord  ; 

e,  restif  orm  body  ;  /,  superior 
peduncles  of  the  cerebellum  ; 
g,  fibres  of  the  crust  ;  i,  i, 
the  fillets  ;  k,  h,  corpora 
striata  ;  I,  the  left  thalamus  ; 
m,  m,  sections  of  the  middle 
peduncles  of  the  cerebellum  ; 
n,  section  of  the  left  inferioi 
peduncle  ;  p,  left  posterior 
pyramid  ;  q,  section  of  the 
corpus    callosiim  ;     s,     under 

surface  of  the  same,  a.nd  below  it  the  cavity  of  'he  fifth  ventricle  ;  e,  left  anterior  pillar 
of  the  fornix ;  y,  decussation  of  the  radiating  fibres  with  the  crossing  fibres  of  the  corpus 
caUosum. 
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The  main  lochj  is  derived  from  the  anterior  pyramid,  from  the  fasci- 
culi teretes,  and  from  the  posterior  pyramid.  After  it  has  passed 
through  the  pons,  and  become  increased  in  amount,  it  is  separated 
into  two  parts  in  the  crus  cerebri  by  a  layer  of  dark  cineritious  matter, 
named  locus  niger.  The  lower  or  superficial  part,  which  is  derived 
from  the  anterior  pyramid,  consists  almost  entirely  of  white  fibres, 
collected  into  coarse  fasciculi,  and  is  named  the  crusta  or  hasis,  or  the 
fasciculated  portion  of  the  peduncle  (Foville)  (fig.  388,  g).  It  contains 
also  fibres  from  the  nerve  nuclei  of  the  medulla,  and  from  the  middle 
peduncle  of  the  cerebellum.  The  upper  part,  composed  principally  of 
the  fasciculus  teres  and  posterior  pyramid,  is  named  the  tegmentum  (&). 
It  is  softer  and  finer  in  texture,  and  is  mixed  with  much  grey  matter. 

Still  increasiug  in  number  within  the  peduncle,  these  tAvo  sets  of 
fibres  ascend  to  the  thalamus  and  corpus  striatum.  A  much  larger 
number  of  fibres  diverging  from  these  bodies  appear  to  pass  to  the 
medullary  substance  of  the  hemispheres  than  are  contained  in  the 
crura.  The  actual  continuity  of  the  individual  fibres  spreading  cut 
in  the  hemisphere  with  those  peduncular  fibres  which  enter  the  sub- 
stance of  the  thalamus  and  corpus  striatum  is  doubted  by  many  authors, 
and  among  them,  by  Ivolliker,  who  believe  that  the  connection  between 
the  fibres  is  effected  by  the  branching  cells  of  the  ganglia.  Some  fibres 
certainly  pass  by  or  through  the  ganglia,  directly  to  the  convolutions.  The 

Fig.   SS8. — View   of  a  Dissection  of  the  Fig.  388, 

Fibres  in    the    Left   Cerebeal   Hemi- 
s?HEKE  FROM  BELOW  (after  Mayo).     \ 

The  lower  part  of  the  temporo-sphenoidal 
lobe  has  been  removed,  a,  the  anterior  and 
a',  the  posterior  part  of  the  fillet  of  the 
corpus  callosum  ;  b,  ci,  section  of  the  cms 
cerebri  ;  i,  tegmentum  ;  g,  crust  separated 
from  the  last  by  the  locus  niger  ;  c',  fibres 
stretching  from  the  back  part  of  the  corpus 
callosum  into  the  posterior  lobe  ;  e,  fasciculus 
uncinatus  connecting  the  anterior  and  middle 
lobes  across  the  Sylvian  fissui-e  ;  /,  /,  trans- 
verse fibres  from  the  corpus  callosum  passing 
into  the  cerebral  hemisphei'es ;  I,  back  part 
of  the  thalamus  ;  m,  corpus  albicans  ;  q, 
median  section  of  the  corpus  callosum  ;  r, 
radiating  fibres  of  the  hemispheres  ;  t,  ante- 
rior pillar  of  the  fornix  descending  into  the 
corpus  albicans  (in)  ;  v,  collateral  fibres  of 
the  convolutions  ;    x  ,  anterior  commissure. 

posterior  fibres  of  the  tegmentum 
pass  directly  to  the  surface, as  do  also 
those  of  the  crus,  which  separate 
the  lenticular  and  caudate  nuclei 
of  the  corpus  striatum. 

The  assemblage  of  radiating  fibres 
in  each  hemisphere  might  be  com- 
pared to  a  fan,  bent  into  the  form 

of  an  incomplete  hollow  cone,  having  its  concave  surface  turned  down- 
wards and  outwards  ;  hence  the  name  corona  radiata  applied  to  them 
by  Eeil,  and  fihrous  cone  by  Mayo  (fig.  388). 

The  accessory  fibres  of  the  peduncular  system  are  as  follows  : — 
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a.  The  superior  peduncles  of  the  cerebellum  (processus  ad  cerebrum), 
which  are  continued  up  beneath  the  corpora  quadrigemina,  and  form  part 
of  the  tegmentum.  Some  of  these  fibres  are  believed  by  Mejnert  to 
be  connected  with  the  cells  of  the  corpus  striatum. 

5.  The  bundle  of  fibres  on  each  side,  named  the  filM  (lemniscus) 
(4  fig.  387).  This,  which  is  originally  derived  from  the  anterior  column 
of  the  cord,  proceeds  from  the  olivary  fasciculus  of  the  medulla  oblon- 
gata, as  previously  described.  Eeinforced  by  fibres  from  the  corpus 
dentatum  of  the  olivary  body,  it  ascends  through  the  back  part  of  the 
pons,  still  increasing  in  size.  Appearing  at  the  side  of  the  cerebral 
peduncle,  above  the  upper  border  of  the  pons,  it  divides  into  two  portions, 
of  which  one  crosses  over  the  superior  peduncle  of  the  cerebellum  to  the 
corpora  quadrigemina,  meeting  its  fellow  of  the  opposite  side,  while 
the  other  is  continued  upwards  Avith  the  fibres  of  the  tegmentum. 

c.  Fibres  from  the  middle  peduncles  of  the  cerebellum  are  believed  to 
turn  upwards  in  the  pons  and  join  those  of  the  crusta.  (Meynert, 
Broadbent.) 

d.  The  crusta  also  contains  fibres  which  pass  upwards  from  the 
grey  nuclei  in  the  floor  of  the  fourth  ventricle. 

e.  Other  fibres  accessory  to  the  peduncles  take  their  rise  in  the  grey 
matter  of  the  corpora  quadrigemina  (constituting  their  hracMa),  and 
proceed  on,  the  anterior  to  the  thalami  optici  and  surface  of  the  inner 
corpora  geniculata ;  the  posterior  to  the  inner  corpora  geniculata  and 
thence  to  the  crura  cerebri. 

/.  Lastly,  fibres  of  another  set,  also  joining  the  peduncles,  are  de- 
rived from  the  corpora  geniculata. 

2.  The  transverse  commissural  or  connecting  fibres  of  the  cere- 
brum, include  the  following  sets. 

a.  The  cross  fibres  of  the  corpus  callosum  pass  laterally  into  the 
substance  of.  the  hemispheres,  some  being  directed  upwards,  whilst 
others  spread  outwards  on  the  roof  of  the  lateral  ventricles,  forming 
there  what  is  named  the  tcqMtum.  Intersecting  the  peduncular  ra- 
diating fi^bres,  they  spread  out  into  the  hemispheres,  reaching  every- 
where the  grey  matter  of  the  convolutions.  In  the  middle  of  the  white 
centre  of  the  hemisphere  the  ascending  fibres  preponderate,  but 
gradually  disappear  towards  the  corpus  callosum,  while,  on  the  other 
hand,  towards  the  convolutions  all  the  fibres  assume  an  ascending 
direction,  and  the  decussation  disappears.  It  is  doubtful  whether  any 
of  the  ascending  fibres  of  the  corona  radiata  enter  the  corpus  callosum. 

b.  The  fibres  of  the  anterior  commissure,  exceedingly  fine,  pass  laterally 
into  the  corpora  striata,  and  bending  backwards,  extend  a  long  way 
into  the  middle  of  the  hemisphere,  and  are  distributed  to  the  temporo- 
sphenoidal  lobes  (fig.  388  x  ), 

c.  The  fil)res  of  the  j^osterior  commissure  run  through  the  optic 
thalami,  and  are  soon  lost  in  the  substance  of  the  hemispheres  outside 
these  bodies. 

8.  The  longitudinal  or  collateral  system  of  fibres  includes  those 
of  the  fornix,  tasnia  seniicircularis,  and  stride  longitudinales  of  the  corpus 
callosum,  afready  sufficiently  described  ;  and  likewise  the  following. 
a.  Fibre.'?  of  the  gyrus  fcrnicatus  ;  fillet  of  the  corpus  callosum  (Mayo). 
-These  fibres  constitute  the  white  substance  of  the  gyrus  fornicatus, 
and  take  a  longitudinal  course  immediately  above  the  transverse  fibres 
of  the  corpus  callosum  (fig.  389,  a  a').     In  front  they  bend  downwards 
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T^itliin  the  gyrus  to  which  they  belong,  and  are  connected  with  the  ante- 
rior perforated  space,  being  joined  by  certain  longitudinal  fibres  -which 
run  along  the  under  surface  of  the  corpus  callosum  near  the  middle  line,, 
passing  near  and  upon  the  upper  edge  of  the  septum  lucidum.  Behind, 
they  turn  round  the  back  of  the  corpus  callosum  and  thence  descend  to 
the  point  of  the  middle  lobe,  where,  according  to  Foville,  they  again 
reach  the  perforated  space.  Oifsets  from  these  fibres  pass  upwards  and 
backwards  into  the  secondary  convolutions  derived  from  the  gyrus 
fornicatus  in  the  longitudinal  fissure. 

h.  Fasciculus  uncinatus. — Under  this  name  is  described  a  white 
bundle,  seen  on  the  lower  aspect  of  the  hemisphere,  passing  across  the 
bottom  of  the  Sylvian  fissure,  and  connecting  the  frontal  with  the 
temporo-sphenoidal  lobe  (fig.  388,  e).  The  fibres  of  this  bundle  expand 
at  each  extremity,  and  the  more  superficial  of  them  are  curved  or 
hooked  sharply  between  the  contiguous  parts  of  the  anterior  and  middle 
lobes, — whence  it  has  derived  its  name. 

c.  The  convolutions  of  the  cerebrum  are  connected  with  each  other 
by  white  fibres,  which  lie  immediately  beneath  the  cortical  substance. 
Some  of  them  pass  across  the  bottom  of  the  sulcus  between  adjacent 
convolutions  ;  whilst  others,  which  are  longer  and  run  deeper,  connect 
convolutions  situated  at  a  greater  distance  from  one  another. 

Fig.  389. 


Pig.  389. — View  of  a  Dissection  of  the  Fibres  of  the  Gteus  Fornicatus  and  Fornix, 
IN  THE  Eight  Hemisphere  (slightly  altered  from  Foville).  i 
A,  the  anterior  lobe  ;  B,  the  posterior  lobe  ;  a,  a',  a",  fibres  of  the  gjTus  fornicatus  ; 
c,  c',  oblique  bands  of  fibres  of  some  of  its  accessory  gyri  ;  h,  tegmentum,  and  g,  crust  of 
tlie  crus  cerebri,  separated  by  the  locus  niger  ;  I,  thalamus  ;  m,  fissure  of  Sylvius  ;  n,  corpus 
albicans  ;  q,  median  section  of  the  corpus  callosum  ;  5,  septum  lucidum  ;  t,  the  fornix, 
its  anterior  pillar  descending  into  the  corpus  albicans,  and  then  emerging  from  that  at  its 
termination  (*)  in  the  thalamus  ;  1,  the  olfactory  bull)  ;  2,  the  optic  commissure. 

Foville's  Vie-ws. — The  researches  of  Foville  have  led  him  to  differ  con- 
siderably from  other  anatomists  as  to  the  course  of  the  fibres  of  the  cerebrum, 
as  will  be  seen  from  the  following  statement  of  his  ^dews. 

1.  The  crust  or  fasciculated  portion  of  each  cerebral  peduncle,  derived  from 
the  anterior  pyramid,  forms  by  itself  the  peduncular  fibrous  cone,  and  is  thence 
continued  on  into  the  radiating  fibres  of  the  cerebrum,  which  are  destined  only 
for  the  convolutions  on  the  convex  surface  of  the  hemisphere,  including  the  outer 
half  of  the  marginal  convolution  of  the  longitudinal  fissure,  and  the  inner  half 
of  the  convolution  around  the  Sylvian  fissure. 
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2.  Tlie  fibres  of  the  tef/mcntuni,  liaving  entered  the  thalamus,  pass  on  in  two 
ways — no  part  of  them,  however,  joining'  the  radiating-  peduncular  fibres. 

a.  One  set  pass  upwards  through  the  thalamus  and  corpus  striatum,  above 
which  they  then  turn  inwards,  and,  joining  with  those  of  the  opposite  side, 
form  the  transverse  fibres  of  the  corpus  callosum.  The  corpus  callosum  is  there- 
fore regarded  as  a  commissure  of  the  cerebral  peduncles  only — none  of  its  cross 
fibres  spreading-  into  the  convolutions,  as  is  generally  believed. 

h.  The  second  set  of  fibres  of  the  tegmentum,  corresponding  with  the  fasciculi 
teretes  and  part  the  posterior  pyi-amids,  run  forwards  near  the  middle  line,  along- 
the  under  side  of  the  third  ventricle  and  corpus  striatum,  through  the  grey 
matter  in  front  of  tlie  pons,  to  the  anterior  perforated  space.  The  remaining- 
part  of  the  posterior  pyramid  forms  the  tsenia  sem.icircularis,  which,  passing 
down  in  front  of  the  anterior  pillar  of  the  fornix,  also  reaches  the  perforated 
space.  From  this  space  more  fibres  are  reflected  upwards  on  the  sides  of  the 
corpus  striatum  to  join  the  corpus  callosum. 

3.  As  dependencies  of  the  posterior  peduncular  fibres,  and  connected  with  them 
a,t  the  borders  of  the  anterior  perforated  space,  are  : — 

a.  Several  sets  of  longitudinal  arched  fibres,  which  embrace,  in  a  series  of  rings, 
the  radiating  peduncular  system.  These  are — the  deep  fibres  of  the  tsenia  semi- 
circularis — a  somewhat  similar  band  beneath  the  outer  jaart  of  the  corpus  sti'ia.tum. 
— the  half  of  the  fornix  with  the  corpus  fimbriatum — the  longitudinal  fibres 
placed  on  the  upper  and  under  sui-face  of  the  corpus  callosum,  and  those  of  the 
septum  lucidum ;  and,  lastly,  two  remarkable  systems  of  longitudinal  fibres — one 
constituting-  the  enth-e  white  substance  of  the  gyrus  foimicatus  (from  end  to  end), 
also  of  its  accessory  convolutions,  and  of  the  inner  half  of  the  marginal  convo- 
lution of  the  longitudinal  fissure ;  and  the  other,  forming  the  white  substance  of 
the  convolutions  of  the  island  of  Reil,  and  the  adjoining  half  of  the  convolution 
of  the  Sylvian  fissui-e.  None  of  the  pai-ts  just  named  receive  fibres  from  the 
radsatrng  peduncular  set. 

h.  In  connection  with  this  system  is  a  thin  stratum  of  white  fibres,  found 
upon  the  internal  surface  of  the  ventricles,  and  prolonged  through  the  transverse 
fissure  into  the  reticulated  white  substance  covering  the  lower  end  of  the  gyrus 
f  oi-nicatus ;  whence  it  extends,  as  an  exceedingly  thin  layer  of  meduUai-y 
matter,  all  over  the  cortical  substance  of  the  hemisphere. 

c.  The  anterior  commissui-e  does  not  reach  the  convolutions,  but  radiates  upon 
the  outer  sides  of  the  corpora  striata  and  thalami. 

The  Grey  Matter  of  the  cerebrum  may  be  considered  in  three 
categories,  according  as  it  is  placed  {a)  on  the  conyoluted  surface,  {b)  at 
the  base,  and  (c)  in  tlie  interior  of  the  cerebrum. 

(A.)  ON  THE  CONVOLUTED  SURFACE  the  grey  matter  forms  a  continuous 
layer  divided  into  two  and  in  some  regions  into  three  strata,  by  interposed 
thin  layers  of  paler  substance.  In  examining  a  section  from  without  in- 
wards, we  meet  with — 1.  A  thin  coating  of  white  matter  situated  on  the 
surface,  which  on  a  section  appears  as  a  faint  white  line,  bounding  the 
grey  surface  externally  (fig.  390,  a).  This  superficial  white  layer  is  not 
equally  thick  over  all  parts  of  the  cortical  substance,  but  becomes  thicker 
as  it  approaches  the  borders  of  the  convoluted  surface ;  it  is  accordingly 
less  conspicuous  on  the  lateral  convex  aspect  of  the  hemispheres,  and 
more  so  on  the  convolutions  situated  in  the  longitudinal  fissure  which 
approach  the  white  surface  of  the  corpus  callosum,  and  on  those  of  the 
under  surface  of  the  brain.  It  is  especially  well  marked  on  the  temporo- 
sphenoidal  lobe,  near  the  descending  cornu  of  the  lateral  ventricle,  where 
the  convoluted  surface  is  bounded  by  the  posterior  pillar  of  the  fornix,  and 
it  has  been  there  described  under  the  name  of  the  reticulated  ivliite  sub- 
stance. 2.  Immediately  beneath  the  white  layer  just  described,  is  found 
a  comparatively  thick  layer  of  grey  or  reddish  grey  matter,  the  colour 
of  which,  as  indeed  of  the  grey  substance  generally,  is  deeper  or  lighter 
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according  as  its  yery  numerous  vessels  contain  much  or  little  blood. 
Then  follow,  8.   Another  thin  whitish  layer ;    and  4.  A  thin  grey 


Fig.    390.— Section  ov  Fig.  390. 

THE    Cortical    Sub- 
stance OF  A  Cerebral  --— 
Convolution      (from 
Eemak). 

In  A,  tlie  parts  are 
nearly  of  the  natural 
size.  To  the  right  of  the 
figure,  a  and  e  are  two 
white,  and  h  and/  two 
grey  strata  ;  to  the  left 
of  the  figure,  an  addi- 
tional white  layer,  e,  di- 
vides the  first  grey  into 
tv/o,  I)  and  d.  In  B,  a 
small  jiart  of  the  cortical 
substance  of  a  convolution 
is  represented,  magnified 
to  show  more  clearly  the 

relative  position  of  the  strata  ;  a,  superficial  white  layer  ;  h,  reddish  grey  layer  ;  c,  inter- 
mediate white  layer  ;  d,  inner  part  of  the  outer  grey  layer  ;  e,  thin  white  layer  ;  /,  inner 
grey  layer  ;  g,  radiating  white  fibres  from  the  medullary  substance  of  the  convolution 
passing  into  the  layers  of  the  cortical  substance. 

stratum.  This  last  lies  next  to  the  central  white  matter  of  the  hemispnere, 
In  some  convolutions,  especially  in  the  occipital  region,  a  paler  layer 
(fig.  390,  B)  divides  the  outer  grey  layer  into  two  (5  and  d). 

This  cortical  grey  substance  of  the  convolutions  contains  cells  and 
fibres  embedded  in  a  matrix.  In  this  matrix  most  observers  (Ehrenberg, 
Henle,  Boll)  have  found  only  a  granular  structure,  while  others  (as  Max 
Schultze)  believe  that  it  consists  of  a  network  of  fibres.  It  contains 
nuclei,  and  is  probably  of  the  nature  of  connective  tissue  (neuroglia), 
similar  to  that  which  supports  the  elements  in  other  parts  of  the  nerve 
centres  (p.  136),  and  later  researches  have  traced  in  it  a  similar  cor- 
puscular structure. 

Tlie  cells  are  of  various  forms  and  sizes, — spherical,  angular,  fusiform, 
pyramidal,  stellate, — many  of  them  with  numerous  processes.  Some  of 
these  branching  cells  are  irregular  in  form  and  position,  others  are 
more  regularly  pyramidal  in  shape,  and  have  the  apex  of  the  pyramid 
turned  towards  the  surface  of  the  convolution.  The  average  size  of  the 
larger  pyramidal  cells  is  xfoo^^^  of  an  inch  in  diameter  at  the  base,  and 
each  contains  a  rounded  nucleus  having  an  average  diameter  of  —^^th 
of  an  inch.  They  commonly  contain  a  little  yellowish  pigment.  The 
process  from  the  apex  may  be  traced  for  some  distance  towards  the  sur- 
face of  the  convolution,  and  is  then  lost.  The  mode  of  its  termination 
is  unknown.  Several  fine  branching  processes  pass  from  the  angles  at 
the  base  of  these  cells  and  run  outwards  or  towards  the  medullary  centre. 
Some  of  these  divide  and  ramify,  the  branches  forming  a  network  of 
fine  anastomosing  fibres,  while  others  have  been  traced  inwards  undi- 
vided, and  are  supposed  to  be  continuous  with  the  axis-cylinder  of  a 
nerve  fibre.  The  undivided  axis-cylinder  process,  according  to  some 
observers,  arises  from  the  centre  of  the  base  of  the  cell,  as  in  some 
other  parts  of  the  nervous  system.  The  processes  of  these  cells,  as 
well  as  the  body  of  the  cell  itself,  are  said  to  possess  a  distinct  longi- 
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tudinal  striation.  The  smaller  angular  corpuscles  are  also  nucleated 
and  provided  with  processes  which  run  in  various  directions,  and  pro- 
bably unite  into  a  fine  network.  Rounded  cells,  tolerably  uniform  in 
size,  (about  a-Tcroth  of  an  inch  in  diameter)  also  occur.  They  have  no 
yisible  processes.  Both  these  and  the  angular  cells  often  appear  to  lie 
within  clear  spaces  in  the  matrix. 

The  fibres  radiate  from  the  white  centre  of  each  convolution  in  all 
directions  into  the  grey  cortex,  having  a  course  for  the  most  part  per- 
pendicular to  the  free  surface.  In  passing  through  the  grey  substance 
they  are  arranged  in  bundles  about  xsVo^^^  ^^  ^^  "^ch  in  diameter,  and 
thus  separate  some  of  the  nerve  cells,  giving  them  a  columnar  arrange- 
ment. The  direction  of  the  fibres  varies,  according  to  the  part  of  the 
convolution  in  which  they  occur,  whether  near  the  summit  or  the  base, 
and  the  radiating  fibres  are  wanting  in  the  sulcus  between  two  convo- 
lutions, where  the  fibres  have  an  arciform  course,  corresponding  to  the 
surface  of  the  sulcus,  and  seem  to  connect  the  adjacent  convolutions. 
Other  fibres  pass  in  all  directions  through  the  grey  substance,  connecting 
its  several  layers.  Gerlach  has  called  attention  to  the  presence  of 
bundles  of  medullated  fibres  at  right  angles  to  the  radiating  bundles, 
and  forming  with  them  a  large-meshed  network,  in  the  interstices  of 
which  is  a  still  finer  network,  composed  of  the  finest  non-medullated 
nerve  fibres,  and  formed,  he  believes,  by  the  interlacement  and  anasto- 
mosis of  the  ramifying  processes  from  the  nerve  cells.  The  coarser 
fibres  are  said  to  arise  from  the  cell-processes,  either  directly,  or  indi- 
rectly through  this  fine  network. 

laayers  of  the  cortex. — The  form  and  arrangement  of  the  cells 
dilTer  at  various  depths  from  the  surface  of  the  convolution,  and  as 
these  variations  possess  considerable  uniformity,  several  layers  are  con- 
stituted, having  more  or  less  definite  histological  characters.  Their 
correspondence  to  the  stratification  distinguishable  by  the  naked  eye  is, 
however,  somewhat  doubtful.  Differences  exist  between  the  arrangement 
of  the  structural  elements  in  different  parts  of  the  brain.  The  most 
common  type  is  that  which  is  best  seen  in  the  convolutions  of  the  parietal 
lobe.    In  this  most  observers  agree  in  recognising  five  layers  *  (fig.  391). 

1.  The  most  external  layer  is  narrow,  about  ^th  of  the  whole  thickness 
of  the  grey  cortex.  It  is  pale,  and  contains  few  cells,  and  those  are  small, 
oval,  pyramidal,  stellate,  with  fine  processes,  and  are  embedded  in  a 
gTanular  material.  A  few  nerve  fibres  occur  in  it,  and  have  been  said  to 
be  connected  with  the  nerves  of  the  pia  mater.  Some  observers  have 
described  a  network  of  fine  fibres  throughout  the  layer  connected  with 
the  processes  of  its  cells.  On  account  of  the  small  number  of  nervous 
elements  the  connective  tissue  elements  of  the  cortex  can  be  seen  in  this 
layer  with  more  distinctness  than  elsewhere. 

2.  The  next  layer,  of  nearly  the  same  width,  is  composed  of  small 
thickly-set  nerve  cells,  oval,  angular,  or  pyramidal,  with  branching 
processes. 

3.  The  third  layer  is  of  paler  tint  and  much  greater  width.  It  con- 
tains pyramidal  branching  cells,  large  and  small,  arranged  as  above 
described,  with  the  pointed  extremities  towards  the  surface  of  the  con- 
volution, and  separated  into  groups  by  bundles  of  radiating  fibres. 
The  inner  portion  of  the  layer,  in  which  the  cells  are  larger  and  the 

*  The  division  into  five  layers,  described  by  Mevnert,  is  substantially  that  of  Dr. 
Lockart  Clarke  (Proc.  Eoyal  Soc,  1863). 
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separation  into  groups  more 
distinct,  has  been  described  as 
a  separate  layer  by  Lockhart 
Claike. 

Fig,   391. — Section    op     Cerebral 
Convolution  (Meynert), 

1,  Superficial  layer  of  scattered 
corpuscles ;  2,  dense  layer  of  small 
angular  coi-puscles  ;  3,  broader  layer 
of  pyi'amidal  corpuscles,  separated 
into  columns  by  the  radiating  ner\'e- 
fibres  ;  4,  narrow  layer  of  small  ir- 
regular corpuscles  ;  5,  layer  of  fusi- 
form and  irregular  cells  in  medullary 
centre. 

4.  The  fourth  layer  is  nar- 
rower, and  contains  many 
small,  irregularly-shaped,  often 
"  granule-like,"  corpuscles, 
round  or  angular,  with  fine 
processes,  placed  irregularly 
and  less  distinctly  separated 
into  groups. 

5.  The  fifth  layer,  of  greater 
width  than  the  last,  is  com- 
posed of  fusiform  and  ir- 
regular cells.  The  fusiform 
corpuscles  haye  a  definite  ar- 
rangement, being  placed  for 
the  most  part  vertically  at  the 
summit  of  a  gyrus,  but  parallel 
to  the  surface  of  a  sulcus, 
where  they  correspond  in  di- 
rection to  the  arciform  fibres 
passing  from  one  convolution 
to  another,  with  which  they 
are  said  to  be  connected. 

Beneath  the  last  layer  is 
the  medullary  centre,  with 
which  it  gradually  blends. 
The  fibres  of  the  white  sub- 
stance, as  they  radiate  into 
the  grey  matter,  become  finer, 
in  consequence,  it  is  thought, 
of  dividing  or  branching. 

The  chief  deviations  from 
this  type  are  due  to  varia- 
tions in  the  large  pyramidal 
cells,  which  in  places  lose  their 
characteristic  size  and  distri- 
bution. The  most  conspicuous 
variation  occurs  in  some  parts 
of  the  occipital  region,  especi- 
ally near    the    sulcus  hippo- 
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campi.  There  the  large  pyramidal  cells  are  few  in  number,  and  the 
broad  layer  in  which  they  occm-  consequently  changes  its  characters, 
being  split  up  by  layers  containing  few  corpuscles. 

In  the  Sylvian  fissure  the  fusiform  cells  are  more  abundant  than 
elsewhere,  and  from  their  number  in  the  claustrum  (p.  564)  this  layer 
has  been  termed  by  Meynert  the  "  claustral  formation."  The  cornu 
ammonis  is  formed  almost  exclusively  of  the  large  pyramidal  corpuscles, 
and  the  layer  in  which  these  corpuscles  occur  has,  in  like  manner, 
been  termed  the  "  formation  of  the  cornu  ammonis." 

Fig.  392. 


Fig.  392. — Minute  Structure  op  the  Cerebral  Substance  (from  Kolliker),  magnified 

220  Diameters. 

A,  cells  and  structural  elements  from  tlie  inner  part  of  the  cortical  substance  of  the 
cerebral  convolutions  ;  «,  larger  cells,  chiefly  from  the  middle  grey  layer,  showing  a 
variable  number  of  radiating  processes  ;  h,  smaller  cells  from  the  more  superficial  grey 
layer,  in  part  belonging  to  connective  tissue ;  c,  a  nerve-fibre  with  its  axis-filament 
partly  exposed. 

B,  finest  nerve-fibres  from  the  superficial  -white  layer  of  the  cortical  substance  of  a 
convolution,  some  showing  the  varicose  condition. 


(B.)  GREY  JiATTER  AT  THE  BASES. — The  grey  matter  of  the  lamina 
cinerea,  tuber  cinereum,  and  posterior  perforated  spot,  appears 
both  in  the  base  of  the  brain  and  in  the  floor  of  the  third  ventricle. 
These  collections  present  many  large  stellate  nerve-cells  containing 
yellowish  pigment.  From  the  tuber  cinereum  a  few  fibres  pass  to  the 
optic  nerves.  The  lamina  cinerea  is  connected  externally  with  the  grey 
matter  of  the  anterior  perforated  spot,  and  from  that  point  a  continuity 
of  grey  matter  can  be  traced  to  the  swelling  of  the  olfactory  bulb. 

Olfactory  tract  and  bulb. — The  tuber  olfadorium  (or  grey  root) 
contains  pyramidal  nerve-cells,  similar  to  those  of  the  convolutions, 
but  more  densely  arranged.  The  olfactory  trad,  or  "  nerve,"  consists, 
in  its  upper  half,  of  grey  matter,  containing  large  granules,  nuclei, 
and  small  cells,  and  traversed  by  a  few  fibres,  continuous  with  those  of 
the  middle  root.  The  other  fibres  occupy  the  lower  half  of  the  nerve. 
Olfadory  luW. — The  upper  portion  is  occupied  by  meduUated  fibres, 
prolonged  from  the  nerve  and  separated  into  superficial  and  deep 
lamina,  by  granular  substance,  the  granules  being  large  and  arranged 
in  several  layers.     On  the  under  surface  of  the  bulb  is  a  layer  of  non- 
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meduUated  nerve-fibres,  arranged  in  interlacing  bundles,  which  give 
origin  to  the  filaments  that  pass  from  the  bulb  to  the  nose.  The  grey 
substance  which  lies  between  this  layer  and  the  lower  medullated  layer 
contains  numerous  large  granules  and  small  angular  and  branching 
nerve-cells.  The  granules  are  most  abundant  in  the  upper  portion, 
where  they  are  arranged  in  flat  groups  ;  the  nerve-cells  exist  chiefly 
in  the  lower  part,  contiguous  to  the  gelatinous  nerve-fibres,  which  pro- 
bably arise  from  them. 

The  grey  matter  of  the  anterior  perforated  spot  is  continuous 
above  with  that  of  the  corpus  striatum  and  lenticulai-  nucleus.  Thus 
also  continuity  is  established  between  the  grey  matter  of  the  surface 
and  that  of  the  interior  of  the  brain. 

(C.)  GREY  MATTER  OF  THE  INTERIOR. — This  may  be  examined  in 
the  series  of  its  deposits  from  behind  forwards. 

In  the  crura  cerebri,  the  grey  matter  is  collected  into  a  dark  mass, 
the  locus  niger,  which  lies  between  the  crust  and  the  tegmentum,  and  is 
also  diffused  among  the  fasciculi  of  the  tegmentum  ;  it  extends  through 
the  whole  width  of  the  crus,  and  from  the  anterior  edge  of  the  pons  to 
the  corpora  albicantia,  and  is  continuous  behind  with  the  grey  matter 
of  the  pons  and  medulla  oblongata.  It  consists  of  nerve-cells,  of  various 
form,  about  iVoo-th  of  an  inch  average  diameter,  somewhat  smaller  than 
those  of  the  locus  coeruleus,  and  containing  much  dark  pigment.  In 
the  upper  part  of  each  tegmentum  is  a  round  reddish  grey  centre,  the 
nucleus  of  the  tegmentum,  the  red  centre  of  Stilling,  the  superior  olive 
of  Luys,  lying  near  the  side  of  the  third  ventricle.  It  is  due  to  a 
deposit  of  finely  granular  substance,  containing  branching  pigmented 
nerve- cells. 

Corpora  quadrigemina. — In  the  centre  of  each  grey  matter  is  also 
found,  which  is  more  abundant,  although  the  cells  are  smaller,  in  the 
posterior  than  in  the  anterior.  In  the  former,  the  cells  do  not  exceed 
o-Jg^th  of  an  inch  diameter,  but  in  the  latter  they  are  fewer,  larger, 
and  more  distinctly  branched.  The  grey  matter  of  the  corpora  quadri- 
gemina  is  continuous  in  front  with  that  of  the  optic  thalamus,  and  behind 
with  that  of  the  pons,  and,  by  means  of  the  nucleus  of  the  roof  of  the 
fourth  ventricle,  with  the  dentate  nuclei  of  the  cerebellum. 

Corpora  geniculata. — Grey  matter  occurs  in  both.  The  iyimr  con- 
tains numerous  small  nerve-cells  similar  to  those  of  the  corpora  quadri- 
gemina,  mingled  with  fibres  which  pass  through  it  from  the  same 
source.  Among  them  are  also  nuclei  lying  in  clear  spherical  spaces. 
The  outer  is  densely  filled  with  large  yellow  branching  and  fusiform 
cells,  and  among  them  pass  the  fibres  of  the  outer  portion  of  the  optic 
tract,  gathered  in  four  or  six  laminse,  which  alternate  Avith  thicker 
layers  of  the  cellular  substance. 

The  optic  thalamus  consists  of  grey  matter  which  is  mingled  very 
uniformly  with  the  interlacing  fibres  of  which  it  is  in  great  measure 
composed.  The  cells,  most  abundant  in  the  anterior  tubercle,  are 
large,  stellate,  and  pigmented,  about  Ta'ooth  of  an  inch  in  diameter. 
A  large  proportion  of  them  are  fusiform,  with  two  processes,  and  there 
are  fewer  small  cells  in  the  thalamus  than  in  the  other  ganglia. 

The  middle  or  greg  commissure,  connecting  the  two  thalami,  consists 
of  small  cells,  densely  massed  together,  and  containing  yellow  pigment. 

The  corpus  striatum  contains  much  grey  matter,  arranged  in  two 
chief  masses.     One  of  them,  the  intraventricular,  is  seen  in  the  lateral 
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ventricle  ;  the  other,  or  extraventricnlar,  situated  move  externally  and 
infeviorly,  is  hidden  in  the  white  mass  of  the  hemisphere.  It  is  sepa- 
rated from  the  first  by  the  white  substance  of  the  corona  radiata,  which 
appears  on  a  horizontal  section  as  a  broad  white  band  extending  from 
behind  forward  between  the  two  grey  masses,  and  traversed  by  streaks 
of  grey  matter  passing  from  one  to  the  other.  The  intraventricular  part, 
also  named  the  nucleus  caudatus  (corpus  striatum  proper  of  Henle  and 
others)  is  connected  below  with  the  lamina  cinerea,  and  with  that  part 
of  the  grey  matter  of  the  optic  thalamus  which  is  seen  in  the  third 
ventricle.  The  extraventricnlar  part,  named  nucleus  lenticularis,  is 
continuous  below  with  the  caudate  nucleus,  and  with  the  grey  matter 
of  the  anterior  perforated  space.  Strise  of  grey  matter  pass  from  one 
centre  to  the  other.  Between  the  lenticular  nucleus  and  the  island  of 
Reil,  which  lies  opposite  to  it,  there  intervenes  a  thin  lamelliform 
deposit  of  grey  matter,  the  claustrum  (Burdach),  nucleus  tmniceformis 
(Arnold),  which,  in  transverse  section,  is  seen  as  a  thin  line. 

The  caudate  nucleus  presents  nerve-cells,  large  and  small,  in  great  abun- 
dance, scattered  among  the  fibres  which  pass  through  it,  and  embedded 
in  a  granular  substance  containing  nuclei.  Three  forms  of  cells  have 
been  described, — large  multipolar  cells,  about  xiVo  i^^^h  in  diameter, 
having  branching  processes,  and  containing  rounded  nuclei  and  pig- 
ment ;  similar  but  smaller  cells,  about  half  that  size,  and  small 
elements  like  nuclei,  but  differing  from  the  nuclei  of  the  connective 
tissue.  No  axis-cylinder  process  has  been  distinguished  in  any  of  the 
cells  of  the  corpus  striatum.  Peculiar  clear  spherical  areas,  containing 
a  large  granule,  a  nucleus,  or  a  nucleus  surrounded  by  granules,  also 
occur  in  it  (Henle). 

Of  the  lenticular  nucleus  the  two  inner  zones  (see  p.  549)  contain 
numerous  large  branching  nerve-cells,  yellowish  in  tint,  many  of  them 
surrounded  by  clear  spherical  areas.  The  striation  of  the  outer  zone 
is  due  to  radiating  bundles  of  nerve-fibres  alternating  with  grey  matter 
in  which  are  clear  spaces  containing  granules  and  nuclei,  such  as  are 
found  in  the  corpus  striatum. 

The  clcmstrum  contains  scattered  nerve-cells,  most  of  Avhich  contain 
yellow  pigment,  and  which  resemble  in  their  fusiform  shape  and  bipolar 
processes  the  cells  of  the  posterior  vesicular  columns  of  the  spinal  cord. 

IVEeynert's  Terminology. — According  to  Professor  Meynei-t,  of  Vienna,  the 
stnictiu'al  an-angement  of  tlie  brain  differs  in  many  respects  from  the  descrip- 
tion commonly  given  of  it.  His  terminology  also  differs  from  that  in  ordinary 
use.  The  details  of  the  conclusions  to  which  he  arrives  will  be  found  in  his  article 
on  the  brain,  in  Strieker's  "  Handbook  of  Histology." 

He  groups  the  grey  substance  of  the  central  nervous  system  into  four 
categories. 

1.  The  superficial  grey  substance  of  the  cerebral  hemispheres. 

2.  The  grey  substance  of  the  cerebral  ganglia  (corpus  striatum  proper,  lenti- 
cular nucleus,  optic  thalamus,  coi-pora  quadrigemina,  locus  niger,  &c.). 

3.  The  grey  substance  which  surrounds  the  central  cavities  of  the  brain  and 
spinal  cord.  Commencing  above  at  the  infundibulum,  it  lines  the  fifth  ventricle 
and  the  aqueduct  of  Sylvius,  extends  through  the  fourth  ventricle,  and  surrounds 
the  canal  of  the  sisinal  cord. 

4.  The  cerebellum  and  its  appendages,  including  the  grey  substance  traversed 
by  its  commissural  fibres  in  the  anterior  medullary  velmn  and  the  pons. 

If  the  whole  tract  of  nervous  conduction,  from  the  grey  matter  of  the  cerebral 
convolutions,  on  the  one  hand,  to  the  peripheral  terminations  of  the  nerves  of 
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sense  and  motion  on  the  other,  be  reg-arded  as  a  whole,  it  is  seen  to  traverse  the 
second  and  third  groups  of  grey  substance,  that  of  the  cerebral  ganglia,  and  that 
of  the  central  grey  substance.  These  divide  it  into  three  segments, — an  upper, 
middle,  and  lower.  These  three  segments  are  termed  projection  systems,  since 
the  function  of  the  whole  nervous  tract  may  be  considered  as  being  to  project 
the  external  world  on  the  cerebral  convolutions,  and  conversely  the  changes  in 
the  cerebral  convolutions  upon  the  motor  organs. 

First  "projectioii  system  (P.  S.  I.)  between  the  convolutions  above  and  the 
cerebral  ganglia  (corpus  striatum,  &c.)  below,  corresponds  for  the  most  part  to 
the  corona  radiata  (Stabki-anz). 

Second  2)rojectio)i  system  (P.  S.  II.),  between  the  cerebral  ganglia  above  and  the 
central  grey  matter  below.  As  the  latter  extends  from  the  fifth  ventricle  to 
the  lower  end  of  the  spinal  cord,  the  fibres  of  this  system  are  of  very  various 
length'-. 

Third  projection  system  (P.  S.  III.)  from  the  grey  matter  of  the  central  cavities 
to  the  muscles  and  tenninations  of  the  sensory  nerves,  corresponding  nearly  to 
the  peripheral  nerves. 

The  other  systems  of  fibres  are  (as  commonly  enumerated)  the  commissural, 
consisting  of  the  corpus  callosum  and  anterior  commissure,  which  unite  identical 
regions  of  different  hemispheres,  and  the  association  system  of  fibres  which  unite 
non-identical  regions  of  the  same  hemisphere. 

In  the  passage  from  P.  S.  I.  to  P.  S.  II.,  which  is  effected  in  the  cerebral 
ganglia,  the  fibres  undergo  considerable  reduction  in  number,  the  fibres  of  the 
crus  being  much  fewer  than  those  of  the  corona  radiata.  On  the  other  hand,  in 
the  transition  from  P.  S.  II.  to  P.  S.  III.,  in  the  grey  substance  of  the  central 
cavities,  the  fibres  undergo  a  great  increase  in  number  :  the  peripheral  nerve- 
fibres  being  much  more  numerous  than  those  of  the  crus  or  cord. 

The  division  of  the  fibres  of  the  crus  into  two  portions,  an  anterior  or  lower 
crusta  (Fuss),  and  an  upper  or  posterior  tegmentum  (Haube),  may  be  extended 
to  the  cerebral  ganglia  in  which  the  fibres  of  each  portion  respectively  terminate 
above. 

The  ganglia  connected  with  the  crusta  are  the  lenticular  nucleus,  the  corpus 
striatmn  proper,  and  locus  niger.  They  are  connected  (by  P.  S.  I.)  chiefly  with 
the  anterior  part  of  the  brain,  and  subserve  chiefly  voluntary  motion. 

The  ganglia  of  the  tegmentum  are  the  optic  thalami,  corpora  quadrigemina, 
corpora  geniculata  interna,  corpora  albicantia,  and  subserve  chiefly  reflex 
movements. 

Certain  fibres,  thought  to  be  sensory,  pass  up  from  the  posterior  columns  of 
the  cord,  and  form  the  posterior  and  outer  fasciculi  of  the  crusta  of  the  crus 
cerebri.  They  pass  through  no  ganglion,  but  ascend  behind  the  optic  thalamus 
to  the  cortex  of  the  temporal  lobes. 

The  cerebellar  grey  substance  is  connected  with  that  of  the  cerebrum  by  two 
gi-oups  of  fibres. 

1.  The  connecting  arm  (Bindeai-m),  processus  a  cerebello  ad  cerebrum,  arises 
from  the  corona  radiata,  and  passes  under  the  thalamus  and  corpora  quadri- 
gemina, to  mix  with  the  fibres  of  the  tegmentum,  and  reach  the  cerebellum 
after  a  total  decussation. 

2.  The  size  of  the  crusta  above  the  pons,  is  much  greater  than  that  of  the 
motor  ti'act  below  ;  and  this  is  due  to  the  fact  that  some  of  its  fibres  turn  aside 
in  the  pons  and  reach  the  cerebellum  through  the  middle  peduncle. 

The  iinion  of  the  cerebellum  with  the  spinal  cord  is  also  double,  through  the 
fasciculus  cuneatus  and  fasciculus  gracilis,  from  the  posterior  column,  and  the 
restiform  body,  from  the  lateral  column. 

The  large  size  of  the  pons  is  due  to  the  interlacement  of  the  arms  of  the  cere- 
bellum v/ith  the  projection  system. 

ORIGIN    OF    THE    CEANIAL    NEKVES. 

The  surface  attactnnents  of  the  cranial  nerves  remain  to  be  described, 
and  it  will  be  convenient  to  recapitulate  at  the  same  time  their  deep 

connections. 
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The  first  or  olfactory  nerve,  or  tract,  is  attached  to  the  under 
surface  of  the  frontal  lobe,  in  front  of  the  anterior  perforated  space, 
by  three  roots,  named  external,  middle,  and  internal. 

The  external  or  long  root  passes  outwards  as  a  band  of  white  fibres, 
along  the  anterior  margin  of  the  perforated  space,  towards  the  posterior 
border  of  the  fissure  of  Sylvius,  where  it  disappears.  Its  fibres  have 
been  traced  by  different  observers  to  the  island  of  Reil,  the  optic 
thalamus  (Valentin),  and  to  a  nucleus  in  the  substance  of  the  teraporo- 
sphenoidal  lobe,  in  front  of  the  anterior  extremity  of  the  hippocampus 
(Eolando,  Luys,  Foville). 

The  middle  or  grey  root  is  of  pyramidal  shape,  and  consists  of  grey 
matter  on  the  surface  continuous  with  the  adjacent  grey  substance  of 
the  anterior  perforated  space.  Within  it  are  white  fibres,  which  have 
been  said  to  go  to  the  corpus  striatum,  or  to  join  the  fibres  of  the  inner 
root. 


Fig.  393. 


Fig.    393.  — View    from 

BELOW  OF  THE  CONNEC- 
TIONS OF  THE  Principal 
Nerves  with  the 
Brain  (Allen  Thomson). 

The  full  description  of 
this  figure  will  be  found  at 
page  534.  The  following 
references  applj-  to  the 
roots  of  the  nerves. 

I',  the  right  olfactory 
tract  cut  short  and  lying 
in  its  groove  ;  II,  the  left 
optic  nerve  in  front  of 
the  commissure,  which  is 
concealed  by  the  pituitary 
body  ih)  ;  II'.  The  left 
tract  is  seen  passing  back 
into  e,  the  external,  and  i, 
the  internal  corpus  geni- 
culatum  ;  III,  the  left 
oculo-motor  nerve  ;  IV, 
the  fourth  or  trochlear 
nerve  ;  V,  the  gi'eaterroot 
of  the  fifth  nerve  ;  + ,  the 
lesser  or  motor  root ;  on 
the  right  side  this  +  is 
placed  on  the  Gasserian 
ganglion ;  VI,  the  sixth 
nerve  ;  Vll  a,  the  facial 
(the  origin  of  which  is 
shown  as  extending  down- 
wai-ds  too  far)  ;  VII  b,  the 
auditory  nerve  ;  VIII,  the 
pneumo-gasti'ic  neiwe  ; 
VIII  a,  the  glosso-pharyn- 
geal  ;  VIII  b,  the  spinal 
accessory  nerve  ;  IX,  the 
hypoglossal  nerve  ;  C  I, 
the   first    cervical    nerve. 

With  this  fig.  385  may 
be  compared. 


The  inner  root,  not  always  distinct,  is  composed  of  white  fibres  from 
the  inner  and  posterior  part  of  the  frontal  lobe.     They  are  said  to  be 
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connected  with  the  gyrus  fornicatus,  or  to  cross  over  to  the  opposite 
side. 

Second  or  optic  nerves.  Each  optic  tract  may  be  traced  backwards 
from  the  commissure,  across  the  crus,  to  the  under  surface  of  the  optic 
thalamus,  at  the  posterior  extremity  of  which  it  ends  by  blending  with 
the  corpora  geniculata.  Its  fibres  may  be  traced  into  the  corpora  geni- 
culata,  the  optic  thalamus,  and  the  anterior  of  the  corpora  quadri- 
gemina.  Those  which  enter  the  thalamus  pass,  some  through  the 
corpora  geniculata,  some  beneath  the  inner  corpus  geniculatum,  between 
it  and  the  crus  (as  the  middle  root  of  some  authors)  to  reach  the  cells 
of  the  lower  stratum  of  the  thalamus.  A  few  fibres  arise  in  the  base  of 
the  brain,  from  the  lamina  cinerea,  and  from  a  collection  of  grey  matter 
on  the  outer  side  of  the  tuber  cinereum. 

Third  or  oculo-motor  nerve.  Each  nerve  arises  from  the  inner 
surface  of  the  crus  cerebri,  immediately  in  front  of  the  pons,  by  a 
number  of  fasciculi  which  are  attached  to  the  surface  in  an  oblique  line. 

The  fibres,  diverging,  pass  backward  through  the  substance  of  the  teg- 
mentum of  the  crus,  some  through  the  locus  niger,  some  through  the 
tegmental  nucleus,  to  reach  the  grey  nucleus  in  which  the  majority  of 
them  end.  This  is  a  column  of  multipolar  nerve-cells,  beneath  the 
grey  floor  of  the  aqueckict  of  Sylvius,  below  the  corpora  quadrigemina, 
•and  extending  beneath  the  upper  part  of  the  fourth  ventricle. 

The  fourth  or  trochlear  nerve,  which  appears  in  the  base  at  the 
outer  side  of  the  crus  cerebri,  arises  from  the  surface  of  the  valve  of 
Vieussens,  immediately  behind  the  corpora  quadrigemina,  and  close  to 
the  middle  line. 

In  the  substance  of  the  valve,  the  fibres  of  each  root  divide  into  three 
groups.  Of  these,  one,  ascending,  passes  obliquely  forwards  and  up- 
wards in  the  wall  of  the  aqueduct  of  Sylvius,  to  end  in  the  posterior 
part  of  the  nucleus  beneath  the  corpora  quadrigemina,  the  anterior 
part  of  which  gives  origin  to  the  fibres  of  the  third  nerve.  A  second 
group  of  descending  fibres  pass  on  the  outer  side  of  the  locus  coeruleus 
to  the  neighbourhood  of  the  nucleus  of  the  fifth  nerve.  A  third  group 
of  decussating  fibres  cross  to  the  other  side,  to  join  the  ascending  or 
descending  fibres  of  the  other  nerve. 

The  fifth  nerve  {trifacial  or  trigemincd)  arises  from  the  side  of  the 
pons  Varolii,  nearer  to  the  upper  than  to  the  lower  border.  It  consists 
of  two  parts  of  unequal  size,  the  smaller,  motoi',  root  being  separated 
from  the  other  by  a  few  transverse  fibres  of  the  pons. 

Both  roots  curve  backwards  and  downwards  in  the  substance  of  the 
pons,  towards  the  outer  angle  of  the  floor  of  the  fourth  ventricle,  near 
the  fovea  centralis.  The  fibres  of  the  sensory  root  turn  outwards,  most 
of  them  to  end  in  a  collection  of  nerve-cells  on  their  outer  side,  con- 
tinuous below  with  the  grey  tubercle  of  Eolando.  Some  fibres  pass 
inwards  beneath  the  floor  of  the  fourth  ventricle  to  the  middle  line. 
Others  descend  in  front  of  the  nucleus,  to  the  lower  part  of  the  medulla. 
The  fibres  of  the  small  root  go  to  a  group  of  large  multipolar  nerve- 
cells,  to  the  inner  side  of  the  fibres  of  the  nerve,  and  near  the  outer 
angle  of  the  floor  of  the  fourth  ventricle.  The  prolongation  down- 
wards of  this  nucleus  (seen  at  Vm,  in  fig.  359)  extends  to  the  lower 
part  of  the  medulla. 

The  sixth  or  abducent  nerve  arises  from  the  front  of  the  ante- 
rior pyramid,  close  to  the  lower  edge  of  the  pons,  to  which  it  is  some- 
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times  adlierent.  Its  fibres  pass  backwards  and  a  little  outwards,  to 
reach  the  nucleus  common  to  this  and  the  facial  nerve,  a  column  of 
large  multipolar  nerve-cells,  beneath  the  eminentia  teres  in  the  middle 
of  the  floor  of  the  fourth  ventricle.  In  the  inner  part  of  this  nucleus 
most  of  the  fibres  end. 

The  facial  nerve  {portio  dura  of  the  seventh  pair)  appears  at  the 
lower  border  of  the  pons  Varolii  in  a  line  with  the  attachment  of  the 
fifth  nerves.  It  emerges  from  the  medulla  oblongata,  in  the  outer  part 
of  the  depression  between  the  olivary  body  and  the  diverging  restiform 
body  (inferior  peduncle  of  cerebellum),  and  is  often  firmly  adherent,  as 
a  flattened  band,  to  the  lower  edge  and  even  for  a  short  distance  to  the 
upper  surface  of  the  pons.  On  its  outer  side  is  the  auditory  nerve. 
A  separate  fasciculus  of  the  facial  nerve  {intermediate  part)  is  sometimes 
attached  to  both  auditory  and  facial  nerves. 

The  fibres  pass  backwards  and  inwards  through  the  medulla  towards 
the  floor  of  the  fourth  ventricle,  where  many  end  in  the  outer  part  of 
the  common  nucleus,  just  described  as  lyv^g  beneath  the  eminentia  teres 
in  the  middle  of  the  fourth  ventricle.  A  considerable  number  of  fibres 
pass  above  the  nucleus  and  turn  round  it,  just  beneath  the  surface  of 
the  ventricular  floor,  to  descend  as  a  compact  bundle  on  the  inner  side 
of  the  common  nucleus  ;  lower  down  these  fibres  diverge  outwards  and 
forwards  to  the  superior  olivary  body  and  adjacent  lower  part  of  the 
nucleus  of  the  motor  root  of  the  fifth  nerve  (fig.  359). 

The  auditory  nerve  {portio  mollis  of  the  seventh  pair)  appears  at 
the  lower  edge  of  the  pons  on  the  outer  side  of  and  close  to  the  facial 
nerve.  It  is  also  united  to  the  lower  edge  of  the  pons  opposite  the 
inner  side  or  middle  of  the  restiform  body  from  which  it  emerges.  A 
large  and  conspicuous  portion  of  the  nerve  curves  outwards  round  the 
restiform  body. 

The  fibres  of  the  nerve  divide  into  two  corresponding  bundles,  one  the 
posterior,  winds  round  the  restiform  body,  with  which  it  is  connected  by 
some  fibres  of  origin,  to  reach  the  inner  auditory  nucleus,  a  large  col- 
lection of  nerve  cells,  in  the  outer  side  of  the  lower  part  of  the  floor  of 
the  fourth  ventricle.  The  other,  or  anterior  division,  passes,  a  little 
higher  up,  through  the  substance  of  the  restiform  body  to  end  chiefly  in 
the  outer  auditory  nucleus,  a  network  of  ceils  and  fibres,  to  the  outer 
side  of  the  inner  nucleus  and  of  this  part  of  the  nerve.  Some  of  its 
fibres  go  to  the  inner  nucleus,  others  pass  with  the  restiform  body  to  the 
cerebellum.  Both  portions  contain  much  grey  matter,  which  on  the 
posterior  part  forms  a  pyriform  swelling.  The  trunk  is  also  joined  by 
some  fibres  from  the  striee  medullares. 

The  glosso-pharyngeal  nerve  arises  from  the  side  of  the  medulla 
by  a  series  of  five  or  six  roots  attached  in  a  vertical  line  to  the  surface 
of  the  restiform  body,  the  highest  being  close  to  the  auditory  nerve. 
The  fibres  pass  backwards  and  inwards,  through  the  medulla,  to  reach  a 
column  of  nerve-cells  placed  deeply  beneath  the  lower  and  outer  part  of 
the  floor  of  the  fourth  ventricle,  between  the  highest  part  of  the  vagal 
nucleus  and  the  lower  part  of  the  internal  auditory  nucleus. 

The  pneumogastric  or  vagus  nerve  arises  from  the  side  of  the 
medulla  by  a  series  of  twelve  or  more  roots,  which  are  attached  to  the 
restiform  body  in  a  vertical  line  below  those  of  the  glosso-pharyngeal 
nerve.  The  fibres  pass  backwards  to  a  large  group  of  nerve  cells  be- 
neath the  lowest  part  of  the  floor  of  the  fourth  ventricle,  where  they 
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cause  a  prominence  on  the  surface.  At  the  ]3oint  of  the  calamus  scrip- 
torius  the  nuclei  are  in  contact  at  the  middle  line,  but  a  little  higher 
up  are  separated  by  the  hypoglossal  nuclei. 

The  spinal  accessory  nerve  arises  by  a  long  series  of  roots,  the 
upper  of  which  are  attached  to  the  side  of  the  medulla,  below  those  of 
the  pneumogastric,  wliile  the  remainder  arise  from  the  cervical  portion  of 
the  spinal  cord,  as  low  down  as  the  sixth  or  seventh  pair  of  nerves.  The 
upper  roots  pass  inwards  to  a  nucleus  which  lies  on  each  side  at  the  back 
of,  and  close  to,  the  central  canal,  and  is  continuous,  above,  with  the 
nucleus  of  the  pneumogastric  nerve.  The  lower  roots  pass  through  the 
lateral  columns  of  the  cord  to  the  grey  substance  and  curve  forwards 
into  the  anterior  cornu. 

The  hypoglossal  nerve  arises  by  a  series  of  fine  roots  attached  to 
the  furrow  between  the  anterior  pyramid  and  the  olivaiw  body.  They 
]3ass  backwards,  through  the  inner  part  of  the  olivary  body,  to  reach 
their  nucleus,  a  long  column  of  nerve  cells,  the  lower  part  of  which  lies 
in  front  of  the  central  canal  on  each  side,  and,  higher  up,  comes  forward 
to  form  a  prominence  on  the  floor  of  the  fourth  ventricle,  close  to  the 
middle  line. 


THE    MEMBRAITES   OF   ^HE    BEAI^ST  AITD   SPIITAIj    COBD. 

The  cerebro-spinal  axis  is  protected  by  three  membranes,  named  also 
meninges.  They  are  : — 1.  An  external  fibrous  membrane,  named  the 
dura  mater,  which  closely  lines  the  interior  of  tl>e  skull,  and  forms  a 
loose  sheath  in  the  spinal  canal  ;  2.  An  internal  areolo-vaseular  tunic, 
the  pia  mater,  which  accurately  covers  the  brain  and  spinal  cord  ;  and 
3.  An  intermediate  membrane,  the  arachnoid,  which  lies  over  the  pia 
mater,  the  two  being  in  some  places  in  close  connection,  in  others 
separated  by  a  considerable  space. 

THE  DUEA  MATER. 

The  dura  mater  is  a  very  strong  dense  inelastic  fibrous  tunic  of  con- 
siderable thickness.  Its  inner  surface,  turned  towards  the  brain  and 
spinal  cord,  is  smooth  and  lined  with  epithelium,  which  has  been 
generally  regarded  as  constituting  a  parietal  reflection  of  the  arachnoid 
membrane.  The  space  between  the  dura  mater  and  arachnoid,  formerly 
in  like  manner  regarded  as  the  sac  of  the  arachnoid,  has  been  conve- 
niently termed  the  subdural  space.  The  outer  surface  of  the  dura  mater  is 
connected  with  the  surrounding  parts,  in  a  somewhat  different  manner 
in  the  cranium  and  in  the  spinal  canal. 

In  the  cranium  it  adheres  to  the  inner  surface  of  the  bones,  and 
forms  their  internal  periosteum.  The  connection  between  the  two 
depends,  in  a  great  measure,  on  blood-vessels  and  small  fibrous  pro- 
cesses, which  pass  from  one  to  the  other  ;  and  the  dura  mater,  when 
detached  and  allowed  to  float  in  water,  presents  a  flocculent  appearance 
on  its  outer  surface,  in  consequence  of  the  torn  parts  projecting  from 
it.  The  adhesion  between  the  membrane  and  the  bone  is  more  intimate 
opposite  the  sutures,  and  also  at  the  base  of  the  skull,  which  is  uneven, 
and  perforated  by  numerous  foramina,  through  which  the  dura  mater 
is  prolonged  to  the  outer  surface,  being  there  continuous  with  the  peri- 
cranium. The  fibrous  tissue  of  the  dura  mater  becomes  blended  with  th€ 
areolar  sheath  of  the  nerves  at  the  foramina  which  give  exit  to  them. 
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In  leaving  the  skull,  the  clnra  mater  is  intimately  attached  to  the 
margin  of  the  foramen  magnum  ;  but  within  the  vertebral  canal  it 
forms  a  loose  sheath  around  the  cord  {tJieca),  and  is  not  adherent  to 
the  bones,  which  have  an  independent  periosteum.  Towards  the  lower 
end  of  the  canal,  a  few  fibrous  slips  proceed  from  the  outer  surface  of 
the  dura  mater  to  be  fixed  to  the  vertebras.  The  space  intervening 
between  the  wall  of  the  canal  and  the  dura  mater  is  occupied  by  loose 
fat,  by  watery  areolar  tissue,  and  by  a  plexus  of  spinal  veins. 


Fig.  394. — The  Ceanium  opened  to  show  the  Falx  of  the  Cerebrum,  and  Tentorium 
OF  the  Cerebellum.     (Allen  Thomson.)     ^ 

a,  right  side  of  the  falx  cerebri ;  a',  its  anterior  narrow  part  attached  to  the  crista 
galli  ;  h,  tentorinm  cerehelli  of  the  right  side,  united  to  the  base  of  the  falx  cerebri 
from  2  to  3,  in  the  line  of  the  straight  sinus,  and  attached  to  the  superior  border 
of  the  petrous  bone  between  3  and  3'  ;  V,  aperture  between  the  right  and  left  divisions 
of  the  tentorium  for  the  isthmus  cerebri ;  1,  1,  the  superior  longitudinal  sinus  ;  2,  2,  the 
inferior  ;  3,  3,  the  lateral  sinus  ;  3,  3',  the  superior  petrosal  sinus  ;  3',  is  close  to  the 
anterior  clinoid  process. 

Opposite  each  intervertebral  foramen  the  dura-matral  theca  presents 
two  openings,  placed  side  by  side,  which  give  passage  to  the  two  roots 
of  the  corresponding  spinal  nerve.  It  is  continued  as  a  tubular  pro- 
longation on  the  nerve,  and  is  lost  in  its  sheath.  Besides  this,  it  is 
connected  with  the  circumference  of  the  foramen  by  areolar  tissue. 

The  fibrous  tissue  of  the  dura  mater,  especially  within  the  skull,  is 
divisible  into  two  distinct  layers,  and  at  various  places  these  layers 
separate  from  each  other  and  leave  intervening  channels,  called  sinuses. 
These  sinuses,  which  have  been  elsewhere  described,  are  canals  for 
venous  blood,  and  are  lined  with  a  continuation  of  the  internal  mem- 
brane of  the  veins. 

The  dura  mater  also  sends  inwards  into  the  cavity  of  the  skull  three 
strong  raQmhroxvovi's,  processes,  or  partitions,  formed  by  duplication  of  its 
inner  layer.    Of  these,  one  descends  vertically  in  the  median  plane,  and 
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is  received  into  the  longitudinal  fissure  between  the  two  hemispheres  of 
the  cerebrum.  This  is  the  falx  cere'bri.  The  second  is  an  arched  or 
vaulted  partition,  stretched  across  the  back  part  of  the  skull,  between 
the  cerebrum  and  the  cerebellmn  ;  it  is  named  the  tentorium  ccrehelli. 
Below  this,  another  vertical  partition,  named  falx  cpreheJli,  of  small 
extent,  passes  down  between  the  hemispheres  of  the  cerebellum. 

The  falx  ceret)ri  is  narrow  in  front,  where  it  is  fixed  to  the  crista 
galli,  and  broader  behind,  where  it  is  attached  to  the  middle  of  the 
upper  surface  of  the  tentorium,  along  which  line  of  attachment  the 
straight  sinus  is  situated.  Along  its  upper  convex  border,  which  is 
attached  above  to  the  middle  line  of  the  inner  surface  of  the  cranium, 
runs  the  superior  longitudinal  sinus.  Its  under  edge  is  free,  and  reaches 
to  within  a  short  distance  of  the  corpus  callosum,  approaching  nearer 
to  it  behind.     This  border  contains  the  inferior  longitudinal  sinus. 

The  tentorium.,  or  tent,  is  elevated  in  the  middle,  and  declines  down- 
wards in  all  directions  towards  its  circumference,  thus  corresponding  in 
form  with  the  upper  surface  of  the  cerebellum.  Its  inner  border  is 
free  and  concave,  and  leaves  in  front  of  it  an  oval  opening,  through 
which  the  isthmus  encephali  descends.  It  is  attached  behind  and  at 
the  sides  by  its  convex  border  to  the  horizontal  part  of  the  crucial 
ridges  of  the  occipital  bone,  and  there  encloses  the  lateral  sinuses. 
Farther  forward  it  is  connected  Avith  the  upper  edge  of  the  petrous 
portion  of  the  temporal  bone — the  superior  petrosal  sinus  runuing 
along  this  line  of  attachment.  At  the  point  of  the  pars  petrosa,  the 
external  and  internal  borders  meet,  and  may  be  said  to  intersect  each 
other — the  former  being  then  continued  inwards  to  the  posterior,  and 
the  latter  forwards  to  the  anterior  clinoid  process. 

The  falx  cerelielU  (falx  minor)  descends  from  the  middle  of  the 
posterior  border  of  the  tentorium,  with  which  it  is  connected,  along 
the  vertical  ridge  named  the  internal  occipital  crest,  towards  the  fora- 
men magnum,  bifurcating  there  into  two  smaller  folds.  Its  attach- 
ment to  the  bony  ridge  marks  the  course  of  the  posterior  occipital  sinus^ 
or  sinuses. 

Structure. — The  dura  mater  consists  of  white  fibrous  and  elastic 
tissue,  arranged  in  bands  and  lamina,  crossing  each  other.  In  the 
spinal  dura  mater  the  bundles  have  a  more  nearly  parallel  arrangement. 
A  layer  of  pavement  epithelium  exists  upon  its  inner  surface,  which 
was  formerly  regarded  as  belonging  to  the  serous  membrane  lining  it. 
A  similar  layer  of  epithelium  also  covers  both  sides  of  the  spinal  dura 
mater.  The  cranial  membrane  is  traversed  by  numerous  blood-vessels 
which  are  chiefly  destined  for  the  bones.  An  extensive  system  of  lymph 
canals  has  been  described,  formed  chiefly  by  the  spaces  between  the 
fibrous  trabeculse,  and  bounded  by  cellular  membranes.  Minute  nervous 
filaments,  derived  from  the  fourth,  fifth,  and  eighth  cranial  nerves,  and 
from  the  sympathetic,  are  described  as  entering  the  dura  mater  of  the 
brain.  Nervous  filaments  have  likewise  been  traced  in  the  dura  mater 
of  the  spinal  column.     (Luschka  and  Eiidinger,  quoted  by  Hyrtl.) 

THE3   PIA  MATEE. 

The  pia  mater  is  a  delicate,  fibrous,  and  highly  vascular  membrane, 
which  immediately  invests  the  brain  and  spinal  cord. 

Upon  the  hemispheres  of  the  brain  it  is  applied  to  the  entire  cortical 
surface  of  the  convolutions,  and  dips  into  all  the  sulci,  which  thus 
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contain  a  double  layer.  From  its  internal  surface  numeronB  small 
Yessels  enter  the  substance  of  the  brain,  and  hence  this  inner  surface 
is  very  flocculent,  and  is  named  tomentum  cerebri.  On  the  cerebellum 
a  similar  arrangement  exists,  but  the  membrane  is  finer,  and  the 
double  fold  only  distinct  in  the  larger  sulci.  The  pia  mater  is  also 
prolonged  through  the  transverse  fissure  into  the  lateral  ventricles,  and 
there  forms  the  velum  intei-positum  and  choroid  plexus.  It  is  also 
prolonged  into  the  fourth  ventricle,  where  it  forms  the  choroid  plexus 
of  the  fourth  ventricle. 

On  the  spinal  cord  the  pia  mater  has  a  very  different  character  from 
that  which  it  presents  on  the  encephalon,  so  that  it  has  even  been 
described  by  some  as  a  different  membrane  under  the  name  neurilemma 
of  the  cord.  It  is  thicker,  firmer,  less  vascular,  and  more  adherent  to 
the  subjacent  nervous  matter :  its  greater  strength  is  owing  to  its 
containing  fibrous  tissue,  which  is  arranged  in  longitudinal  shining 
bundles.  A  fold  of  this  membrane  dips  down  into  the  anterior  fissure 
of  the  cord,  and  serves  to  conduct  blood-vessels  into  that  part.  A 
thinner  process  passes  into  the  greater  part  of  the  posterior  fissure. 
At  the  roots  of  the  nerves,  both  in  the  spine  and  in  the  cranium,  the 
pia  mater  becomes  continuous  with  the  neurilemma. 

The  pia  mater  of  the  cord  presents  a  conspicuous  fibrous  band,  run- 
ning down  in  front  over  the  anterior  median  fissure.  This  was  named 
by  Haller,  linea  splendens. 

Structiire. — The  jDia  mater  consists  of  interlaced  bundles  of  connec- 
tive tissue,  having  a  more  regular  arrangement  in  the  outer  and  inner 
layers,  while  in  the  middle  is  a  network  of  fine  elastic  fibres.  On  the 
cord  the  outer  fibres  are  for  the  most  part  parallel  and  longitudinal, 
and  the  inner  network  consists  of  peculiar  stiff  fibres  bending  sud- 
denly and  enclosing  angular  interspaces.  Beneath  them  is  a  fine  mem- 
brane continuous  with  the  neuroglia  of  the  cord.  On  the  cord 
pigmented  cells  are  sometimes  scattered  among  the  elastic  fibres.  The 
pia  mater  contains  great  numbers  of  blood-vessels,  which  subdivide  in 
it  before  they  enter  the  nervous  substance.  Each  vessel  lies  in  a 
canal,  the  walls  of  v\^hich  are  composed  of  a  more  dense  arrangement 
of  the  fibres  of  the  membrane  (perivascular  canal).  The  diameter  of 
the  canal  may  be  two  or  three  times  that  of  the  contained  vessel.  A 
similar  sheath,  derived  from  the  pia  mater,  accompanies  the  vessel  into 
the  substance  of  the  brain.  At  its  commencement  it  is  loose  and  funnel- 
shaped  and  can  be  injected  from  the  subarachnoid  cavity.  On  the 
cerebrum  the  inner  layer  of  the  pia  mater  is  adherent  to  the  cortical 
substance  of  the  convolutions,  but  on  the  cerebellum  a  space  exists 
between  the  two,  traversed  by  fibres  which  pass  from  the  cerebellum  to 
the  pia  mater.  This  space  is  continuous  with  the  intervals  between  the 
perivascular  sheaths  and  the  brain  substance. 

According  to  Fohmann  and  Arnold,  the  pia  mater  contains  numerous 
lymphatic  vessels.  Purkinje  describes  a  retiform  arrangement  of 
nervous  fibrils,  derived,  according  to  KoUiker  and  others,  from  the  sym- 
pathetic, the  third,  sixth,  facial,  pneumogastric,  and  accessory  nerves. 

The  spinal  pia  mater  is  supplied  by  nerves  from  the  sympathetic. 

THE    ABACHNOID    MEMBEANE. 

The  arachnoid  is  a  delicate  membrane  which  invests  the  brain  and 
spinal  cord,  outside  the  pia  mater,  and  much  less  closely  than  that  mem- 
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brane.  It  passes  over  the  various  eminences  and  depressions  on  the 
cerebrum  and  cerebellum,  without  dipping  down  into  the  sulci  and 
smaller  fissures.  Beneath  it,  between  it  and  the  pia  mater,  is  a  space 
(subarachnoid  space)  in  which  is  a  considerable  quantity  of  fluid  (sub- 
arachnoid fluid). 

The  outer  surface  of  the  arachnoid  is  in  contact  with  the  smooth  inner 
surface  of  the  dura  mater,  the  epithelium  upon  which  has  been  regarded 
as  a  parietal  layer  of  the  arachnoid,  closely  united  with  the  dura  mater. 
At  certain  recesses,  and  near  the  longitudinal  sinus,  a  small  amount  of 
loose  connective  tissue  beneath  the  epithelium  may  be  distinguished 
from  the  dense  fibres  of  the  dura  mater.  With  this  epithelium  the 
arachnoid  membrane  (or  visceral  layer,  as  it  was  termed)  has  been 
thought  to  be  continuous  at  the  various  foramina,  the  two  thus  con- 
stituting a  closed  sac  similar  to  that  of  the  pleura.  But  since  the  inner 
surface  of  the  dura  mater  in  the  greater  part  of  its  extent  does  not 
present  any  distinct  tissue  which  can  be  regarded  as  an  attached  mem- 
brane, Kolliker,  Henle,  and  others  consider  that  there  is  no  justification 
for  the  assumption  of  a  parietal  layer  of  the  arachnoid.  Moreover 
recent  investigations  into  the  relation  between  the  arachnoid  and  dura 
mater  on  the  nerve  roots  as  they  leave  the  cranio- vertebral  cavity  have 
shown  that  there  is  no  such  reflection  of  the  arachnoid  on  to  the  dura 
mater  as  had  been  supposed.     (Axel  Key  and  Eetzius). 

The  sulbarachnoid  space  is  wider  and  more  evident  in  some  posi- 
tions than  in  others.  Thus,  in  the  longitudinal  fissure,  the  arachnoid 
does  not  descend  to  the  bottom,  but  passes  across,  immediately  below  the 
edge  of  the  falx,  at  a  little  distance  above  the  corpus  callosum.  In  the 
interval  thus  left,  the  arteries  of  the  corpus  callosum  run  backwards 
along  that  body.  At  the  lase  of  the  brain  and  in  the  simial  canal  there 
is  a  wide  interval  between  the  arachnoid  and  the  pia  mater.  In  the 
base  of  the  brain,  this  subarachnoid  space  extends  in  front  over  the 
pons  and  the  interpeduncular  recess  as  far  forwards  as  the  optic  nerves, 
and  behind  it  forms  a  considerable  interval  between  the  cerebellum  and 
the  back  of  the  medulla  oblongata.  In  the  spinal  canal  it  surrounds 
the  cord,  being  there  of  considerable  extent.  It  is  occupied,  in  both 
brain  and  cord,  by  trabeculse  and  thin  membranous  extensions  of 
delicate  connective  tissue,  connected  on  the  one  hand  with  the  arachnoid, 
and  on  the  other  with  the  pia  mater.  This  tissue  is  most  abundant 
where  the  space  between  the  two  membranes  is  least.  It  is  dense  in 
the  neighbourhood  of  the  vessels,  and  is  continuous  with  the  tissue  of 
their  walls. 

The  subarachnoid  space  communicates  with  the  ventricles  of  the 
brain  by  means  of  the  foramen  of  Magendie,  the  opening  into  the 
lower  part  of  the  fourth  ventricle,  through  the  membrane  which  closes 
it  (p.  513).  Two  other  openings  through  this  membrane  exist,  one 
on  each  side,  behind  the  upper  roots  of  the  glosso-pharyngeal  nerve 
into  the  pouch-like  extension  of  the  membrane  beneath  the  flocculus 
(Mierzejewsky). 

A  certain  quantity  of  fluid  is  contained  between  the  arachnoid  mem- 
brane and  the  dura  mater ;  but  it  has  been  shown  by  Magendie  that  the 
chief  part  of  the  cerebro-spinal  fluid  is  lodged  in  the  subarachnoid 
space  in  the  meshes  of  the  trabecular  tissue. 

The  ligamentum  denticulatum  divides  the  spinal  subarachnoid  space 
into  anterior  and  posterior  portions.     Magendie  also  pointed  out  the 
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existence  of  a  sort  of  septum  {septum  postiami),  dividing  the  subarach- 
noid space  at  the  back  of  the  cord,  the  rehations  of  which  have  been 
carefully  studied  by  Axel  Key  and  Retzius.  It  is  a  thin  membranous 
partition,  which  passes  in  the  median  plane  from  the  pia  mater  covering 
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Fig.  395.— Transverse  Section  op  the  Spinal 
Cord  and  its  Envelopes  (from  Sappey  after 
HirscMeld  and  Leveille). 

1,  dura  mater  or  tlieca  ;  2,  supposed  parietal 
layer  of  the  arachnoid  membrane  ;  3,  internal  or 
loose  arachnoid  ;  4  and  7,  subarachnoid  cavity  or 
space  ;  5,  hinder  part  of  the  an tero- lateral 
column  ;  6,  subdural  space  between  the  arach- 
noid and  the  dura  mater  ;  8.  supposed  reflection 
of  the  one  fold  of  the  arachnoid  into  the  other  ; 
9,  sheath  furnished  to  the  spinal  nerve  by  the 
10,  posterior  ganglionic  root  ;  11,  smaller  anterior  root ;  12,  section  of  the 
ligamentum  denticulatum.  This  ligure  does  not  show  the  septum  which  posteriorly 
divides  the  subarachnoid  space  into  right  and  left  parts  :  this  would  be  placed  between 
the  arachnoid  at  3,  and  the  pia  mater  covering  the  posterior  surface  of  the  cord. 

the  posterior  median  fissure  of  the  cord  to  the  opposite  part  of  the  loose 
portion  of  the  arachnoid  membrane.  It  is  most  perfect  in  the  cervical 
region,  being  incomplete  below,  and  consists  of  numerous  fine  lamellge, 
enclosing  between  them  small  spaces,  within  which  run  the  larger 
blood-vessels,  Trabeculas  connect  the  nerve-roots  with  the  inner  surface 
of  the  arachnoid,  and  in  the  dorsal  region  fine  membranes  extend  be- 
tween the  posterior  nerve-roots  and  the  posterior  septum. 

The  nerves  as  they  pass  from  the  brain  and  spinal  cord  receive  two 
sheaths,  an  outer  from  the  dura  mater,  and  an  inner  fi'om  the  arachnoid. 
Upon  the  optic  nerve  these  sheaths  remain  distinct  and  separate,  so  that 
the  space  which  each  encloses  may  be  injected,  the  outer  from  the  sub- 
dural, the  inner  from  the  subarachnoid  space.  On  the  other  nerves  the 
arachnoidal  sheath  soon  ceases,  and  the  single  sheath  maybe  injected  from 
either  the  subdural  or  subarachnoid  cavity.  Separate  sheaths  surround 
each  bundle  of  the  larger  nerves,  and  the  injection  passes  readily  along 
the  nerves  even  as  far  as  the  limbs. 

There  thus  exists  a  continuity  between  the  ventricles  of  the  brain, 
the  subarachnoid  space,  the  perivascular  canals  of  the  cerebral  sub- 
stance, and  the  perineural  spaces  within  the  nerve  sheaths. 

Structiire. — When  examined  under  the  microscope,  the  arachnoid 
is  found  to  consist  of  distinct  riband-like  bundles  of  fine  fibrous  tissue 
interlaced  with  one  another.  The  intervals  between  these  bundles  are 
filled  up  by  delicate  membranes,  composed  of  expanded  cells,  the  nuclei 
of  which  persist  and  are  scattered  over  the  structure.  Several  layers  of 
this  tissue,  arranged  in  a  complex  way,  constitute  the  arachnoid  mem- 
brane. The  subarachnoid  trabeculee  consist  of  bundles  of  similar  fine 
fibrillar  tissue,  each  of  wdiich  is  surrounded  by  a  delicate  nucleated 
sheath,  also  composed  of  cells,  and  continuous  with  the  intertrabecular 
cell-membranes  of  the  arachnoid  itself.  Some  of  the  finer  trabecule 
are  said  to  be  surrounded  by  a  spiral  fibre.  The  subarachnoid  mem- 
branous expansions  have  a  similar  structure.  Volkmann  has  described 
a  rich  plexus  of  nerves  in  the  arachnoid  membrane  of  certain  ruminants. 
Kolliker  has  failed  to  detect  their  presence;  but  they  have  been  again 
described  by  Bochdalek,  who  traces  them  to  the  portio  minor  of  the 
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fifth,  the  facial,  and  accessorius  nerves  ;  and  they  have  likevrise  been 
followed  by  Luschka. 

Cerebro-spinal  fluid.— This  is  a  very  limpid  serous  fluid,  which 
occupies  the  subarachnoid  space.  When  collected  immediately  after 
death,  its  quantity  was  found  by  Magendie  in  the  human  subject  to 
vary  from  two  drachms  to  two  ounces.  It  is  slightly  alkaline,  and  con- 
sists, according  to  an  analysis  by  Lassaigne,  of  08-5  parts  of  water, 
the  remaining  I'o  per  cent,  being  solid  matter,  animal  and  saline.  In 
experiments  made  on  the  dog,  it  was  found  by  Magendie  to  be  repro- 
duced in  thirty-six  hours,  after  it  had  been  drawn  off  by  puncturing 
the  membranes  at  the  lower  part  of  the  cord.  When  pressure  is  made 
upon  the  brain,  the  quantity  of  fluid  in  the  spinal  subarachnoid  space 
is  increased,  and  conversely,  it  may  be  forced  from  the  spinal  cavity 
upwards  into  the  cranium. 

Iiigamentum  denticulatum. — This  is  a  narrow  fibrous  band  which 
runs  along  each  side  of  the  spinal  cord  in  the  subarachnoid  space, 
between  the  anterior  and  posterior  roots  of  the  nerves,  commencing 
above  at  the  foramen  magnum,  and  reaching  down  to  the  lower 
pointed  end  of  the  cord  (fig.  395,  12,  and  fig.  345).  By  its  inner  edge 
this  band  is  connected  with  the  pia  mater  of  the  cord,  while  its  outer 
margin  is  widely  denticulated  ;  its  denticulations  are  attached  by 
their  points  to  the  inner  surface  of  the  dura  mater,  and  thus  serve  to 
support  the  cord  along  the  sides,  and  to  maintain  it  in  the  middle  of 
the  cavity.  The  first  or  highest  denticulation  is  fixed  opposite  the 
margin  of  the  foramen  magnum,  between  the  vertebral  artery  and  the 
hypoglossal  nerve ;  the  others  follow  in  order,  alternating  with  the 
successive  pairs  of  spinal  nerves.  In  all,  there  are  about  twenty-two 
of  these  points  of  insertion.  The  denticulations  in  the  lower  cervical 
region  are  very  long,  and  ascend  shghtly  to  their  attachments.  At  the 
lower  end,  the  ligamentum  denticulatum  may  be  regarded  as  continued 
into  the  terminal  filament  of  the  spinal  cord,  which  thus  connects  it  to 
the  dura  mater  at  the  lower  end  of  the  sheath.  The  free  edge,  in  the 
intervals  between  the  denticulations,  is  slightly  thickened,  and,  in  the 
body,  is  closely  applied  to  the  inner  surface  of  the  arachnoid,  with  which 
it  is  often  directly  connected  by  fine  trabeculse.  The  denticulations  do 
not  perforate  the  arachnoid  but  receive  from  it  funnel-shaped  sheaths, 
which  accompany  them  to  the  injier  surface  of  the  dura  mater.  (Axel 
Key  and  Retzius,  Max  Schultze's  Archiv.  1878). 

Sirudure. — It  consists  of  white  fibrous  tissue,  mixed  with  many  ex- 
ceedingly fine  elastic  fibres  which  are  seen  on  applying  acetic  acid. 
Several  layers  of  fine  connective  tissue  trabeculas  may  be  traced  :  they 
are  surrounded  by  sheaths,  which  are  composed  of  delicate  nucleated 
cells,  and  here  and  there  expand  into  membranes.  It  is  continuous 
on  the  one  hand  with  the  fibrous  tissue  of  the  pia  mater,  and  on  the 
other  with  that  of  the  dura  mater. 

GlandulsB  Pacchioni. — Upon  the  external  surface  of  the  dura  mater, 
in  the  vicinity  of  the  longitudinal  sinus,  are  seen  numerous  small  pulpy 
looking  elevations,  generally  collected  into  clusters,  named  glands  of 
Pacchioni.  The  inner  surface  of  the  calvarium  is  marked  by  little  pits, 
which  receive  these  prominences.  Similar  excrescences  are  seen  on  the 
internal  surface  of  the  dura  mater,  and  upon  the  pia  mater  on  each  side 
of  the  longitudinal  sinus,  and  also  projecting  into  the  interior  of  that 
sinus.     Occasionally  they  are  found  also  in  other  situations. 
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On  a  careful  examination  of  the  connections  of  these  bodies  it  will  he 
found  that  the  elevations  found  on  the  outer  surface  of  the  dura  mater 
and  within  the  longitudinal  sinus,  in  no  instance  take  origin  in  those 
positions,  but  that  they  are  grape-like  bodies  which  are  attached  more 
deeply,  and  in  their  growth  have  perforated  the  dura  mater.  Their  pre- 
cise origin  and  nature  were  long  the  subject  of  conflicting  opinions,  but 
it  has  been  satisfactorily  shown  by  Luschka  that  they  are  only  an  en- 
larged condition  of  normal  villi  of  the  arachnoid,  and  that  no  other 
structure  is  involved  in  their  formation.  On  each  side  of  the  sinus,  and 
communicating  with  it,  are  large  venous  spaces  in  the  dura  mater  ;  into 
these  the  villi  project  even  in  new-born  animals,  and  those  which  per- 
forate the  dura  mater  and  appear  on  the  surface  have  their  inner  parts 
in  such  spaces.  Each  villus  is  covered  by  an  epitheliated  membrane, 
continuous  with  the  arachnoid.  Outside  this  is  another  fine  membranous 
sheath,  proceeding  from  the  dura  mater,  and  the  interval  between  the 
two  is  continuous  with  the  subdural  space.  Within  the  villus  is  a 
spongy  trabecular  tissue,  continuous  with  the  subarachnoid  tissue,  and 
of  similar  structure.  (Luschka,  in  Miiller's  Archiv.  1852;  and  "Die 
Adergeflechte  des  Menschlichen  Gehirns,"  1855.  See  also  Cleland  "  On 
Tumours  of  the  Dura  Mater,  &c."  in  the  Glasgow  Medical  Journal, 
1863.  Axel  Key  and  Retzius,  Nordiskt  Med.  Arkiv.  1870— 1874,  and 
Virchow's  Jahresbericht.) 

BLOOD-VESSELS    OF    THE    BEAIIT    ANTt    SPIITAL    CORD. 

The  origin  and  course  of  these  vessels  have  already  been  described 
in  the  Section  Angeiology.  In  passing  to  their  distribution  the  several 
arteries,  having  passed  across  the  arachnoid  cavity,  enter  the  sub- 
arachnoid space  and  then  divide  and  subdivide  into  branches,  which,  in 
their  farther  ramification  in  the  nervous  centres,  are  supported  by  the 
pia  mater,  and,  it  may  be  remarked,  are  more  deeply  placed  in  the 
various  fissures  and  sulci  than  the  small  veins,  which  do  not  accompany 
the  arteries,  but  pursue  a  different  course  and  are  seen  upon  the  surface 
of  the  pia  mater. 

Moreover,  it  is  to  be  observed  that,  whilst  the  main  branches  of  the 
arteries  are  situated  at  the  base  of  the  brain,  the  principal  veins  tend 
towards  the  upper  surface  of  the  hemispheres,  where  they  enter  the 
superior  and  inferior  longitudinal  sinuses  :  the  veins  of  Galen,  how- 
ever, coming  from  the  lateral  ventricles  and  choroid  plexuses,  run  back- 
wards to  the  straight  sinus. 

BLOOD  SUPPLY  OF  THE  BBAIN. 

It  may  be  convenient  here  to  recapitulate  the  sources  of  the  blood-supply  to 
the  several  parts  of  the  encephalon. 

The  medLiUa  oblong'ata  and  Pons  Varolii  are  supplied  by  branches  from 
the  anterior  spinals,  the  veitebrals,  the  basilar  and  the  posterior  cerebrals.  The 
branches  enter  the  pons  and  medulla  in  two  sets,  lateral  or  radicular,  and  median, 
— the  latter  passing  in  the  septum  t-o  the  grey  matter  on  the  upper  surface. 

CereTbellTim. — The  wider  surface  is  supplied  by  the  posterior  inferior  cere- 
bellar arteries  from  the  veitebrals,  and  the  anterior  inferior  from  the  basilar. 
The  uiyper  surface  is  supplied  chiefly  by  the  superior  cerebellar  arteries  from  the 
basilar  :  its  posterior  portion  from  the  posterior  inferior  cerebellar. 

Cerebrum. — Convolutions,  outer  surface,  frontal  lobe. — The  superior  frontal 
and  anterior  two-thirds  of  the  middle  frontal  convolution,  with  the  upper  ex- 
tremity of  the  ascending  frontal,  are  supplied  by  the  anterior  cerebral.     Tlie 
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inferior  frontal  convolution,  the  posterior  extremity  of  the  middle  fi'ontal,  and 
the  gi'eater  part  of  the  ascending  frontal  convolutions  are  supplied  by  the 
middle  cerebral.  The  orbital  surface  is  supplied,  outside  the  orbital  sulcus,  by 
the  middle  cerebral :  within  that  sulcus  (iucluding  the  olfactoiy  bulb)  by  the 
anterior  cerebral. 

Parietal  lobe. — All  the  convolutions  of  the  parietal  lobe  are  supplied  by  the 
middle  cerebral  artery. 

The  occljntal  lobe  is  supplied  by  the  posterior  cerebral  artery. 

Tcmiwro-splicnoidal  lolx. — The  superior,  and  upper  part  of  the  middle  temporo- 
sphenoidal  convolutions  are  supplied  by  the  middle  cerebral  artery.  The  lower 
portion  of  the  lobe  by  the  posterior  cerebral. 

Inner  surface. — The  whole  anterior  and  upper  portion,  as  far  back  as  the 
parieto-occipital  fissure,  is  sujpplied  by  the  anterior  cerebral  artery  ;  the  cuneate 
lobule  and  the  occipito-temporal  region  by  the  posterior  cerebral. 

The  grey  substance  at  the  base  of  the  cerebrum  is  supplied  by  small  twigs 
from  the  adjacent  vessels  of  the  circle  of  Willis,  or  the  commencing  cerebral 
vessels. 

Central  jyaHs — corims  striatum. — Both  nucleus  caudatus  and  nucleus  lenticu- 
laris  are  supplied  almost  exclusively  by  the  middle  cerebral  ai-tery.  The  anterior 
part  of  the  caudate  nucleus  only  being  supplied  by  the  anterior  cerebral. 

The  02)tic  tlialam  us  is  supplied  by  the  posterior  cerebral  artery,  except  its  inner 
and  outer  portion,  which  is  supplied  by  the  middle  cerebral. 

The  corpora  quadrigemina  and  corpora  geniculata  are  both  supplied  by  the 
posterior  cerebral  artery. 

For  fui-ther  details  on  the  subject  the  reader  is  referred  to  Vol.  I.,  p.  378,  and 
to  a  series  of  articles  by  M.  Dui-et  in  the  Ai-chives  de  Physiologic  for  1873  and 
1874. 

SIZE    AKD    WEIGHT    OF  THE    EE"CEPHAIiOSr. 

In  the  foUovrfng  table,  illustrating  the  average  weight  of  the  adult  male  and 
female  brain,  the  results  obtained  by  Sims,  Clendinning,  Tiedemann,  and  J.  Eeid 
have  been  brought  together  in  such  a  form  as  to  exhibit  in  groups  the  most 
commonly  prevailing  weight  ;  the  numbers  being  also  simplified  by  the  omission 
of  fractions.  (Sims,  "  Medico-Chirurg.  Trans."  vol.  xix.,  pp.  353 — 7  :  Clendinning, 
"  Medico-Chirurg.  Trans.,"  vol.  xxi.,  pp.  59 — 68;  Tiedemann,  ''Das  Him  des 
Kegers,"  Heidelberg,  1837,  pp.  6.  7  ;  Eeid,  "  London  and  Edinburgh  Monthly 
Journal  of  Medical  Science."  April,  1843,  p.  298,  &c.) 

According  to  Table  A,  the  maximum  weight  of  the  adult  male  brain,  in  a 
series  of  278  cases,  was  %t>  oz.,  and  the  minimum  weight  34  oz.  In  a  series  of 
191  cases,  the  maximum  weight  of  the  adult  female  brain  was  56  oz.,  and  the 
minimum  31  oz. ;  the  difference  between  the  extreme  weights  in  the  male  subject 
being  no  less  than  31  oz.,  and  in  the  female  25  oz.  By  grouping  the  cases  toge- 
ther in  the  manner  indicated  by  brackets,  it  is  shown  that  in  a  very  large  pro- 
poiiiion  the  weight  of  the  male  brain  ranges  between  46  oz.  and  53  oz.,  and  that 
of  the  female  brain  between  41  oz.  and  47  oz.  The  prevailing  weights  of  the 
adult  male  and  female  brain  may  therefore  be  said  to  range  between  those  terms ; 
and,  by  taking  the  mean,  an  average  weight  is  deduced  of  49^  oz.  for  the  male, 
and  of  44  oz.  for  the  female  brain, — results  which  correspond  closely  Avith  the 
statements  generally  received. 

Although  many  female  brarus  exceed  in  weight  particular  male  brains,  the 
general  fact  is  sufficiently  shown,  that  the  adult  male  encephalon  is  heavier  than 
that  of  the  female, — the  average  difference  being  from  5  to  6  oz.  This  general 
superiority  in  absolute  weight  of  the  male  over  the  fem.ale  brain  has  been  ascer- 
tained to  exist  at  every  period  of  life.  In  new-bom  infants  the  brain  was  found 
by  Tiedemann  to  weigh  on  an  average  from  14j  oz.  to  15|  oz.  in  the  male,  and  from 
10  oz.  to  13|^  oz.  in  the  female  : — a  fact  of  considerable  interest  in  practical 
midwiferj-,  for  it  has  been  shown  that  difficult  labours  occur  in  by  far  the 
largest  number  in  the  birth  of  male  children.  (Simpson,  London  and  Edinbiu-gh 
Monthly  Journal  of  Medical  Science,  1845.) 
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A.    Tiihle  of  ihe  Aterafje  Weight  of  tlie  Male  and  Female  Brain. 
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With  the  above  results  the  observations  of  Peacock,  published  in  the  '•  Monthly 
Journ.  of  Med.  Science  "  for  1847,  and  further  observations  by  the  same  author 
ill  the  '"  Journ.  of  the  Pathol.  Soc."  in  1860,  in  the  main  agi-ee. 

The  elaborate  table  compiled  by  Rudolph  Wagner,  and  published  in  his  "  Vor- 
studien  zu  einer  wissensch.  Morphol.  und  Physiol,  des  Menschl.  Gehii-ns,"'  1860, 
containing'  964  recorded  cases  in  which  the  weight  of  the  brain  had  been  ascer- 
tained, may  also  be  referred  to  as  another  recent  useful  contribution  to  the 
knowledge  of  this  subject. 

In  illustration  of  the  variation  in  the  average  weight  of  the  brain  at  different 
ages  Table  B.  is  given,  deduced  from  the  elaborate  researches  of  Dr.  Robert 
Boyd,  in  the  examination  of  the  brains  of  2,086  sane  persons  of  both  sexes 
dying  in  the  St.  Marylebone  Infirmary,  and  published  in  the  '•  Philos.  Trans, 
for  1860.    The  weights  are  stated  in  oz.  avoird.  and  decimal  fractions  of  them. 

Anatomists  have  differed  considerably  in  their  statements  as  to  the  jDeriod  at 
which  the  brain  attains  its  full  size,  and  also  as  to  the  effect  of  old  age  in 
diminishing  the  weight  of  this  organ.  Scemmerring  held  that  the  brain  reached 
its  full  size  as  early  as  the  third  year  ;  the  Wenzels  and  Sir  AV.  Hamilton  fixed 
the  period  about  the  seventh,  and  Tiedemann  between  the  seventh  and  eighth 
years.  Gall  and  Spui-zheim  were  of  opinion  that  the  brain  continued  to  grow 
until  the  fortieth  year.  The  observations  of  Sims,  Tiedemann,  and  Reid,  appear 
to  show  that  in  both  sexes  the  weight  of  the  brain  in  general  increases  rapidly 
lip  to  the  seventh  year,  then  more  slowly  to  between  sixteen  and  twenty,  and 
again  more  slowly  to  between  thirty-one  and  forty,  at  which  time  it  reaches  its 
maximum  point.     Beyond  that  period  there  appears  a  slow  but  progressive  dimi- 
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nution  in  weight,  amounting  to  about  1  oz.,  dming  each  subsequent  decennial 
period  ;  thus  confirming  the  opinion  that  the  brain  diminishes  in  advanced  life. 
According  to  Peacock,  the  maximum  weight  of  the  brain  is  attained  between 
the  ages  of  twenty  and  thii-ty  years.  The  talile  of  Boyd  insei-ted  below  would 
appear  to  show  a  somewhat  earlier  period  as  that  at  which  the  maximum  is 
reached  in  both  sexes,  and  that  the  period  of  decline  scarcely  begins  before  sixty 
years.  With  this  result  the  observations  of  Huschke,  made  upon  the  brains  of 
359  men  and  245  women,  in  general  agree.  ("  Schadel,  Hirn,  und  Seele  des 
llenschen  und  der  Thiere,  &c.,"  1854.) 


B.   Table  of  the  Weif/M  of  the  Bmhi  of  Males  and  Females  at  different  Ages. 
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All  other  circumstances  being  alike,  the  size  of  the  brain  appears  to  bear  a 
general  relation  to  the  mental  power  of  the  individual, — although  many  instances 
occur  in  which  this  rule  is  not  applicable.  The  brain  of  Cuvier  weighed  upwards 
of  64  oz.,  and  there  are  other  recorded  examples  of  brains  belonging  to  men  of 
great  talent  which  nearly  equalled  it  in  weight.  (Emile  Rousseau,  '•  Maladie  et 
autopsie  de  M.  Gr.  Cuvier,"  Lancette  Francaise,  Mai  26, 1832.)  On  the  other  hand, 
the  brain  in  idiots  is  remarkably  small.  In  three  idiots,  whose  ages  were  sixteen, 
forty,  and  fifty  years,  Tiedemann  found  the  weight  of  their  respective  brains  to 
be  19|  oz.,  25|  oz.,  and  22|^  oz.  ;  and  Dr.  Sims  records  the  case  of  a  female  idiot 
twelve  years  old,  whose  brain  weighed  27  oz.  Allen  Thomson  has  found  the 
brain  of  a  dwarfish  idiot  girl  seventeen  years  of  age  to  weigh  I84-  oz.  after  pre- 
servation in  alcohol. 

The  human  brain  is  found  to  be  absolutely  hea^aer  than  that  of  all  the  lower 
animals  except  the  elephant  and  whale.  The  brain  of  the  elephant,  according 
to  Perrault,  Moulins,  and  Sir  A.  Cooper,  weighs  between  8  and  10  lbs. ;  whUst 
that  of  the  whale  was  found  by  Rudolphi,  in  a  specimen  75  feet  long,  to  weigh 
upwards  of  5  lbs. 

The  relative  •weight  oj  the  eneephalon  to  the  hodij  is  liable  to  great  variation ; 
■nevertheless,  the  facts  to  be  gathered  from  the  tables  of  Clendinning,  Tiedemann, 
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and  Reid,  furnish,  this  interesting  general  result.  In  a  series  of  81  males,  the 
average  proportion  between  the  weight  of  the  brain  and  that  of  the  body  at 
the  ages  of  twenty  years  and  upwards,  was  found  to  be  aa  1  to  36"5  ;  and 
in  a  series  of  82  females,  to  be  as  1  to  36'46.  In  these  cases  the  deaths  were 
the  result  of  more  or  less  jarolonged  disease  ;  but  in  six  previously  healthy 
males,  who  died  suddenly  from  disease  or  accident,  the  average  proportion  was 
1  to  40-8. 

The  proportionate  weight  of  the  brain  to  that  of  the  body  is  much  gi'eater  at 
birth  than  at  any  other  period  of  life,  being,  according  to  Tiedemann,  about  1  to 
5-85  in  the  male,  and  about  1  to  6\5  in  the  female.  From  the  observations  already 
referred  to,  it  further  appears  that  the  propoition  diminishes  gradually  up  to 
the  tenth  year,  being  then  about  1  to  14.  From  the  tenth  to  the  twentieth 
year,  the  relative  mcrease  of  the  body  Is  most  striking,  the  ratio  of  tlie  two 
being  at  the  end  of  that  period  about  1  to  30.  After  the  twentieth  year,  the 
general  average  of  1  to  36'5  prevails,  with  a  further  trifling  decrease  in  ad- 
vanced life. 

Viewed  in  relation  to  the  weight  of  his  body,  the  brain  of  man  may  be  stated 
generally  to  be  heavier  than  the  brains  of  the  lower  animals  ;  but  there  are 
some  exceptions  to  the  rule,  as  in  the  case  of  certain  species  of  small  bu-ds,  in 
the  smaller  apes,  and  in  some  small  rodent  animals. 

The  attempts  hitherto  made  to  measure  or  estimate  the  relative  iDropoi-tions 
of  the  different  convoluted  pai-ts  of  the  cerebrum  to  each  other  and  to  the 
degree  of  intelligence,  either  more  directly  or  by  the  cranioscopic  methods,  have 
been  attended  -vnth.  little  success.  The  more  recent  researches  of  Rudolph 
Wagner,  which  have  been  farther  prosecuted  by  his  son,  hold  out  some  promise, 
when  fully  carried  out.  to  afford  more  deiinite  results. 

These  researches  had  for  their  object  to  institute  an  accurate  comparison  be- 
tween the  brains  of  certain  persons  of  known  intelligence,  cultivation,  and 
mental  power,  and  those  of  persons  of  an  ordinary  or  lower  grade.  As  exam- 
ples of  brains  of  men  of  superior  intellect,  he  selected  those  of  Professor  G-auss, 
a  well-known  mathematician  of  eminence,  and  Professor  Fuchs,  a  clinical 
teacher  ;  and '  as  examples  of  brains  of  ordinary  persons,  those  of  a  vroman  of 
29  and  a  workman  named  Krebs,  all  of  which  he  examined  and  measured  vsrith 
scrupulous  care. 

The  general  result  of  R.  Wagner's  researches  upon  these  and  other  brains  may 
be  stated  to  be  as  follows.  1st.  Although  the  greatest  number  of  brains  belong- 
ing to  men  of  superior  intellect  are  found  to  be  heaviest  or  largest,  yet  there 
are  so  many  instances  in  which  the  brains  of  such  persons  have  not  surpassed, 
or  have  even  fallen  below  the  average  size  of  the  brains  of  ordinary  persons, 
that  superiority  of  size  cannot  in  the  present  state  of  our  knowledge  be  regarded 
as  a  constant  accompaniment  of  superiority  of  intellect,  even  when  due  regard 
has  been  paid  to  the  comparative  stature  and  other  circumstances  of  the  in- 
dividuals. 

2nd.  It  would  appear  that,  in  the  brains  of  certain  persons  of  superior  intellect, 
the  cerebral  convolutions  have  been  found  more  numerous  and  more  deeply 
divided  than  in  those  of  persons  of  ordinary  mental  endo"mnents  and  without 
cultivation.  But  numerous  exceptional  instances  are  also  found  of  paucity  of 
convolutions  coincident  -^dth  superior  intellect,  which  make  it  impossible  at 
present  to  deduce  any  certain  conclusion  with  respect  to  the  relation  between 
the  number  or  extent  of  the  convolutions  and  the  .intellectual  manifestations 
in  different  persons. 

The  careful  measurement  of  all  the  convolutions  and  the  intervening  grooves 
in  the  foiu-  brains  above  mentioned  has  been  earned  out  by  the  younger  Wagner, 
and  the  tables  and  results  of  these  measurements  published  by  him  as  an 
appehdix  to  his  father's  treatise.  (Hermann  Wagner,  "  Maasbestimmungen  der 
Oberflache  des  Grossen  G-ehims,"  &c.,  Cassel  und  G-ottingen,  1864.) 

The  following  short  table  extracted  from  Hermann  AVagner's  memoir,  and 
simplified  by  the  omission  of  small  fractions  and  by  the  reduction  of  the  mea- 
surements from  square  millimetres  to  English  square  inches,  may  give  the  reader 
some  idea  of  the  nature  of  the  inquiry. 
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Cumparative  measurement  of   the  extent  of  surfaee  of  the   Convolutmis  of  the 
Ceretrinn,  and  its  lobes. 


Surface  of  each  lobs  separately. 

Free  and  deep 
surfaces  of  Cerebrum. 

1 

TMiole      j 

;                       , 

.surlacc      ; 

1.  Gauss 

1 
1                    1 

1 
O 

Temporal 

1        -    O    J3 

of 
Cerebrum. 

139.        !       70.  G 

1 
59.4             6S.4      ; 

112.  S      1      22S.2 

341. 

2.  Fuchs 

143.4     ;       69.5 

59.         :       67.5 

110.7      1      231.3 

342. 

3.  Woman 

130.               65. 

51.         :       CS.S 

107.5      1      209.9 

317.5 

1 

4.  Workman  . . 

113.2     I       02.3 

50.5       1       62. 

97.4      i      193.0 

■ 

291. 

WEIGHT    OF    THE     SEVERAL    PARTS    OF    THE    ENCEPHALON. 

As  the  result  of  observations  made  in  reference  to  this  subject,  on  the  brains 
of  .53  males  and  34  females,  between  the  ages  of  twenty-five  and  fifty-five.  Dr. 
J.  Reid  has  given  the  foUo-nang  table  : — 


Average  weight  of  cerebrum 

.,  cerebellum 

.,  pons  and  medulla  oblongata 

.,  entire  encephalon   .     . 


Males. 

Females. 

Difference 

oz.        drs. 

oz.        drs. 

oz.  drs. 

43     1.5| 

38     12 

5     S| 

5      4 

4     12i 

0     7f 

0     16f 

1       01 

0    Ok 

50       3h 


41 


11 


With  these  results  the  observations  of  Huschke,  derived  from  a  special  ex- 
amiaafcion  of  the  brains  of  22  females  and  38  males,  mainly  agree. 

From  this  it  appears!  that  the  proportionate  weight  of  the  cerebellum  to 
that  of  the  cerebrmn  is,  in  the  male,  as  one  to  8f,  and  in  the  female,  as  1  to  Sj. 
The  cerebellum  attains  its  maximum  weight  from  the  twenty-fifth  to  the 
fortieth  year  ;  but  the  increase  in  weight  after  the  fourteenth  year  is  shown  to 
be  relatively  greater  in  the  female  than  in  the  male.  The  whole  cerebellum  apai-t 
from  the  pons  and  medulla  is  heavier  in  the  male  ;  the  lateral  lobes  of  the 
cerebellum  are  also  heavier  ia  the  male.  In  the  male  the  vermiform  process 
increases  gradually  ii.-om  the  twentieth  to  the  fiftieth  year  ;  in  the  female  it 
remains  stationary  during  that  period,  and  after  the  fiftieth  year  diminishes 
rapidly. 

In  the  new-bom  infant  the  ratio  of  the  weight  of  the  cerebellum  to  that  of 
the  whole  brain  is  strikingly  different  from  that  observed  in  the  adult,  being, 
according  to  Chaussier,  between  1  to  13  and  1  to  26  ;  by  CruveiUiier  it  was  found 
to  be  1  to  20.  Huschke  found  the  weight  of  the  cerebeEum,  medulla  oblongata, 
and  pons  together  in  the  new-bom  infant,  as  compared  with  that  of  the  brain, 
to  be  in  the  proportion  of  1  to  1.5,  and  1  to  13.  In  the  adult  the  proportions  were 
1  to  7,  and  1  to  6. 

In  most  mammalia,  the  cerebellum  is  found  to  be  heavier  in  proportion  to  the 
cerebrum,  than  it  is  in  the  human  subject  ;  in  other  words,  the  cerebrum  in  man 
is  larger  in  proportion  to  the  cereijellum. 

ScemmeiTing  jDointed  out  the  fact  that  the  brain  is  larger,  in  proportion  to  the 
nerves  connected  with  it,  in  man  than  in  the  lower  animals. 

A  comparison  of  the  width  of  the  cerebram  -with  that  of  the  medulla  oblongata 
shows  that  the  ]3roportionat-e  diameter  of  the  braiir  to  that  of  the  medulla  ob- 
longata is  greater  in  man  than  in  any  animal,  excei^t  the  dolphin,  in  which 
creature,  however,  it  must  be  remembered  that  the  cerebral  lobes  exhibit  a  dis- 
proportionate lateral  development.      The  width  of   the  cerebrum  in  man,  as 


5S2  WEIGHT   OF   BEAIX   AXD   COED. 

compared  with  that  of  the  medulla  oblongata  at  its  base  or  broadest  part,  is 
about  7  to  1 ,  while  in  many  quadrupeds  it  is  as  3  to  1  or  even  as  2  to  1 . 

WEIGHT    OF    THE     SPINAL     CORD. 

Divested  of  its  membranes  and  nerves,  the  spinal  cord  in  the  human  subject 
weighs  from  1  oz.  to  1|  oz.,  and  therefore  its  proportion  to  the  encephalon  is 
about  1  to  33.    Meckel  states  it  as  1  to  40. 

The  disproportion  between  the  bram  and  the  spinal  cord  becomes  less  and  less 
in  the  descending  scale  of  vertebrata.  until  at  length,  in  cold-blooded  animals, 
the  spinal  cord  becomes  heavier  than  the  brain.  Thus,  in  the  mouse,  the  weight 
of  the  brain,  in  proportion  to  that  of  the  spinal  cord,  is  as  4  to  1  ;  in  the  pigeon. 
as  31  to  1  :  in  the  ne-Ri;  only  as  |  to  1  ;  and  in  the  lamprey,  as  i  to  1. 

In  comparison  with  the  size  of  the  body,  the  spinal  cord  in  man  may  be  stated 
in  general  terms  to  be  much  smaller  than  it  is  in  animals.  In  regard  to  the 
cold-blooded  animals,  to  bii'ds.  and  to  small  mammalia,  this  has  been  actually 
demonstrated,  but  not  in  reference  to  the  larger  mammalia. 

E.  Wagner  states  as  follows,  the  proportion  of  the  weight  of  the  spinal  marrow 
taken  as  1  to  the  encephalon  and  its  parts — 

a.  to  the  nerve  roots 

h.  to  the  medulla  and  pons 

c,  to  the  cerebellum 

d.  to  the  cerebrum 
r,  to  the  encephalon 

SPECIFIC     GRAVITY    OF     THE    ENCEPHALON. 

The  specific  gi-avity  of  the  different  parts  of  encephalon  has  of  late  at- 
tracted some  attention  from  its  having  been  observed  that  it  varies  to  some 
extent  in  different  kinds  of  disease.  From  the  researches  of  Bucknill,  Sankey. 
Aitken,  and  Peacock,  it  appears  that  the  average  specific  gTavity  of  the  whole 
encephalon  is  about  103G,  that  of  the  grey  matter  1034,  and  that  of  the  white 
1040.  There  are  also  considerable  differneces  in  the  specific  gravity  of  some 
of  the  mtemal  parts.  (William  Aitken,  "  The  Science  and  Practice  of  Medicine," 
1865,  vol.  ii.  p.  265  :  J.  C.  Bucknill.  in  "  The  Lancet."  1852  :  Sankey,  in  the 
"  Brit,  and  For.  Med.  Chir.  Eeview,"  1853  :  Thos.  B.  Peacock,  in  the  Trans,  of 
the  Pathol.  Soc.  of  London,  1861-2.) 
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ORGANS  OF  THE   SENSES. 

In  this  place  will  be  described  the  organs  of  sight,  hearing,  and 
smell — the  higher  organs  of  special  sense.  The  description  of  the 
organ  of  touch  is  given  with  the  skin,  and  that  of  the  organ  of  taste 
with  the  tongue. 

THE  EYE. 

The  organ  of  vision,  strictly  speaking,  consists  only  of  the  ball  or 
globe  of  the  eye  ;  but  connected  with  the  eyeball  externally  are  muscles, 
nerves,  and  blood-vessels,  elsewhere  described,  as  well  as  other  parts 
specially  destined  for  its  protection,  and  known  as  the  appendages  of 
the  eye  (tutamina  oculi),  of  which  an  account  will  first  be  given. 

THE    EYELIDS    ANJ}    CO]^JU]^3■CTIVA. 

The  eyelids  (palpeirce)  are  moveable  portions  of  integument,  strength- 
ened toward  their  margins  by  a  thin  lamina  of  dense  fibrous  tissue.  A 
mucous  membrane  lines  their  inner  surface,  and  is  reflected  thence  in 
the  form  of  a  pellucid  covering  on  the  surface  of  the  eyeball.  This  is 
named  the  conjunctival  membrane  or  conjunctiva. 

The  upper  lid  is  larger  and  more  moveable  than  the  lower,  all  the 
transparent  part  of  the  globe  being  covered  by  it  when  the  eye  is  closed ; 
it  is  chiefly  by  the  elevation  of  this  lid  that  the  eye  is  opened,  the 
movement  being  effected  by  a  muscle  (levator  palpebras)  devoted  exclu- 
sively to  this  purpose.  At  the  outer  and  inner  angles  (canthi)  of  the 
eye  the  eyelids  are  united.  The  interval  between  the  angles — fissurcc 
;palpel)rariim — varies  in  length  in  different  persons,  and,  according  to  its 
extent,  gives  the  appearance  of  a  larger  or  a  smaller  eye,  the  size  of  the 
globe  being  nearly  the  same.  The  greater  part  of  the  edge  of  each  eyelid 
is  flattened,  but  towards  the  inner  cauthus  it  is  rounded  off  for  a  short 
space,  at  the  same  time  that  it  somewhat  changes  its  direction ;  where 
the  two  differently  formed  parts  join,  there  exists  on  each  lid  a  slight 
conical  elevation — iMpilla  lachrymalis — the  apex  of  which  is  pierced  by 
the  aperture  ox  jnmcium  of  the  corresponding  lachrymal  canalicule. 

In  the  greater  part  of  their  extent  the  lids  are  applied  to  the  surface 
of  the  eyeball ;  but  at  the  inner  canthus,  opposite  the  puncta  lachry- 
malia,  there  intervenes  a  vertical  fold  of  conjunctiva,  the  plica  semilu- 
naris, which  rests  on  the  eyeball ;  whilst,  occupying  the  recess  of  the 
angle  at  the  border  of  this  fold,  is  a  spongy-looking  reddish  elevation, 
formed  by  a  group  of  sebaceous  glands  which  open  into  the  follicles  of 
very  fine  hairs.  It  is  named  the  caruncula  lachrijmalis.  The  plica 
semilunaris  is  the  rudiment  of  the  third  eyelid  (membrana  nictitans) 
found  in  many  animals.  It  contains  a  small  amount  of  r)lain  muscular 
tissue  (H.  Midler). 

Structure  of  the  lids. — The  skin  covering  the  eyelids  is  thin  and 
delicate,  and  covered  with  excessively  fine,  downy  hairs ;  at  the  line  of 
the  eyelashes  it  joins  the  conjunctival  mucous  membrane  which  lines 
the  inner  surface  of  the  lids.  The  cutis  vera  is  remarkable  for  contain- 
ing ramified  pigment  cells.  Beneath  the  skin,  and  between  it  and 
the  conjunctiva,  the  following  structures  are  successively  met  with,  viz. : 
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The  fibres  of  the  orbicularis  muscle ;  loose  connective  tissue  ;  the  so 
called  tarsal  cartilages,  together  with  a  thin  fibrous  membrane,  the 
palpebral  ligament,  which  attaches  them  to  the  margin  of  the  orbit  ; 
and,  finally,  the  Meibomian  glands.  In  the  upper  eyelid  there  is,  in 
addition,  the  insertion  of  the  levator  palpebrce  superioris,  in  the  form 
of  a  fibrous  expansion  attached  to  the  upper  or  anterior  surface  of  the 
tarsal  cartilage. 


Fig.  396. — Vertical  Section  of  the  Left  Orbit  and  its  Contents. 
The  section  has  been  carried  first  obliquely  through  the  middle  of  the  optic  foramen 
ami  optic  nerve  as  far  as  the  back  of  the  eyeball,  and  thence  forward  through  the  eyeball, 
eyelids,  &c.  a,  frontal  bone  ;  h,  superior  maxillary  ;  c,  eyebrow  ;  d,  the  upper,  and  d', 
the  lower  eyelid,  partially  open,  showing  the  section  of  the  tarsal  cartilages,  the  eyelashes, 
&c.  ;  e,  e,  the  reflection  of  the  conjunctiva  from  the  upper  and  lower  eyelids  to  the  sur- 
face of  the  eyeball ;  /,  the  levator  palpebra  superioris  muscle ;  g,  the  upper,  g',  the 
lower  rectus  muscle  ;  k,  the  inferior  oblique  muscle  divided  ;  1,  1,  the  oiDtic  nerve 
divided  in  its  sheath  ;  2,  the  cornea  ;  2',  the  sclerotic  ;  3,  aqueous  chamber  ;  4,  crystal- 
line lens  ;  5,  vitreous  chamber. 

The  orlicularis  muscle  is  closely  adherent  to  the  skin  by  fine  connec- 
tive tissue  entirely  devoid  of  fat,  but  glides  loosely  on  the  tarsal  carti- 
lages. A  marginal  fasciculus  lies  within  the  line  of  the  eyelashes, 
separated  by  the  bulbs  of  the  lashes  from  the  other  fibres,  and  con- 
stituting the  musculus  ciliaris  Riolani. 

The  tarsal  cartilages  {tarsi)  are  two  thin  elongated  plates  formed  of 
dense  connective  tissue,  without,  according  to  most  observers,  any  inter- 
mixture of  cartilage-cells.  They  are  placed  one  in  each  lid,  and  serve 
to  give  shape  and  firmness  to  those  parts.  The  upper  cartilage,  the 
larger,  is  half  oval  in  form,  being  broader  near  the  centre  and  narrowing 
towards  the  angles  of  the  lids.  The  lower  is  thinner,  much  narrower, 
and  more  nearly  of  an  uniform  breadth  throughout.  Their  fi'ee  or 
ciliary  edge,  which  is  straight,  is  thicker  than  any  other  part.  At 
the  inner  canthus  they  are  fixed  by  fibrous  slips  of  the  tendon  of  the 
orbicularis  muscle  ;  and  at  the  outer  angle  are  attached  to  the  malar 
bone  by  a  fibrous  band  belonging  to  the  palpebral  ligament,  and  named 
the  external  tarsal  ligament. 

The  palpelral  ligament  is  a  fibrous  membrane  placed  beneath  the 
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397. — I^Ieibomian    Glakds    of    the 
Eyelids  as  seen  from  behind. 


Left 


orbicularis  muscle,  attached  peripherally  to  the  margin  of  the  orbit, 
and  internally  to  the  tarsi,  with  which  its  tissue  is  continuous.  The 
membrane  is  thickest  at  the  outer  part  of  the  orbit. 

On  the  ocular  surface  of  each  lid  are  seen  from  twenty  to  thirty 
parallel  vertical  rows  of  yel- 
low granules,  lying  im- 
mediately under  the  conjunc- 
tival mucous  membrane,  and 
known  as  the  Meibomian 
f/fe^rfs(%.397,6,6).  They  are 
compound  sebaceous  glands, 
imbedded  in  grooves  at  the 
back  of  the  tarsi ;  and  they 
open  on  the  free  margin  of 
the  lids  by  minute  orifices, 
generally  one  for  each.  The 
glands  consist  of  nearly 
straiglit  tubes,  closed  at  the 
end,  with  numerous  small 
c^cal  appendages  projecting 
from  the  sides.  The  tubes 
are  lined  for  some  distance 
by  stratified  epithelium  con- 
tinuous with  that  of  the  skin : 
the  glandular  recesses  have  a 
lining  of  cubical  epithelium 
and  are  filled  with  the  fatty 
secretion.  According  to 
Colosanti  the  glands  have  a  basement  membrane,  and  a  muscular 
layer  outside  this:  he  farther  describes  a  network  of  fine  nervous 
fibrils  amongst  the  epithelium  cells. 

A  layer  of  unstriped  muscular  tissue  is  containecl  in  eacli  ej-elid ;  that  of  the 
upper  arising  from  the  under  surface  of  the  levator  palpebriB,  that  of  the  lower 
from  the  neighbourhood  of  the  inferior  oblique  muscle,  and  each  being  inserted 
near  the  margin  of  the  tarsus.  A  few  fibres  are  also  to  be  found  in  the  phca 
semilunaris  (H.  Miiller).  It  may  also  be  mentioned  in  this  place  that  the  same 
writer  describes  a  layer  of  unstriped  mrLScle  crossing  the  spheno-maxillary 
fissure,  corresponding  to  a  more  largely  developed  layer  found  in  the  extensive 
aponeurotic  part  of  the  orbital  wall  of  various  mammalia.  This  set  of  fibres  has 
been  more  particularly  described  by  Turner.* 

The  eyelaslies  (cilia)  are  strong  short  curved  hairs,  arranged  in  two  or 
more  rows  along  the  margin  of  the  lids,  at  the  line  of  union  between 
the  skin  and  the  conjunctiva.  The  upper  lashes  are  more  numerous 
and  longer  than  the  lower,  and  are  curved  in  an  opposite  direction. 
Near  the  inner  canthus  the  hairs  are  weaker  and  more  scattered.  Imme- 
diately within  the  eyelashes,  between  them  and  the  muscle  of  Eiolan, 
is  a  row  of  large  modified  sweat-glands,  which  open  into  the  mouths  of 
sebaceous  glands  (not  the  Meibomian). 

Structure  of  th.e  conjunctiva. — The  conjunctiva  consists  of  the 
palpebral  pan,  with  which  may  be  included  the  plica  semilunaris  and 

*  H.  Miiller  in  Zeitschr.  f.  wiss.  Zool.  1858,  p.  511  ;  Vf.  Turner,  in  Nat.  Hist.  Rev 
1862.  p.  106. 


a,  Of,  palpebral  conjunctiva  ;  1,  lachrymal  gland  ; 
2,  openings  of  seven  or  eight  of  its  ducts  :  3, 
upper  and  lovrer  puncta  lachrymalia  ;  Q,  Q,  ends 
of  the  upper  and  lower  Meibomian  glands,  of 
vv'hicli  the  openings  are  indicated  along  the 
margins  of  the  ej'elids. 
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carnnciila,  and  of  the  ociiiar  part  or  conjunctiva  bulbi,  in  wliich  may 
be  distinguished  the  sclerotic  and  corneal  portions  :  each  of  these  parts 
presents  distinctive  characters.  The  epithelium  of  the  conjunctiva 
varies  somewhat  at  different  parts,  but  is  mainly  columnar,  with  smaller 
cells  between  the  fixed  ends  of  the  columnar  cells.  Near  the  skin  and 
cornea  it  shades  off  into  the  stratified  epithelium  which  covers  these  parts. 

The  palpebral  ^Jortion  of  the  conjunctiva  is  thicker  and  more  vascular 
than  am^  other  part  of  the  membrane,  and  presents  numerous  fine  papillae 
freely  supplied  Avith  nerves.  It  passes  through  the  puncta  lachrymalia 
into  the  canaliculi,  and  is  continuous  with  the  lining  membrane  of  the 
lachrymal  sac.  Although  closely  united  to  the  tarsi,  it  exhibits,  never- 
theless, numerous  small  creases  or  folds,  w^hich  are  visible  with  a  lens. 
A  layer  of  small  racemose  or  tubulo -racemose  glands  is  found  on  the 
ocular  surface  of  the  lids,  immediately  under  the  conjunctiva,  and  be- 
yond the  ends  of  the  Meibomian  glands  (Sappey,  W.  Krause).  Their 
minute  ducts  open  near  the  line  of  reflection  of  the  conjunctiva  upon 
the  globe  of  the  eye  {fornix  covjumtirce). 

The  sclerotic  portmi. — The  conjunctiva  changes  its  character  at  the 
line  of  reflection  from  the  eyelids,  becoming  thinner  and  losing  its 
papillary  structure :  it  is  loosely  connected  to  the  eyeball  by  submucous 
tissue.  It  is  transparent  and  a  few  blood-vessels  are  generally  visible  in 
it  in  the  healthy  condition,  but  under  the  influence  of  inflammatory 
congestion  a  copious  network  of  vessels  very  irregularly  disposed  comes 
into  view.  These  vessels  are  derived  from  the  palpebral  and  laclnymal 
arteries. 

Another  set  of  vessels  exists  on  the  surface  of  the  sclerotic,  and 
are  seen  when  congested.  These  are  entirely  sub-conjunctival  and 
adherent  to  the  sclerotic  coat ;  they  are  less  tortuous  than  the  con- 
junctival set,  and  are  derived  from  the  muscular  and  anterior  ciliary 
branches  of  the  ophthalmic  artery :  they  remain  immoveable  on  pressure 
of  the  eyelid,  whereas  the  conjunctival  vessels  of  course  shift  Avith  that 
membrane.  These  sclerotic  vessels  dip  in  near  the  cornea,  and  appear 
to  unite  with  a  deeper  minute  network  disposed  in  closely  set  straight 
lines,  which  radiate  from  the  margin  of  the  cornea,  and  the  gorged  con- 
dition of  which  is  well  known  to  ophthalmic  surgeons  as  characteristic 
of  sclerotitis. 

The  corneal  conjunctiva  consists  almost  entirely  of  epithelium,  any 
underlying  membrane  being  extremely  thin,  transparent,  and  adherent 
to  the  anterior  layers  of  the  cornea,  in  connection  with  which  it  will  be 
again  referred  to.  Around  the  circumference  vessels  lie  between  it 
and  the  cornea,  and  form  a  circle  of  anastomotic  capillary  loops.  This 
plexus  of  vessels  extends  farther  inwards  in  the  foetus. 

A  well  developed  network  of  lymphatics  exists  througliout  the  sclerotic  and 
palpebral  portions  of  the  conjunctira :  btit  at  the  margin  of  the  cornea  a  sndden 
diminution  takes  place  in  the  size  of  the  meshes  and  diameter  of  the  vessels, 
which  become  irregular,  and  come  into  connection  with  ramified  cell-spaces  in 
the  cornea. 

The  nervrs  in  the  membrane,  as  far  as  the  cornea,  seem  to  have  the  same 
arrangement  as  in  the  skin.  Their  mode  of  ending  has  not  been  traced  with 
certainty,  but  according-  to  Krause  many  of  them  terminate  in  end-bulbs. 

The  mucous  membrane  of  the  palpebral  conjunctiva  contains,  especially  at  its 
back  part,  a  large  quantity  of  lymphoid  tissue.  Ljanphoid  follicles  have  also 
been  described  in  the  conjunctiva  (Brach),  but  their  existence  in  man  is  doubtful 
(Waldeyer). 


THE  LACHEYMAL  CANALS. 
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THE    LACHRYMAL     APPARATUS. 

The  parts  which  constitute  the  lachrymal  apparatus  are  the  follow- 
ing, viz.  : — The  gland  by  which  the  tears  are  secreted,  situated  at  the 
upper  and  outer  side  of  the  orbit,  together  with  its  excretory  ducts  ; 
the  two  canals  into  which  the  fluid  is  received  near  the  inner  angle  ; 
and  the  sac  with  the  nasal  duct  continued  from  it,  througli  which  the 
tears  pass  into  the  inferior  meatus  of  the  nose. 

The  lachrymal  gland,  an  oblong  flattened  body,  about  the  size  of  a 
small  almond,  is  placed  in  the  upper  and  outer  part  of  the  orbit,  a  little 
behind  the  anterior  margin.  The  upper  surface  of  the  gland,  convex, 
is  lodged  in  a  slight  depression  in  the  orbital  plate  of  the  frontal  bone, 
to  the  periosteum  of  which  it  adheres  by  fibrous  bands  ;  the  lower  sur- 
face is  adapted  to  the  convexity  of  the  eyeball,  and  is  in  contact  with 
the  upper  and  the  outer  recti  muscles.  The  fore  part  of  the  gland, 
separated  from  the  rest  by  a  thin  layer  of  fascia,  and  sometimes  described 
as  a  distinct  gland  {(jlandula  laclirymaUs  '//?/em;", Rosenmiiller),  is  closely 
adherent  to  the  back  of  the  ujDper  eyelid,  and  is  covered  on  the  ocular 
surface  merely  by  the  conjunctiva  ;  its  lobules  are  small  and  separate^ 
with  minute  ducts,  some  opening  separately,  others  joining  the  ducts 
from  the  principal  gland,  Avhich  are  also  very  small.  The  number  from 
both  divisions  of  the  gland  seldom  exceeds  twelve  or  fourteen.  After 
running  obliquely  nnder  the  mucous  membrane,  and  separating  at  the 
same  time  from  each  other,  they  open  in  a  row  at  the  fornix  conjunc- 
tivEe,  by  separate  orifices,  at  its 
upper  outer  part.  In  minute 
structure  the  lachrymal  gland  re- 
sembles the  salivary  glands. 

Lachrymal  canals. — On  the 
margin  of  each  lid,  near  the 
inner  angle,  and  in  front  of  the 
fold  of  membrane  called  plica 
semilunaris,  is  a  small  elevation 
(papilla  laclnymalis),  as  al-ready 
mentioned.  Each  papilla  is  perfo- 
rated by  a  minute  aperture,  ^:'?«zc- 
tum  lachrymale ;  and  at  these 
apertures  commence  two  narrow 
canals,  canaUculi  (fig.  898,  1,  1), 
which  convey  the  tears  from 
the  eye  to  the  lachrymal  sac. 
The  npper  canal  is  rather  the 
smaller  and  longer  of  the  two :  it 
first  ascends  from  the  punctum  ; 
then  makes  a  sudden  bend,  and  is 
directed  inwards  and  downwards 
to  join  the  lachrymal  sac.  The 
lower  canal  descends  from  the  cor- 
responding   punctum,    and    then 


Fig.  398. 


Fig.  398. — Front  of  the  Left   ErELiDS, 

WITH     THE    Lachrymal     Canals    akd 

Nasal  Duct  exposed. 

1,  1,  iipper  and  lower  laclirjTnal  canals, 

showing  towards   the    eyelids  the   narrow 

bent  portions  and  the  puncta  lachrymalia  ; 

2,   lachrymal    sac  ;    3,  the    lower   part  of 

the  nasal  duct ;    4,  plica  semilunaris  ;  5, 

caruncula  lachrjTnalis. 


takes  a  nearly  horizontal  course 
inwards.  Both  canals  are  dilated  where  bent.  In  some  cases  they 
unite  near  the  end  ;  more  commonly  they  open  separately,  but  close 
together,  into  the  sac. 
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The  lachrymal  sac  and  nasal  duct  constitute  together  the  passage 
by  which  the  tears  are  conveyed  from  the  lachrymal  canals  to  the 
cavity  of  the  nose.  The  lachrymal  sac  (fig.  398,  2),  the  slightly  dilated 
upper  portion  of  the  passage,  is  situated  at  the  side  of  the  nose,  near 
the  inner  canihus  of  the  eye,  and  lies  embedded  in  a  deep  groove 
in  the  ungual  and  upper  maxillary  bones.  Its  upper  end  is  closed 
and  rounded,  and  the  lower  end  gradually  narrows  into  the  nasal 
duct.  On  the  outer  side,  and  a  little  in  front,  it  receives  the 
lachrymal  canals ;  and  here  it  is  placed  behind  the  tendo  palpebrarum, 
and  some  of  the  inner  fibres  of  the  orbicular  muscle  of  the  lids ; 
while  on  its  orbital  surface  is  the  tensor  tarsi  muscle.  The  sac  is 
composed  of  fibrous  and  elastic  tissues,  adhering  closely  to  the 
bones  above  mentioned,  and  strengthened  by  fibrous  processes  sent 
from  the  tendo  palpebrarum,  which  crosses  a  little  above  its  middle. 
The  inner  surface  is  lined  by  a  reddish  mucous  membrane,  which  is 
continuous  through  the  canaliculi  with  the  conjunctiva,  and  through 
the  nasal  duct  with  the  mucous  membrane  of  the  nose. 

The  nasal  duct  (ductus  ad  nasum),  about  six  or  seven  lines  in  length, 
grooving  the  upper  maxillary  bone,  descends  to  the  fore  part  of  the 
lower  meatus  of  the  nose,  the  osseous  canal  being  completed  by  the 
ungual  and  lower  turbinated  bones.  A  tube  of  fibrous  membrane,  con- 
tinuous with  the  lachrymal  sac,  adheres  to  the  parietes  of  this  canal,  and 
is  lined  by  mucous  membrane,  which,  at  the  opening  into  the  nose,  is 
often  arranged  so  as  to  form  an  imperfect  valve.  The  nasal  duct  is 
rather  narrower  in  the  middle  than  at  either  end  ;  its  direction  is  not 
quite  vertical,  but  inclined  slightly  outwards  and  backwards. 

The  mucous  membrane  in  the  canaliculi  possesses  a  stratified,  scaly 
epithelium,  but  in  the  nasal  sac  and  duct  a  ciliated  epithelium  as  in  the 
nose. 

Various  valves  have  been  described  ia  connection  with  the  lachrjanal  sac  and 
oanals.  One,  the  valve  of  Hasner,  is  formed  by  the  mucous  membrane  of  the 
nose  overhanging  the  inferior  orifice  of  the  nasal  duct,  and  has  had  imputed  to 
it  the  function  of  preventing  entrance  of  foreign  matters  in  violent  expiratory 
movements  ;  but  the  disposition  of  the  mucous  membrane  at  this  orifice  appears 
to  be  subject  to  considerable  variation.  Another  fold,  the  valve  of  Huschke, 
placed  at  the  opening  of  the  canaliculi  into  the  lachrymal  sac,  is  supposed  by  some 
to  j)revent  the  return  of  the  tears  from  the  sac  into  those  tubes,  but,  by  others, 
it  is  declared  to  be  inconstant,  and  insufiicient,  even  -R'hen  present,  to  close  the 
orifice.  A  thii-d  fold,  the  valve  of  Foltz.  is  described  as  forming  a  projection 
inwards  on  one  side  of  the  vertical  part  of  each  canaliculus,  near  the  punctum 
lachrymale,  and  as  being  suf&cient  to  close  the  tiibe  when  it  is  flattened  by  the 
pressure  of  the  fibres  of  the  orbicularis  and  tensor  tarsi  muscles  as  in  winking. 
The  experiments  of  Foltz  on  rabbits  go  to  prove  that  the  punctum  lachr;y'male 
having  been  turned  backwards  towards  the  eye  in  winking,  and  the  canaliculus 
being  compressed  by  the  muscles,  as  soon  as  the  pressure  is  removed  the  canali- 
culus resumes  its  open  form,  and  so  sucks  in  tears  which  by  the  next  compression 
in  winking  are  forced  onwards  into  the  lachrj-mal  sac  ;  and  also,  that  when  the 
muscles  are  paralysed,  the  canaliculi  cease  to  carry  away  the  tears.  See  review 
of  Foltz's  paper  in  Dublin  Quarterly  Joui'nal,  Feb3\  1863  ;  also,  HjTtl,  Topogr. 
Anatomie. 


THE  GLOBE  OF  THE  EYE. 

The  globe  or  ball  of  the  eye  is  a  composite  structure  of  spheroidal 
form,  placed  in  the  fore  part  of  the  orbital  cavity,  and  receiving  the 
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thick  stem  of  the  optic  iierye  behind.  The  recti  and  obliqiii  muscles 
closely  smi-ound  the  greater  part  of  the  eyeball,  and  are  capable  of 
changing  its  position  within  certain  limits  :  the  lids,  with  the  plica 
semilunaris  and  caruncle,  are  in  contact  with  its  covering  of  conjunctiva 
in  front ;  and  behind  it  is  supported  by  a  quantity  of  loose  fat  and 
connective  tissue. 

The  eyeball  is  composed  of  segments  of  two  spheres,  of  which  the 
anterior  is  the  smaller  and  more  prominent  :  the  segment  of  the  larger 
posterior  opaque  sphere  corresponds  with  the  limit  of  the  sclerotic 
coat,  and  the  translucent  portion  of  the  smaller  sphere  with  that  of  the 
cornea. 

From  before  backwards  the  ball  measures  about  nine-tenths  of  an 
inch,  and  its  transverse  diameter  exceeds  this  measurement  by  about  a 
line. 

Except  when  directed  towards  near  objects,  the  axes  of  the  eyes  are 
nearly  parallel  ;  the  optic  nerves,  on  the  contrary,  diverge  considerably 
from  one  another,  and  each  nerve  enters  the  corresponding  eye  about  a 
tenth  of  an  inch  to  the  inner  or  nasal  side  of  the  axis  of  the  globe. 

The  eyeball  consists  of  several  concentric  coats,  and  of  certain  fluid 
and  solid  parts  contained  within  them.  The  coats  or  membranes  are 
three  in  number,  viz.:  an  external  fibrous  covering,  named  sclerotic  and 
cornea  ;  a  middle  vascular,  pigmented,  and  in  part  also  muscular  mem- 
brane, the  choroid  and  the  iris :  and  an  internal  nervous  stratum,  the 
retina.  The  enclosed  refracting  media,  three  in  number,  are  the  aqueous 
Immour,  the  vitreous  tochj,  and  the  lens  with  its  caidsule. 

Around  the  eyeball  there  is  an  adventitious  tunic  of  fascia,  tuniccc 
vaginalis  oculi,  or  capsule  of  Tenon,  which  is  perforated  by  the  tendons 
of  the  recti  and  obliqui  muscles,  and  connected  with  the  sclerotic  by 
merely  the  most  delicate  connective  tissue.  This  capsule,  which  in 
reality  consists  of  two  membranous  layers  lined  by  flattened  epithelioid 
cells,  and  enclosing  a  lymph  space,  separates  the  eyeball  from  the 
orbital  fat,  and  enables  it  to  glide  freely  in  its  movements. 

THE    SCLEHOTIC    COAT. 

The  sclerotic  (cornea  opaca),  the  tunic  of  the  eye  on  which  the  main- 
tenance of  the  form  of  the  organ  chiefly  depends,  is  a  strong,  opaque, 
unyielding  fibrous  structure.  It  extends  over  about  five-sixths  of  the 
eyeball  (fig.  399, 2),  joining  in  front  with  the  cornea.  The  outer  surface 
is  white  and  smooth,  except  where  the  tendons  of  the  recti  and  obliqui 
muscles  are  inserted  into  it.  The  inner  surface  is  a  light  brown  colour, 
and  rough  from  the  presence  of  a  delicate  connective  tissue  {membrana 
fusca),  which  unites  it  with  the  choroid  coat,  and  through  which 
branches  of  the  ciliary  vessels  and  nerves  cross  obliquely.  The  sclerotic 
is  thickest  at  the  back  part  of  the  eye,  and  thinnest  at  about  a  quarter 
of  an  inch  from  the  cornea  :  at  the  junction  with  the  latter,  it  is  again 
somewhat  thickened.  The  optic  nerve  pierces  this  coat  about  one- 
tenth  of  an  inch  internal  to  the  axis  of  the  ball,  and  the  opening  is 
somewhat  smaller  at  the  inner  than  at  the  outer  surface  of  the  coat. 
The  outer  fibrous  sheath  of  the  nerve  blends  with  the  sclerotic  at  the 
margin  of  the  aperture  :  in  consequence  of  this  arrangement,  when  the 
nerve  is  cut  off  close  to  the  eyeball,  the  funiculi  seem  to  enter  by  a 
group  of  pores ;  and  to  the  part  of  the  sclerotic  thus  perforated  the 
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name  of  lamina  crihrosa  is  sometimes  given.     Around  this  cribrous 
opening  are  smaller  apertures  for  vessels  and  nerves 


FiK.  399. 


Pig.  399. — View  of  the  Lowek  Half    of   the   ?t,iGHT  Adult  Human  Eye,  dtyideo 

HORIZONTALLY    THROUGH    THE    MIDDLE.       MAGNIFIED    FOUR    TIMES.       (A.    THOMSON.) 

The  specimen  from  which  this  outline  is  taken  was  obtained  by  dividing  the  eye  of  a 
man  of  about  forty  years  of  age  in  tlie  frozen  state.  It  was  carefully  comf)ared  with 
other  specimens  obtained  in  a  similar  manner  ;  and  in  the  drawing  averages  have  been 
given  in  any  particulars  in  which  diiferences  among  them  presented  themselves. 

1,  the  cornea  ;  1',  its  conjunctival  layer ;  2,  the  sclerotic  ;  2',  sheath  of  the  optic  nerve 
passing  into  the  sclerotic  ;  3,  3',  the  choroid  ;  4,  ciliary  muscle,  its  radiating  portion  ;  4',  cut 
fibres  of  the  circular  portion  ;  5,  ciliary  fold  or  process ;  6,  placed  in  the  posterior  division  of 
the  aqueous  chamber,  in  front  of  the  suspensory  ligament  of  the  lens  ;  7,  the  iris  (outer  or 
malar  side)  ;  T,  the  smaller,  inn«r,  or  nasal  side  ;  8,  placed  on  the  divided  optic  nerve, 
points  to  the  arteria  centralis  retinje  ;  8',  colliculus  or  eminence  at  the  passage  of  the 
optic  nerve  into  the  retina  ;  8",  fovea  centralis  retina  ;  r,  the  nervous  layer  of  the  retina ; 
1'',  the  bacillar  layer  ;  9,  ora  serrata  at  the  commencement  of  the  ciliary  part  of  the 
retina  ;  10,  canal  of  Petit ;  11,  anterior  division  of  the  aqueous  chamber  in  front  of  the 
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pvipil ;  12,  tlie  crystalline  lens,  within  its  capsule  ;  13,  the  viti-eous  humour  ;  a,  a,  a, 
parts  of  a  dotted  line  in  the  axis  of  the  ej^e  ;  6,  h,  b,  b,  a  line  in  the  transverse  diameter. 
It  "ft-ill  be  observed  that  from  the  pupil  being  placed  nearer  the  inner  side  the  axis  of  the 
eyeball,  a,  a,  does  not  pass  exactly  through  the  centre  of  the  pupil,  and  that  this  line  falls 
a  little  to  the  inner  side  of  the  fovea  centralis.  The  following  letters  indicate  the  centres 
of  the  curvatures  of  the  different  surfaces,  assuming  them  to  be  nearly  spherical,  viz.  : 
c  a,  of  the  anterior  surface  of  the  cornea  ;  c  j5,  posterior  surface  ;  I  a,  anterior  surface  of 
the  lens ;  Zj),  posterior  surface  ;  s  c  p,  posterior  surface  of  the  sclerotic;  ra,  anterior 
sui-face  of  the  retina. 

In  connection  -u-ith  this  fignre  tlie  following  average  dimensions  of  tlie  parts 
of  the  adult  eye  in  fractions  of  an  English  inch,  may  he  stated : — 

Tran verse  diameter  of  the  eyeball  .         .         .         .         .         .  !• 

Yertical  diameter  (Ki'ause)  ........  0"9(3 

Antero-posterior  diameter       ........  0"96 

Diameter  of  the  optic  nerve  ■vvitli  its  sheath        .         .         .         .     .  0'16 

Diameter  of  the  nervous  part  at  its  x>assage  through  tlie  choroid 

membrane  ..........  0"09 

G-reatest  thickness  of  the  sclerotic,  choroid,  and  retina  together .     .  O'OS 

Greatest  thickness  of  the  sclerotic  posteriorly  ....  0"05 

Smallest  thickness  at  the  sides  and  in  front         .         .  .  .     .  0"025 

Greatest  thickness  of  the  cornea     .......  0'0.o5 

Distance  from  the  middle  of  the  posterior  surface  of  the  cornea  to 

the  front  of  the  lens       .........  0'07 

Antero-posterior  diameter  of  the  lens      .         .         .         .         .         .  0'19 

Transverse  ditto  ..........  0"35 

Greatest  thickness   of   the   ciliary   muscle    and    ciliary  processes 

together '.    '     .         .  0-06 

Greatest  thickness  of  the  ciliary  muscle 0"03.5 

Thickness  of  the  iris       .         .         .         .         .         .         .         .         .  O'Olo 

Length  of  the  radius  of  curvature  of  the  anterior  surface  of  the 

cornea  (regarding  it  approximately  as  spherical)     .         .         .     .  0'305 

Radius  of  the  ijosterior  surface        .  ......  0'27.5 

Radius  of  curvature  of  the  anterior  surface  of  the  lens        .         .     .  0'36 

Radius  of  the  posterior  surface        .."....  0'21 

Approximate  length  of  the  radius  of  ciu'vature  of  the  outer  surface 

in  the  posterior  half  of  the  retina    .         .         .  .         .  .     .  0"185 

Approximate  radius  of  curvature  of  the  external  surface  of  the 

posterior  part  of  the  sclerotic  coat       ......  0'5 

Distance  of  the  middle  of  the  posterior  surface  of  the  lens  from  the 

middle  of  the  retina       .........  0'.'7.5 

Distance  between  the  centre  of  the  spot  of  entrance  of  the  optic 

nerve  and  the  middle  of  the  fovea  centralis  retinaa      .         .         .  0-14 

Diameter  of  the  base  of  the  cornea     .......  O^IS 

Diameter  of  the  base  of  the  iris  transversely  .         .         .         .         .  0'45 

Diameter  of  the  base  of  the  iris  vertically  .         .         .         .         .     .  O'iS 

Diameter  of  the  pupil     .........  O'U 

Stmicture. — The  sclerotic  coat  is  formed  of  connective  tissue,  and 
yields  gelatine  on  boiling.  Its  fibres  are  combined  with  fine  elastic 
tissue,  and  amongst  them  lie  numerous  connective  tissue  corpuscles 
lodged  in  cell  spaces,  but  not  by  any  means  so  regularly  arranged  as  in 
the  cornea.  Some  of  the  cells  are  pigmented.  The  bundles  are  dis- 
posed in  layers  both  longitudinally  and  transversely,  the  longitudinal 
arrangement  being  most  marked  at  the  surfaces.  These  layers  com- 
municate at  intervals  so  as  not  to  be  separable  for  any  distance. 

A  few  blood-vessels  permeate  the  fibrous  texture  in  the  form  of  a  net- 
work of  capillaries  with  very  wide  meshes.  In  the  neighbourhood  of 
the  cornea  a  zone  of  greater  vascularity  exists,  which  has  been  already 
noticed  in  the  description  of  the  sclerotic  conjunctiva. 


592  THE  EYE. 

THE  CORISTEA. 

The  cornea  (cornea  pellucida),  the  transparent  fore  part  of  the 
external  coat,  admits  light  into  the  interior  of  the  eyeball.  It  is  nearly 
circular  in  shape,  but  is  occasionally  wider  in  the  transverse  direction^ 
and  its  arc  extends  to  about  one-sixth  of  the  circumference  of  the  whole 
globe.  Having  a  curvature  of  a  smaller  radius  than  the  sclerotic,  it 
projects  forwards  beyond  the  general  surface  of  curvature  of  that  mem- 
brane :  the  degree  of  its  curve  varies,  however,  in  different  persons,  and 
at  different  periods  of  life  in  the  same  person,  being  more  prominent  in 
youth  than  in  advanced  age.  Its  thickness  is  in  general  nearly  the 
same  throughout,  viz.,  from  -rrV  to  ^-V  of  an  inch,  excepting  towards  the 
outer  margin  where  it  becomes  somewhat  thinner.  The  posterior  con- 
cave surface  exceeds  slightly  in  extent  the  anterior  or  convex,  in  conse- 
quence of  the  latter  being  encroached  on  by  the  superficial  part  of  the 
sclerotic  ;  the  cornea  being  overlapped  by  the  sclerotic  (to  which  it  is 
joined  by  continuity  of  tissue)  like  a  watch  glass  by  the  edge  of  the 
groove  into  which  it  is  received  (see  fig.  399). 

STKUCTUPjn     05-     THE     CORNEA. 

The  cornea  may  be  described  as  consisting  of  three  parts — a  stratified 
epithelium  in  front  (fig.  400,  1),  continuous  with  the  epithelium  of  the 
conjunctiva ;  a  middle  part,  substantia  propria,  or  cornea  proper  (3), 
continuous  with  the  sclerotic,  composed  of  modified  connective  tissue  ; 
and  a  homogeneous  elastic  lamella  (4),  bounding  it  behind,  and  itseli' 
covered  with  a  simple  layer  of  epithelium4ike  cells  (5). 

Epitlielium  of  the  Cornea^ — The  epithelium  covering  the  front  of 
the  cornea  is  of  the  stratified  kind.  The  lowermost  cells  are  columnar, 
with  a  flattened  base,  where  they  rest  on  the  substantia  propria,  and 
a  rounded  apex,  upon  Avhich  a  cell  of  the  next  layer  commonly  fits.  To 
the  base  of  each  is  attached  a  broad,  flattened,  strongly  refracting  pro- 
cess, which  projects  under  one  of  the  neighbouring  cells.  Above  these 
columnar  cells  are  several  layers  of  more  rounded  cells,  some  of 
which  (the  fingered  cells  of  Cleland)  have  projections  from  their  under 
surface,  wdiich  pass  between  the  cells  below.  The  uppermost  of  these 
rounded  or  poh'gonal  cells  present  well-marked  ribs  and  furrows, 
similar  to  those  described  in  the  cuticle  ;  while,  quite  superficially,  are 
three  or  four  strata  of  flattened  scaly  epithelium  cells,  which  retain 
their  nuclei.  Indications  of  division  of  the  cells  are  observed  both 
amongst  the  columnar  set  and  amongst  the  more  rounded  ones  above 
them  (Cleland). 

The  proper  substance  of  the  cornea  is  composed,  as  before  said, 
of  a  modified  form  of  connective  tissue,  all  the  constituents  of  which 
have  very  nearly  the  same  index  of  refraction,  so  that  in  the  perfectly 
fresh  condition  it  is  difficult,  even  with  the  best  lenses,  to  make  out 
any  structure  at  all.  After  death,  however,  and  with  the  assistance  of 
reagents,  it  may  be  ascertained  to  consist  of  alternating  lamellse  of 
fibrous  tissue  (about  sixty  in  number,  Bowman),  the  planes  of  which 
are  parallel  to  the  surfaces  of  the  cornea.  The  fibres  of  which  the 
lameUse  are  composed  are  nearly  straight,  have  a  definite  direction  in 
each  layer;  and  cross  one  another  at  right  angles  in  the  alternate  layers 
(fig.  400,  l,  d).  It  must,  however,  be  understood  that  the  latter  are  not 
individually  distinct,  but  give  off  frequent  offsets  to  the  layers  above 
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and  below,  so  that    they    cannot  readily  be  stripped  away  for  any 
distance.    The  fibrils  are  collected  into  roundish  bundles,  which,  as 


Fiff.  400. 


Pig.  400. — ^Vertical  Section   of  Human  Coknea  froji  near  the  margin  (Waldeyer). 

Magnified. 
1,  epithelium  ;  2,  anterior  homogeneous  lamina  ;  3,  substantia  propria  cornece  ;  4,  pos- 
terior homogeneous  (elastic)  lamina  ;  5,  epithelioid  layer  of  the  anterior  chamber  ;  a,  most 
anterior  layer  of  the  substantia  propria  with  oblique  fibres  ;  h,  fibres  cut  across,  producing 
a  dotted  appearance  ;  c,  corneal  corpuscles  appearing  fusiform  in  section  ;  d,  bundles  of 
fibres  cut  longitudinally,  presenting  a  homogeneous  appearance ;  e,  transition  to  the  sclerotic, 
with  more  distinct  fibrillation,  and  surmounted  by  a  thicker  epithelium  ;  /,  small  blood- 
vessels cut  across. 

well  as  the  laminse  they  form,  are,  as  in  the  connective  tissue  elsewhere, 
separated  from  each  other  by  ground  substance.  The  latter  is  in 
greater  abundance  between  the  fibrous  strata  than  elsewhere,  and  in 


594 


THE  EYE. 


Fig.  401. — Cell-spaces  of  the  Cornea  ; 
Man  (Waldeyer).     Highly  Magnified. 

The  figure  is  taken  from  a  fresh  pre- 
paration examined  in  aqueous  humour. 
In  each  of  the  two  lower  spaces  a  corneal 
corpuscle  is  represented  as  partially  filling 
the  space. 


these  parts  the  cell-spaces  of  the  tissue  are  found.    These  cell-spaces, 
which  are  readily  demonstrated  by  staining  the  tissue    with  nitrate 

of  silver,  but  also  make  their  ap- 
Fig.  401.  pearance  after  a  time  in  the  fresh 

tissue  without  the  addition  of  any 
reagent  (fig.  401),  are  flattened 
conformably  with  the  lamellae,  are 
of  an  irregularly  stellate  figure,  and 
freely  communicate  by  their  offsets 
both  with  others  on  the  same  plane 
and  with  those  above  and  below. 
The  regularity  of  arrangement 
which  principally  characterises  them 
as  compared  with  the  cell-spaces 
of  connective  tissue  elsewhere  is  no 
doubt  dependent  on  the  laminated 
structure  of  the  cornea. 

The  corpuscles  of  the  tissue — 
corneal  corjmsdes — lie  within  these 
cell-spaces,  corresponding  generally 
with  them  in  form,  but  without 
entirely  filling  them,  the  room  left 
serving  for  the  passage  of  lymph 
and  leucocytes.  The  protoplasm  of 
the  corpuscles  is  clear  and  hyaline,  except  in  the  neighbourhood  of  the 
large  nucleus,  where  it  is  granular  ;  they  send  long  branching  processes 
along  the  anastomosing  canals  of  i^he  cell-spaces,  which  in  some 
cases  appear  to  join  with  those  of  neighbouring  corpuscles.  In  ver- 
tical sections  they  appear  fusiform  (fig.  400,  c),  but  horizontal  sections 
show  them  to  be  flattened  conformably  with  the  surface.  Exammed 
on  the  warm  stage,  the  corpuscles  are  said  to  exhibit  slow  amoeboid 
movements  in  the  form  of  protraction  and  retraction  of  their  processes. 
These,  however,  are  not  to  be  confounded  with  the  more  active  move- 
ments of  leucocytes  which  may  be  traversing  the  space. 

In  the  human  cornea  the  cell-spaces  can  be  filled  with  fluid  injection  by 
sticking  the  muzzle  of  a  fine  syringe  into  the  tissue,  and  employing  a  very  low 
pressure  ;  in  this  way  a  network  of  anastomosing  stellate  figures  is  obtained 
(Eecklinghausen's  canals)  :  if,  however,  the  injection-fluid  be  too  consistent,  or 
if  too  great  force  be  employed,  the  injection  becomes  extravasated  in  the  inter- 
stices of  the  fibril  bundles,  the  direction  of  which  it  takes  ;  and  the  appearance 
is  produced  of  minute  swollen  tubular  passages  running  at  right  angles  to  one 
another  in  the  difiierent  layers  (Bowman's  corneal  tubes).  This  appearance  may 
still  more  readily  be  obtained  if  air  is  injected  into  the  tissue  instead  of  mercury 
(the  fluid  used  by  Bowman),  and  it  is  seen  that  the  injection  always  stops  at  the 
margin  of  the  cornea,  where  the  tissue  becomes  denser  as  it  passes  into  the 
sclerotic,  whereas  Eecklinghausen's  canals  are  continued  into  the  cell-spaces  of 
the  latter. 

The  part  of  the  cornea  immediately  beneath  the  anterior  epithelium, 
for  a  thickness  of  from  -^-^qq  to  y-jVo  of  an  inch,  is  denser  than  the 
rest  of  the  tissue,  and  entirely  free  from  corpuscles  (fig.  400,  2).  It  was 
named  the  anterior  elastic  lamina  by  Bowman,  but  appears  not  to  differ 
materially  in  structure  from  the  rest  of  the  corneal  substance,  fibres 
from  which  may  be  seen  passing  obliquely  towards,  and  becoming  lost 
in  it  (binding  fibres)  (fig,  400,  a). 
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The  membrane  of  Demours  or  Descemet  (fig.  400,  4)  (posterior 

elasttc  lamina,  Bowman),  not  very  closely  united  with  the  fibrous  part 

of  the  cornea,  is  transparent  and  glassy  in 

appearance.    It  is  firm  and  structureless,  but  Fig.  402. 

very  brittle  and  elastic  ;  and  when  shreds  are 

removed  from  it  they  tend  to  curl  up  with 

the  attached  surface  innermost     It  appears 

not  to  be  affected  by  acids,  by  boiling  in 

water,   or    by  maceration  in   alkalies.     In 

thickness  it  varies  from  y-^Vo  ^^  soVo  of  fin 

inch.     It  is  lined  with  an  epithelioid  cover-     -n-     <ri.o     -□  t? 

/c       A,-\r.    ^\        1-1  11        .lt.    J.  Fig-  *02. — Part  of  the  Epi- 

mg  (fig.  400,  5),  which  resembles   that  on        thelioid   Layer   op   the 

serous   membranes,    consisting   of  a   single        Membrane  of  Dehours. 
layer  of  flattened  polygonal  cells  with  dis- 
tinct nuclei  (fig.  402).     At  its  circumference  the  membrane  breaks  up 
into  bundles  of  fibres,  which  are  partly  continued  into  the  front  of  the 
iris,  forming  the  "  pillars  of  the  iris,"  and  partly  into  the  fore  part  of  the 
choroid  and  sclerotic  coats. 

To  these  festoon-like  processes  passing  between  the  iris  and  posterior 
part  of  the  cornea,  at  its  junci-ion  with  the  sclerotic,  and  which  are  very 
mucJi  more  marked  in  the  eyes  of  the  slieep  and  the  ox  than  in  the 
human  eye,  the  name  ligamcntum  pecUnatmn  iridis  was  given  by 
Hueck.  The  processes  in  question  are  covered  with  epithelioid  cells, 
continued  from  Descemet's  membrane,  but  these  cells  do  not  stretch 
across  the  intervals  between  the  processes,  so  that  the  cavity  of  the 
aqueous  chamber  is  prolonged  into,  and  freely  communicates  with, 
cavernous  spaces  '^  in  the  tissue  between  the  processes  (fig.  403,  3).  A 
similar,  but  rather  larger  space  is  found  slightly  anterior  to  these  in  the 
substance  of  the  sclerotic,  close  to  its  function  with  the  cornea.  This, 
which  is  elliptical  in  section,  is  known  as  the  smus  circularis  iridis, 
or  canal  of  Schlemm  (fig.  403,  4),  and  is  said  to  communicate,  through 
the  other  spaces,  with  the  aqueous  chamber  of  the  eye,  owing  to  the 
open  nature  of  the  tissue  in  this  situation,  and  the  breaking  up  of  the 
membrane  of  Demours  into  distinct  bundles,  as  just  described.  But,  on 
the  other  hand,  the  canal  of  Schlemm,  and  the  other  cavernous  spaces 
in  its  neighbourhood,  are  in  communication  with  the  veins  of  the 
anterior  part  of  the  sclerotic,  and  therefore  the  aqueous  chamber  must 
also  through  them  communicate  with  the  veins.  In  support  of  this, 
it  is  stated  that  both  the  spaces  and  the  veins  become  filled  with 
coloured  fluid  when  this  has  been  injected  into  the  anterior  chamber. 
"Why  the  blood  does  not  find  its  way  into  the  latter  during  life  is  not 
fully  understood,  since  no  valves  have  as  yet  been  discovered  in  the 
veins  which  lead  out  from  the  spaces  :  the  reason  is,  probably,  that  a 
greater  resistance  is  offered  to  its  passage  here  than  to  its  return  by 
the  ordinary  paths. 

The  above  statements  are  mainly  derived  from  the  account  given  by 
Schwalbe  ;  but,  according  to  Leber,  the  results  obtained  were  due  to  a 
diffusible  colouring  matter  having  been  employed  for  filling  the  anterior 
chamber :  when  a  non-diflfusible  one  is  used  it  never  penetrates  into 
the  canal  of  Schlemm,  which  is  simply  a  large  circular  terminal  vein,  or 
a  collection  of  two  or  three  plexiform  veins  uniting  at  frequent  intervals 
into  one  trunk. 

*  Larger  ia  many  animals,  -n-liere  they  ai-e  known  as  tlie  spaces  of  Fontana. 

Q  Q  2 
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Pig.  403. — Section  (feom  the  Eye  of  a  Man,  aged  30),  showing  the  Relations  op 
THE  Cornea,  Sclerotic,  and  Iris,  together  with  the  Ciliary  Muscle,  and  the 
Cavernous  Spaces  near  the  Angle  op  the  Anterior  Chamber  (Waldeyer). 
Magnified. 

A,  epithelium  ;  b,  conjunctival  mucous  membrane  ;  c,  sclerotic  ;  d,  membrana  supra- 
clioroidea  ;  e,  oi^posite  tbe  ciliary  muscle  ;  f,  choroid,  with  ciliary  processes  ;  G,  tapetum 
nigrum  and  pars  ciliaris  retinre  ;  h,  cornea  (substantia  propria) ;  j,  iris  ;  k,  radiating  and 
meridional,  and  L,  circular  or  annular  bundles  of  the  ciliary  muscle  ;  m,  bundles 
passing  to  the  sclerotic  ;  n,  tissue  (ligamentum  pectinatum  iridis)  at  the  angle,  o,  of 
the  anterior  chamber  ;  p,  line  of  attachment  of  the  iris  ;  1,  anterior  homogeneous  lamina 
of  the  cornea  ;  2,  posterior  homogeneous  lamina,  covered  with  epithelioid  cells  which  are 
continued  over  the  front  of  the  iris  ;  8,  cavernous  spaces  at  the  angle  of  the  anterior 
chamber  (spaces  of  Fontana) ;  4,  canal  of  Schlemm,  with  epithelioid  lining,  and  with  a 
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vessel,  5,  leading  from  it  ;  6,  other  vessels  ;  7,  bundles  of  fibres  of  the  sclerotic  running 
equatorially,  cut  across  ;  8,  larger  ones  in  the  substance  of  the  sclerotic  ;  9,  fine  bundles 
cut  across,  at  limit  of  cornea  ;  10,  point  of  origin  of  meridional  bundles  of  ciliary 
muscle  ;  11,  blood-vessels  in  sclerotis  and  conjunctiva,  cut  across  ;  12,  section  of  one 
of  the  ciliary  arteries. 

Vessels  and  nerves. — In  a  state  of  health  the  cornea  is  not  provided 
with  blood-vessels,  except  at  the  circumference,  where  they  form  very  fine 
capillary  loops  and  accompany  the  nerves.  Neither  are  any  lymphatic 
vessels  discoverable,  unless  the  channels  in  which  the  nerves  run,  and 
which  are  lined  with  flattened  cells  and  in  connection  with  the  cell  spaces, 
are  to  be  taken  as  representing  them.  The  nerves,  on  the  other  hand,  are 
very  numerous.  Derived  from  the  ciliary  nerves,  they  enter  the  fore  part 
of  the  sclerotic,  and  are  from  forty  to  forty-five  in  number  (Waldeyer). 
Continued  into  the  fibrous  part  of  the  cornea,  they  retain  their  dark 
outline  for  -^Q\h  to  -^o^^  of  an  inch,  and  then,  becoming  transparent, 
ramify  and  form  a  plexus  through  the  laminated  structure.  From  this 
jjrimary  jj^exus  other  nerves  proceed  to  form  a  much  finer  and  closer 
plexus — but  of  which  the  cords  yet  consist  of  several  nerve-fibrils — 
at  the  surface  of  the  cornea,  immediately  beneath  the  epithelium,  and 
from  this  secondarij  or  siibejnihelial  lolexus  excessively  fine,  varicose, 
ultimate  fibrils  (fig.  404,  h)  pass  among  the  epithelium  cells,  and  form 
here  a  terminal  network,  the  vifra-epifhelial  plexus,  which  extends  almost 
to,  the  free  surface  (fig.  404,  c,  c). 


Fig.  40i. 


Fig.  404. — Intra-epithelial  Plexus   of    Cornea   op  Rabbit,  stained  by  Chloride 
OF  Gold.     Oblique  view.     300  Diameters  (Klein). 

a,  part  of  subepithelial  plexus  ;  b,  b,  tufts  of  fine  varicose  fibrils  ;  c,  network  of 
the&%  amongst,  d,  the  deeper  epithelial  cells. 

In  addition  to  the  nerves  which  are  destined  for  the  epithelium, 
others,  for  the  proper  substance  of  the  cornea,  come  off  from  the 
primary  plexuses,  and,  after  uniting  into  one  or  more  secondary 
plexuses,  the  cords  of  which  are  still  composite,  eventually  form,  in 
and  among  the  laminse,  a  terminal  network  of  ultimate  fibrils,  the 
meshes  of  which  are  much  more  open  than  those  of  the  intra-epithelial 
network.  An  actual  connection  of  the  nerves  with  the  corpuscles  of 
the  cornea  has  never  been  satisfactorily  shown. 
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The  larger  branches  of  the  nerves  are  covered  with  a  sheath  of  flat- 
tened cells  which,  as  before  mentioned,  are  in  connection  with  the  cor- 
puscles of  the  cornea.  At  the  points  of  junction  of  the  plexus,  nuclei 
are  frequently  seen,  but  these  appear  to  belong-  to  the  ensheathing  cells, 
and  not  to  be  interpolated  in  the  course  of  the  fibres. 

THE     CHOROID    COAT. 

The  choroid  coat  of  the  eye  (tunica  choroidea  s.  vasculosa)  is  a  dark 
brown  membrane  lying  between  the  sclerotic  and  the  retina.    It  reaches 

forwards  nearly  to  the 
cornea,  Avhere  it  ends 
by  a  series  of  jjlaits 
or  folds  named  ciliary 
processes,  disposed  in 
a  circle  projecting  in- 
wards at  the  back  of 
the  circumferential  por- 
tion of  the  iris.  At  the 
hinder  part,  where  the 
tunic  is  thickest,  the 
optic  nerve  is  trans- 
mitted. The  outer 
surface  is  rough,  and  is 
connected  to  the  scler- 
otic by  loose  connec- 
tive tissue  and  by  ves- 
sels and  nerves.  The 
inner  surface,  which 
is  smooth,  is  covered 
by  the  hexagonal  pig- 
mented cells  of  the 
retina  (which  were 
formerly  described  as 
belonging  to  the 
choroid). 
The  ciliary  2orocesses,  about  seventy  in  number,  are  arranged  radially 


Kg.  405. — Choroid   Membkane  and    liiis   exposed  bt 

THE   KEJIOVAL    OF    THE      ScLEKOTIC   AND    CoRNEA    (aftei' 

Zinn).     Twice  the  natural  size. 


a,  one  of  the  segments  of  the  sclerotic  tliro-vvn  back  : 
ciliary  mnscle;  c,  iris  ;  e,  one  of  the  ciliary  nerves 
one  of  the  vasa  vorticosa  or  choroidal  veins. 


405.  Fig.  406. — Ciliary  Processes  as  seen  from 

BEHIND.       f 

1,  posterior  surface  of  the  iris,  with  the 
sphincter  mnscle  of  the  pupil  ;  2,  anterior 
IDart  of  the  choroid  coat ;  3,  one  of  the  ciliary 
processes,  of  which  about  seventy  are  re- 
presented. 

together  in  form  of  a  circle.  They 
consist  of  larger  and  smaller  folds 
or  thickenings,  without  regular 
alternation  ;  the  small  folds  number 
about  one-third  of  the  large.  Each 
of  the  larger  folds,  measuring  about 
^-^i\\  of  an  inch  in  length  and  :fVth 
in  depth,  forms  a  rounded  jDrojec- 
tion  at  its  inner  or  axial  end,  which  is  free  from  the  pigment  which 
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Fig.  407. 


invests  the  rest  of  the  structure  ;  but  externally  they  become  gradually 
narrower,  and  disappear  in  the  choroid  coat.  The  smaller  processes  are 
only  half  as  deep  as  the  others.  At  and  near  the  internal  or  anterior 
extremities  the  processes 
are  connected  by  lateral 
loop-like  projections.  The 
plications  of  the  ciliary 
processes  fit  into  corre- 
sponding plications  of  the 
suspensory  ligament  of 
the  lens,  to  be  afterwards 
described. 


Sa?RUCTURE    OF    THE 
CHOROIB. 


The  choroid  consists 
mainly  of  blood-vessels 
united  by  a  delicate  con- 
nective tissue,  with  nu- 
merous large  ramified 
cells  (for  the  most  part 
pigmented),  united  by 
their  branches,  and  con- 
taining numerous  leuco- 
cytes in  the  meshes,  like 
lymphoid  tissue.  From 
a  difference  in  the  fine- 
ness of  its  constituent 
blood-vessels,  the  choroid 
resolves  itself  into  two 
strata,  outer  and  inner  ; 
the  former  containing 
the  larger  branches,  and 
the  latter  the  capillary 
ramifications. 

In  the  outer  part  of 
the  coat  are  situated,  as 
just  stated,  the  larger 
branches  of  the  vessels. 
The  axtevies  {short  cilianj) 
are  comparatively  large 
and  numerous,  and  pierc- 
ing the  sclerotic  close  to 
the  optic  nerve  (fig.  407, 
1),  divide  into  branches 
which  are  directed  at  first 
forwards  before  they  bend 
inwards   to    end   on  the 

inner  part  ;  whilst  the  veins  {vasa  vorficosa),  external  to  the  arteries,  are 
disposed  in  curves  as  they  converge  to  four  or  five  principal  trunks  (fig. 
408,  1,  1)  which  pass  through  the  sclerotic  about  half  way  between  the 
margin  of  the  cornea  and  the  entrance  of  the  optic  nerve.  In  the 
intervals  between  the  vessels  are  elongated  and  stellated  pigment-cells 


Fig.  407. — Lateral  View  of  the  Arteries  of  the 
Choroid  and  Iris  (from  Arnold). 

a,  optic  nerve  ;  h,  part  of  the  sclerotic  left  behind  ; 
c,  region  of  ciliary  muscle  ;  d,  iris  ;  1,  posterior  ciliary- 
arteries  piercing  the  sclerotic  and  passing  along  the 
choroid  ;  2,  one  of  the  long  ciliary  arteries  ;  3,  anterior 
ciliary  arteries. 

Fig.  408. 


Fig.  408. — Lateral   View    of    the   Veins   of   the 
Choroid  (from  Arnold). 

1,   1,   two  trunks    of    the    vensB   vorticosce  at  the 
place  where  they  leave    the  choroid  and  pierce  the 

sclerotic  coat. 
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Fig.  409. 


with  fine  offsets,  -which  intercommunicate  and  form  a  networlc  or  stroma 
(fig.  409).  Towards  the  inner  part  of  the  tunic,  this  networlv  passes 
gradually  into   a   web  without    pigment.     Externally  the  choroid  is 

bounded  by  a  membranous  layer  similar 
to  the  lamina  fusca  of  the  sclerotic,  and 
known  as  the  lamina  supra-choroidea 
(fig.  403,  d).  It  is  loosely  united  to  the 
lamina  fusca  by  vessels  and  bands  of 
connective  tissue  enclosing  pigment-cells, 
and  the  enclosing  lamina  as  well  as  the 
uniting  structures  are  coated  with  epithe- 
lioid cells,  a  lymph  space  being  thus 
formed  between  the  sclerotic  and  choroid. 
This  space  communicates  with  that  of  the 
capsule  of  Tenon  before  described  (p.  589) 
(Schwalbe), 

The   inner  part  of  the  choroid  coat 

{tunica  Ruyscliiana  s.  cliorio-cainUaris)   is 

formed  mainly  by  the  capillaries   of  the 

choroidal  vessels.     From  the  ends  of  the 

and  form  meshes  which  are  more  deli- 

especially  fine  at 


Fig.  409.  —  Ramified  Pigment 
Cells  of  the  CaoRoiD  (K61- 
liker).     300  Diameters. 


arteries  the  capillaries  radiate, 

Gate  and  smaller  than  in  any  other  texture,  being 


Fig.  410. 


Fig.  410. — Injected  Blood-vessels   op   the    Choeoid   Coat  (from  Sappey). 
30  Diameters. 

1,  one  of  the  larger  veins  ;  2,  small  communicating  vessels  ;  3,  branclies  dividing  into 
the  smallest  vessels. 

the  back  of  the  eyeball  (fig.  410).     The  network  reaches  as  far  forwards 
as  about  ^th  of  an  inch  from  the  cornea,  or  opposite  the  end  of  the 
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retina,  where  its  meslies  become  larger,  and  join  those  of  the  ciliary 
processes. 

On  the  inner  surface  of  the  tunica  Ruyschiana  is  a  structureless  or 
finely  fibrillated  transparent  membrane,  the  membrane  of  Bruch,  which 
lies  next  to  the  pigmentary  layer  of  the  retina,  and  anteriorly,  in  the 
region  of  the  ciliary  processes,  presents  on  its  inner  surface  numerous 
microscopic  reticulating  folds. 

The  ciliary  processes  have  the  same  structure  as  the  rest  of  the 
choroid  ;  but  the  capillary  plexus  of  the  vessels  is  less  fine  and  has 
meshes  with  chiefly  a  longitudinal  direction  ;  and  the  ramified  cells, 
fewer  in  number,  are  devoid  of  pigment  towards  the  free  extremities  of 
the  folds. 

The  blood-vessels  of  the  ciliary  processes  (fig.  413,  d)  are  very  numerous, 
and  are  derived  from  the  anterior  ciliary,  and  from  those  of  the  fore 
part  of  the  choroidal  membrane.  Several  small  arterial  branches  enter 
the  outer  part  of  each  ciliary  process,  at  first  running  parallel  to  each 
other  and  communicating  sparingly.  As  they  enter  the  prominent 
folded  portion,  the  vessels  become  tortuous,  subdivide  minutely,  and 
inosculate  frequently  by  cross  branches.  Finally  they  form  short 
arches  or  loops,  and  turn  backwards  to  pour  their  contents  into  the 
radicles  of  the  veins.  On  the  free  border  of  the  fold,  one  arter}^ 
larger  than  the  rest,  extends  the  whole  length  of  each  ciliary  process, 
and  communicates  through  intervening  vessels  with  a  long  venous  trunk 
which  runs  a  similar  course  on  the  attached  surface. 

Ciliary  liitiscle. — At  the  anterior  part  of  the  choroid,  between  it  and 
the  sclerotic,  is  a  zone  of  plain  muscular  tissue,  the  ciliary  muscle  of 
Bowman.  It  arises  (fig.  403,  10)  by  a  thin  tendon  from  the  forepart  of  the 
sclerotic  close  to  the  cornea,  and  between  the  canal  of  Schlemm  and  the 
spaces  of  Fontana,  and  its  fibres,  spreading  out,  are  directed  backwards 
(fig.  403,  K),  to  be  inserted  into  the  choroid  opposite  to  the  ciliary 
processes,  and  partly  further  back,  the  fibres  passing  equatorially  and 
intercrossing  so  as  to  form  peculiar  stellate  figures.  A  small  portion 
(the  outermost)  is  sometimes  inserted  into  the  sclerotic  (fig.  403,  M). 
These  antero-posterior,  or  meridional  and  radiating  fibres,  pass  at  the 
side  next  the  iris  into  a  ring  of  fibres  (l),  which  have  a  circular  course 
around  the  insertion  of  the  iris.  This  set  forms  the  circular  ciliary 
muscle  of  H.  Mliller.  This  circular  muscle  is  much  developed  in 
hypermetropic  eyes,  but  is  atrophied,  or  may  even,  it  is  said,  be  absent 
in  myopic  (IwanoflT).  The  ciliary  muscle,  at  least  its  circular  part, 
was  formerly  described  as  the  ciliary  ligament 

THE    IRIS. 

The  iris  is  the  contractile  and  coloured  membrane  which  is  seen 
behind  the  transparent  cornea,  and  gives  the  tint  to  the  eye.  In  its 
centre  it  is  perforated  by  an  aperture — the  impil. 

By  its  circumferential  border,  which  is  nearly  circular,  the  iris  is 
connected  with  the  choroid,  the  cornea,  and  the  ciliary  muscles  :  the 
free  inner  edge  is  the  boundary  of  the  pupil,  and  is  constantly  altering 
its  dimensions  during  life.  The  iris  measures  ^  an  inch  across,  and,  in 
a  state  of  rest,  about  ith  of  an  inch  from  the  circumference  to  the  pupil. 
Its  surfaces  look  forwards  and  backwards.  The  anterior,  variously 
coloured  in  different  eyes,  is  marked  by  waved  lines  convergmg  towards 
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the  pupil,  near  which  they  join  in  a  series  of  irregular  elevations  ;  and, 
internal  to  these,  other  finer  lines  pass  to  tlie  pupil.  The  posterior 
surface  is  covered  vrith  dark  pigment,  j)rolonged  from  the  pigmentary 
layer  of  the  retina  ;  and,  this  being  removed,  there  is  seen  at  the 
margin  of  the  pupil  a  narrow  circular  band  of  fibres  (sphincter  muscle 
of  the  pupil),  with  which  the  converging  lines  are  blended. 

The  pupil  is  nearly  circular  in  form,  and  is  placed  a  little  to  the 
inner  side  of  the  centre  of  the  iris.  It  varies  in  size  according  to  the 
contraction  or  relaxation  of  the  muscular  fibres,  this  variation  ranging 
from  ^Vth  to  -ird  of  an  inch,  and  regulating  the  quantity  of  light 
admitted  to  the  eyeball. 


STEUCTURE    OF    THE    IRIS. 

Fibrous  and  muscular  tissues  form  the  framework  of  the  iris,  and 
pigment  cells  are  scattered  through  the  texture.  It  contains  also 
numerous  vessels  and  nerves.  In  front  and  behind  is  placed  a  distinct 
layer  of  pigmented  cells.  The  delicate  epithelioid  layer  of  the  membrane 
of  Descemet  (fig.  403,2)  is  continued  from  the  margin  of  the  cornea  over 
the  front  of  the  iris  ;  its  cells  are  smaller  and  more  granular  than  those 
which  cover  the  membrane  of  Descemet,  but  are  otherwise  similar. 

The  stroma  consists  of  cells  and  fibres  of  connective  tissue,  the  latter 
directed  radially  towards  the  pupil,  and  circularly  at  the  circumfer- 
ence ;    these,    interweaving 
Fig.  411.  with    one   another,   form   a 

web  which  is  more  open  in 
the  substance  of  the  iris 
than  near  the  surfaces. 

The  niusctilar  tissue  is 
of  the  non-striated  kind, 
and  is  disposed  as  a  ring 
{sphincier)  around  the  pupil, 
and  as  rays  {dilatator}  from 
the  centre  to  the  circum- 
ference. 

The  sphincter  (fig.  411,  a) 
is  the  flat  narrow  band  on 
the  posterior  surface  of  the 
iris,  close  to  the  pupil,  and 
is   about  -Joth   of   an  inch 
wide.     At  the  edge  of  the 
pupil    the    fibres   are  close 
together,  but  at  the  periphe- 
ral border  they  are  separated, 
and  form  less  complete  rings. 
The  dilatator  {b,  t),   less 
apparent  than  the  sphincter, 
begins  at  the  ciliary  or  outer 
margin  of  the  iris,  and  its 
fibres,  collected  into  bundles, 
or  forming  a  continuous  membrane,  situated  near  the  posterior  surface, 
converge  towards  the  pupil,  and  form  a  network  by  their  intercom- 
munications.   At  the  pupil  they  blend  with  the  sphincter,  some  reach- 


Fig.  411. A    S3IALL   PAKT    OF    THE   IrIS,     SHOWING 

THE    MuscuLAu    STRUCTURE    (from    Kolliker). 
350  Diameters. 

The  sj^ecimen  is  from  an  albino-rabbit,  and  has 
been  treated  -with  acetic  acid  :  a,  the  S23hincter 
muscle  at  the  margin  of  the  pupil  ;  h,  fasciculi  of 
the  dilatator  muscle  ;  c,  connective  tissue  "with 
nuclei  of  cells  rendered  evident  bv  the  acid. 
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ing  near  to  its  inner  margin  ;  and  at  the  ciliary  margin  also  they  arch 
round  and  take  a  somewhat  circular  direction. 

In  the  substance  of  vhe  iris  anteriorly  and  throughout  its  thickness 
are  Tariously-shoped  ramified  pigiaesit  cells  like  those  in  the  choroid. 
The  pigment  contained  in  them  is  yellow,  or  of  lighter  or  darker  shades 
of  brown,  according  to  the  colour  of  the  eye.  At  the  posterior  surface 
is  a  covering  of  dark  pigment,  the  uvea  of  authors  ;  this  is  continuous 
with  the  (retinal)  pigmentary  layer  lining  the  choroid  and  the  ciliary 
processes,  and  here  consists  of  several  strata  of  small  roundish  cells 
filled  with  dark  pigment.  The  colour  of  the  iris  depends  on  the  pig- 
ment ;  in  the  different  shades  of  blue  eye  it  arises  from  the  black 
pigment  of  the  posterior  surface  appearing  more  or  less  through  the 
texture,  which  is  only  slightly  coloured  or  is  colourless ;  but  in  the 
black,  brown,  and  grey  eye,  the  colour  is  due  to  the  pigment  scattered 
through  the  iris  substance. 

Pvipillary  laembrane  (membrana  pupillaris). — In  fostal  life  a  delicate  trans- 
parent membrane  thus  named  closes  the  pupil,  and  completes  the  curtain  of  the 
iris.  The  pupillary  membrane  contains  minute  vessels,  continuous  with  those  of 
the  iris  and  of  the  capsule  of  the  crystalline  lens ;  they  are  arranged  in  loops, 
"which  converge  towards  each  other,  but  do  not  quite  meet  at  the  centre  of  the 
pupil  (fig.  412).  At  about  the  seventh  or  eighth  month  of  foetal  life  these  vessels 
gradually  disappear  ;  and.  in  proportion  as  the  vascularity  diminishes,  the  mem- 
brane itself  is  absorbed  from  near  the  centre  tovv"ards  the  circumference.  At  the 
period  of  birth,  often  a  few  shi'eds,  sometimes  a  larger  portion,  and  occasionally 
the  whole  membrane  is  found  persistent. 

Vessels  and  nerves  of  the 
iris. — The  long  ciliary  arteries, 
two  in  number,  pierce  the 
sclerotic  a  little  before,  and  one 
ou  each  side  of,  the  optic  nerve. 
Having  gained  the  interval 
between  the  sclerotic  and 
choroid  coats,  they  extend  hori- 
zontally forwards  (fig.  407,  2) 
through  the  loose  connective 
tissue  to  the  ciliary  muscle.  In 
this  course  they  lie  nearly  in 
the  horizontal  plane  of  the  axis 
of  the  eyeball,  the  outer  vessel 
being  however  a  little  above,  and 
the  inner  one  a  little  below  the 
level  of  that  line.  A  short  space 
behind  the  fixed  margin  of  the 
iris  each  vessel  (fig.  414,  1,  1) 
divides  into  an  upper  and  a 
lower  branch,  and  these,  anasto- 
mosing with  the  corresponding  vessels  on  the  opposite  side  and  with 
the  anterior  ciliary,  form  a  vascular  ring  {circalus  major)  in  the  ciliary 
muscle.  From  this  circle  smaller  branches  arise  to  supply  the  muscle; 
whilst  others  (fig.  414,  5)  converge  towards  the  pupil,  and  there,  fi-eely 
communicating  by  transverse  offsets  from  one  to  another,  form  a  second 
circle  of  anastomosis  {circulus  minor),  from  which  capillaries  are  con- 
tinued inwardly  and  end  in  small  veins. 


Fig.  412.  — Pupillary  Membrane  op  J^ew- 
BORN  Kitten,  Injected  (Kolliker,  from 
a  preparation  by  Thiersch).  Magnified. 
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The  anterior  ciliary  arteries  {fig.  414,  2,  2),  five  or  six  in  number,  but 
smaller  than  the  vessels  just  described,  are  supplied  from  the  muscular 
and  lachrymal  branches  of  the  ophthalmic  artery,  and  pierce  the  sclerotic 
about  a  hne  behind  the  margin  of  the  cornea  ;  they  divide  into  branches 
Tvhich  supply  the  ciliary  processes,  and  join  the  circulus  major. 

Besides  these  special  arteries,  numerous  minute  vessels  enter  the  iris 
from  the  ciliary  processes. 

The  veins  of  tJie  iris  follow  closely  the  arrangement  of  the  arteries 
just  described.  The  canal  of  Schlemm  com.municates  with  this  system 
of  vessels. 


Fig.  418. 


Fig.  414. 


Fk.  4U 


-Vessels  of  the  Ciioroit),  Ciliary  Processes  and  Iris  of  a  Child 
(Arnold).     Magnified  10  times. 


a,  capillary  network  of  the  posterior  part  of  the  choroid  ending  at  h,  the  era  serrata  ; 
c,  arteries  of  the  corona  ciliaris,  supplying  the  ciliary  processes  d,  and  passing  into  the 
iris  c  ;  /,  the  capillary  network  close  to  the  pupillary  margin  of  the  iris. 

Fig.  414. — Front  View  op  the  Blood-vessels  op  the  Choroid  Coat  and  Iris  from 
before  (Arnold).     Magnified  2h  times 

A,  choroid  :  b,  iris  ;  c,  ciliary  muscle,  &c.  ;  1,  1,  long  ciliary  arteries  ;  2,  2,  five  of  the 
anterior  ciliary  arteries  ramifying  at  the  outer  margin  of  the  iris  ;  3,  loop  of  communica- 
tion between  one  of  the  anterior  and  one  of  the  long  ciliary  arteries  ;  4,  internal  circle 
and  network  of  the  vessels  of  the  iris  ;  5,  external  radial  network  of  vessels. 

The  ciliary  nerves  (fig.  415,  l),  about  fifteen  in  number,  and  derived 
from  the  lenticular  ganglion  and  the  nasal  branch  of  the  ophthalmic 
division  of  the  fifth  nerve,  pierce  the  sclerotic  near  the  entrance  of  the 
optic  nerve,  and  come  immediately  into  contact  with  the  choroid.  They 
are  somewhat  flattened  in  form,  are  partly  imbedded  in  grooves  on  the 
inner  surface  of  the  sclerotic,  and  communicate  occasionally  with  each 
other  before  supplying  the  cornea  and  entering  the  ciliary  muscle. 
When  the  sclerotic  is  carefully  separated  from  the  subjacent  structures, 
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these  nerves  are  seen  h'hig  on  the  surface  of  the  choroid,  into  which 
they  send  branches,  and  in  which  they  form  between  and  amongst  the 
blood-vessels  a  fine  plexus  of  pale  fibres  rich   in  gangiion-cells,  the 
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Fig.  415. — Lateral    View    of   Tiiiii  Ciliaky  Nekyes  (Arnold).     Diageamjiatic. 

a,  optic  nerve  ;  6,  back  part  of  the  sclerotic  ;  c,  ciliary  muscle  ;  d,  iris  ;  e,  outer 
sm-face  of  the  choroid  coat ;  1,  five  of  the  ciliary  nerves  passing  along  the  sheath  of 
the  optic  nerve,  piercing  the  sclerotic  posteriorly,  and  thence  jDassing  forward  on  the' 
choroid  membrane  to  the  ciliary  mnscle  and  iris.     The  nerves  are  represented  too  large. 

Fig.  416. — DisTEiBUTioN  OF  Nerves  in  the   Iris    (KoUiker).     50  Diajieters. 
The  preparation  was  from  the  eye  of  an  albino  rabbit;  «,  smaller  branches  of  the 
ciliary  nerves  advancing  from    the  choroid  ;    h,  loops   of   union  between  them  at  the 
margin  of  the  iris  ;  c,  arches  of  union  in  the  iris  ;  c',  finer  network  in  the  inner  part ;  e, 
sphincter  pupillce  muscle. 

groups  of  cells  being  often  applied  to  the  walls  of  the  vessels.  Within 
the  ciliary  muscle  the  nerves  aJso  subdivide  minutely,  forming  here 
another  plexus,  which  contains  a  number  of  medullated  fibres  and  the 
cells  of  which  are  smaller.  A  few  recurrent  branches  appear  to  pass 
back  fi'om  it  into  the  choroid  coat,  but  the  greater  number  pass  on  to 
the  iris  (fig.  416,  a,  a).  In  the  iris  the  nerves  follow  the  course  of  the 
blood-vessels,  dividing  into  branches,  which  communicate  with  one 
another  as  far  as  the  pupil,  forming  a  close  plexus  of  fine  non-medul- 
lated  fibres.     Their  ultimate  termination  is  not  ascertained. 

RETIKA     OK     ITERVOUS     TUNIC. 

The  retina  is  a  delicate  almost  pulpy  membrane,  which  contains  the 
terminal  part  of  the  optic  nerve.  It  lies  within  the  choroid  coat,  and 
rests  on  the  hyaloid  membrane  of  the  vitreous  humour.  It  extends 
forwards  nearly  to  the  outer  edge  of  the  ciliary  processes  of  the  choroid, 
where  it  ends  in  a  finely  indented  border — ora  serrata.  From  this  border 
there  is  continued  onwards  a  thin  layer  of  transparent,  nucleated  cells  of 
an  elongated  or  columnar  form,  constituting  the  jmrs  ciliaris  retma,, 
which  reaches  as  far  as  the  tips  of  the  ciliary  processes,  and  there  dis- 
appears. The  thickness  of  the  retina  diminishes  from  behind  forwards, 
varying  from  Joth  of  an  inch  to  -aQ^oth  of  an  inch.  In  the  fresh  eye 
it  is  translucent  and  of  a  light  pink  colour ;  but  after  death  it  soon 
becomes  opaque,  and  this  change  is  most  marked  under  the  action  of 
Avater,  alcohol,  and  other  fluids.  Its  outer  surface  is  covered  with  a 
layer  of  hexagonal  pigment-cells  which,  as  the  study  of  the  develop- 
ment of  the  parts  shows,  must  be  regarded  as  belonging  to  the  retina 
and  not  to  the  choroid,  to  Avhich  it  has  usually  been  ascribed.     More- 
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over  the  pigment-cells  send  fine  non-pigmented  offsets  between  the 
external  retinal  elements.    When  the  choroid  is  detached  these  offsets 

Fiff,  417. 


Tig.  417. — The  Posterior  Hali"  o?  the  Retina  of  the  Left  eye  tiewed  from 
BEFORE  (Henle).  Twice  the  natural  size. 
s,  cut  edge  of  the  sclerotic  ;  ch,  choroid  ;  ?•,  retina  :  in  the  interior  at  the  middle  the 
macula  lutea  with  the  depression  of  the  fovea  centralis  is  represented  by  a  slight 
oval  shade  ;  towards  the  left  side  the  light  spot  indicates  the  coUiculus  or  eminence  at 
the  entrance  of  the  optic  nerve,  from  the  centre  of  which  the  arteria  centralis  is  seen 
sending  its  branches  into  the  retina,  leaving  the  part  occupied  by  the  macula  com- 
jmratively  free. 

are  ruptured  and  the  pigmentary  layer  comes  away  with  it.  The  inner 
surface  of  the  retina  is  smooth  :  on  it  the  following  objects  may  be  seen 
(fig.  417).  In  the  axis  of  the  ball  is  a  yellow  spot — macula  lutea  {limhus 
Metis,  Scimmerring) — which  is  somewhat  elliptical  in  shape,  and  about 
o'oth  of  an  inch  in  diameter :   in  the  centre  of  this,  again,  is  a  slight 

Fiff.  418. 


Fig.  418. — Section  through  the  Middle  op  the  Optic  Nerve  a\d  the  TtrNics  of  the 
Eye  at  the  Place  of  its  Passage  through  them  (Ecker).  f 
«,  arteria  centralis  retinas  ;  h,  fasciculi  of  optic  nerve  fibres  with  neurilemma  ;  c,  sheath 
of  the  optic  nerve,  passing  into  c',  the  sclerotic  coat  ;  c",  membrana  fusca  ;  d,  choroid  ; 
Cj  /;  layer  of  rods  and  cones  ;  g,  the  nuclear  layers  ;  h,  layer  of  nerve-cells  ;  i,  layer  of 
nerve-fibres ;  ^-,  colliculus  or  eminence  at  the  enti'ance  of  the  optic  nerve ;  I,  lamina 
cribrosa. 
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hollow,  fovea  centralis,  and,  as  the  retina  is  thinner  here  than  elsewhere, 
the  pigmentary  layer  is  clearly  visible  through  it,  giving  rise  to  an  appear- 
ance as  of  a  hole  through  the  tunic.  About  xV^l^  of  an  inch  inside  the 
yellow  spot  is  the  round  disc,  poms  opticus,  where  the  optic  nerve  ex- 
pands, and  in  its  centre  the  point  from  which  the  vessels  of  the  retina 
branch.  At  this  place  the  nervous  substance  is  slightly  elevated  so  as 
to  form  an  eminence  {colliciilus  nervi  optici)  (fig.  418,  k,  k.). 

MICROSCOPIC     STRUCTURE     OF    THE    RETINA. 

When  vertical  sections  of  the  retina,  i.e.,  sections  made  perpendicularly 
to  its  surface,  are  submitted  to  microscopic  examination,  eight  distinct 
strata  are  recognizable,  together  with  certain  fibrous  structures  which 
pass  vertically  through  the  membrane  and  connect  the  several  layers. 


Fig.  419 


Outer  or  choroidal  surface. 


[tiiiV'^nr 


^^-^TM^^^'f^f^Sm  3.  Layer  of  pigment  cells, 

r  ^  T  u  p*^'  1  iM  ^^  iH  7_  Layer  of  rods  and  cones. 

.  .  llembrana  limitans  externa. 

6.  Outer  nuclear  layer. 


'^    5    Outer  molecular  layer. 


4    Inner  nuclear  layer. 


Inner  molecular  layer. 


)  1  -^s^^j  12    Layer  of  nerve  cells. 


-~=^~zr^^^ —    1.  Layer  of  nerve  fibres. 

=^  -^='^^^     .  .  Membrana  limitans  interna. 


Inner  surface. 

Fig.    419. DiAGRAilMATIC    SECTION    OF    THE    HuMAN    ReTINA    (Scliultze). 
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Fig.  420 


The  following  are  the  designations  of  the  layers,  from  within  out- 
■\vards  : — 

1.  The  layer  of  nerve-fibres  (nerve-layer). 

2.  The  layer  of  nerve-cells  (ganglionic  layer), 
o.  The  inner  molecular  layer. 

4.  The  inner  nuclear  layer. 

5.  The  outer  molecular  layer  (internuclear). 

6.  The  outer  nuclear  layer. 

7.  The  layer  of  rods  and  cones  (columnar  layer,  Jacob's  membrane). 

8.  The  layer  of  hexagonal  pigment  cells  (pigmentary  layer). 

In  addition  to  these  eight  strata  two  excessively  delicate  membranes 
are  described — the  one,  memhrana  limitans  interna,  bounding  the  retina 
on  its  inner  surface,  next  to  the  hyaloid  membrane  of  the  vitreous 
humour  ;  the  other,  membrana  limitans  externa,  lying  between  the  outer 
nuclear  layer  and  the  layer  of  rods  and  cones ;  but,  as  will  be  afterwards 
explained,  these  so-called  "  membranes  "  are  merely  the  boundary  lines 
of  the  sustentacular  tissue  of  the  retina.  The  accompanying  figure, 
from  Max  Schultze,  represents  (somewhat  diagrammatically)  the  general 

arrangement  and  structure  of  the  layers. 

1.  Layer  of  nerve-fibres.  —  The 
optic  nerve  (fig.  418,  hV)  passes  at  the 
porus  opticus  directly  through  the  thick- 
ness of  the  retina  to  reach  its  inner 
surface,  on  which  it  spreads  out  in  form 
of  a  membrane  (fig.  420)  towards  the  ora 
serrata.  Its  fibres,  which  are  destitute 
of  a  primitive  sheath  and  vary  much  in 
size,  lose  their  medullary  sheath  on 
reaching  the  retina,  consisting  there  of 
axis-cylinder  only  (Bowman).  They 
are  collected  into  small  bundles,  w^hich, 
compressed  laterally,  intercommunicate 
and  form  a  delicate  web  with  narrow 
elongated  meshes.  At  the  yellow  spot 
this  layer  is  wanting  (fig.  420,  l),  else- 
where it  forms  a  continuous  stratum, 
gradually  diminishing  in  thickness  in 
front,  interrupted  only  by  the  enlarged 
ends  of  the  fibres  of  Miiller  to  be  after- 
wards described  (p.  615).  The  nerve- 
bundles,  as  well  as  the  cells  of  the  next 
layer,  are  partially  covered  and  sup- 
ported by  flattened  connective  tissue 
corpuscles. 

2.  Ganglionic  layer. — Immediately 
external  to  the  nerve-fibre  layer  is  a 
stratum  of  nerve-cells  (figs.  419,  422,  2), 
of  a  spheroidal  or  pyriform  figure,  and 
having  in  the  fresh  condition  a  pellucid 
aspect.  Each  cell  has  a  single  un- 
branched"  process  extending    obliquely 

from  its  rounded  inner  extremity  amongst  the  fibres  of  the  precedmg 
layer,  with  one  of  whlchit  is  no  doubt  continuous.     From  the  opposite 


Fig.  420. — Part  of  the  Layek  of 

JSTekve-Fibres     on     the    Inner 

Surface    of   the    Retina  (K61- 

liker).     Slightly  Magnified. 

a,    colliculus    opticus ;  1),    yellow 

spot  ;  c,  d,  bundles  of  nerve  fibres 

passing   round    this  ;  e,    e,   bundles 

radiating  in  all   directions  from  the 

point  of  entrance  of  the  nerve. 
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end  of  the  cell,  which  is  frequently  imbedded  in  the  granular  substance 
of  the  succeeding  layer,  one  or  more  much  thicker  processes  extend  out- 
wards for  a  variable  distance  into  that  stratum,  and  after  branching 
dichotomously  once  or  twice  become  lost  in  its  substance.  The  number 
of  nerve  cells  and  consequently  the  thickness  of  the  ganglionic  layer  in 
the  different  regions  of  the  retina  varies  exceedingly.  Over  the  greater 
part  of  the  retina  they  form  a  single  stratum,  but  in  the  neighbourhood 
of  the  yellow  spot  they  are  placed  two  or  three  deep.  At  the  spot  itself 
(fig.  426,  2)  they  are  very  thickly  set  (from  eight  to  ten  deep) ;  the  cells 
are  also  much  smaller  here,  and  are  bipolar.  Towards  the  ora  serrata, 
on  the  other  hand,  there  is  but  a  single  stratum,  and  that  frequently 
incomplete. 

3.  Xnner  molecular  layer. — Next  in  order  to  the  ganglionic  layer 
comes  a  comparatively  thick  stratum  of  a  granular-looking  substance, 
which  in  the  perfectly  fresh  condition  presents,  under  high  powers  of  the 
microscope,  the  appearance  of  a  pale,  homogeneous  matrix  with  numerous 
minute  clear  globules  or  granules,  imbedded  in  it.  The  fibres  of  Midler 
pass  through  the  substance  composing  this  layer  without  being  directly 
connected  with  it ;  the  off'sets  of  the  ganglion-cells  can  also  be  traced 
into  it  for  a  greater  or  less  distance  ;  and,  finally,  the  fine,  varicose 
central  processes  of  the  nuclear  bodies  of  the  layer  next  to  be 
described,  can  be  followed  a  short  distance  into  the  layer  in  question 
(fig.  422),  passing  in  the  direction  of  the  ganglionic  and  nervous  layers. 
Flattened  cells,  similar  to  those  noticed  in  the  nerve-fibre  and  ganglionic 
layers,  are  also  said  to  occur  in  the  inner  molecular  layer,  especially  on 
its  surfaces  (Golgi  and  Manfredi). 

The  exact  nature  of  the  substance  composing'  this  layer  is  still  a  matter  of 
doubt.  By  Max  Schultze  it  was  described  as  a  reticulating  mass  with  numerous 
fine  intercommunicating  meshes,  supported  in  which  was  supposed  to  be  a  fine 
network  formed  by  ramifications  of  the  ganglion-cell  processes,  which  become 
lost  to  view  in  this  layer.  Schultze  fnrther  described  it  as  being  of  the  same 
nature  as  and  intimately  connected  with  the  system  of  Miillerian  fibres.  Schwalbe, 
however,  has  shown  that  these  pass  through  the  inner  molecular  layer  sometimes 
with  a  smooth  contour  and  always  without  giving  off  lateral  offsets  to  it ;  and, 
moreover,  that  they  are  of  a  different  chemical  natui-e  from  the  substance  of  the 
molecular  layer. 

4.  Inner  nuclear  layer. — This  is  mainly  composed  of  several  strata 
of  characteristic  transparent  nucleus-like  bodies,  which  are  frequently 
known  collectively  as  the  "  inner  granules,"  but  are  nevertheless  of  three 
or  four  distinct  kinds.  Those  of  one  kind,  few  in  number,  are  connected 
with  the  fibres  of  Midler  as  these  pass  through  the  layer,  and  will  most 
conveniently  be  described  with  those  fibres.  Those  of  the  second  kind 
(fig.  422,  4),  by  far  the  most  numerous,  are  prolonged  at  either  end  into 
a  delicate  fibre,  and  contain  each  a  clear,  round  or  oval  nucleus,  with 
a  distinct  nucleolus.  These  last  (the  nucleus  and  nucleolus)  resemble 
very  closely  the  analogous  structures  found  in  ganglion-cells,  and  indeed 
the  bodies  in  question  are  commonly  regarded  as  bipolar  nerve-cells, 
but  with  the  protoplasm  of  the  cell  very  small  in  amount,  devoid  of 
granules,  and  principally  collected  at  either  end  of  the  cell. 

Of  the  cell  processes  or  fibres  which  proceed  from  these  ends,  the  inner 
one,  or  that  extending  into  the  inner  molecular  layer  towards  the  gan- 
glionic and  nerve-fibre  layers,  is  finer  than  the  other,  is  always  unb ranched, 
and  commonly  exhibits  minute  varicosities  similar  to  those  on  the  ultimate 
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fibrils  of  the  nerves.  A  direct  connection  of  these  inner  processes  with 
the  outwardly  extending  branches  of  the  large  nerve-cells  of  the  gan- 
glionic layer  has  never  been  completely  substantiated ;  but  it  is  con- 
sidered probable  that  some  of  them  may  be  so  connected,  while  others 
may  pass  directly  to  the  nerve-layer  and  there  become  continued  into  a 
nerve-fibre.  The  outer  prolongation  or  process  of  the  bipolar  cell  is  on 
the  other  hand  thicker  than  the  inner  one,  and,  moreover,  after  a  longer 
or  shorter  course,  divides  into  branches.  This  division  commonly  occurs 
just  beyond  the  limit  of  the  inner  nuclear  layer,  immediately  within  the 
succeeding  (outer  molecular)  layer  ;  frequently  it  is  into  two,  which  pass 
off  almost  at  a  right  angle.  The  further  destination  of  these  branches  is 
unknown,  but  they  are  believed  to  break  up  into  exquisitely  fine  fibrils, 
forming  a  plexus  in  this  situation.  The  outer  process  differs  further 
from  the  inner  in  not  exhibiting  varicosities  ;  occasionally  it  has  a  finely 
granular  appearance.  These  cells  have  sometimes,  but  rarely,  been 
observed  to  possess  more  than  two  such  processes  (Ritter,  Hulke). 

The  relative  length  of  the  inner  and  outer  process  natm-ally  differs  according  to 
the  position  of  the  individual  cell  in  the  nuclear  layer ;  if  the  cell  is  near  the 
inner  molecular  layer  the  outer  process  will  have  a  longer  course  to  reach  the 
outer  molecular  layer,  and,  conversely,  if  the  cell  is  near  the  latter ;  in  almost  all 
cases,  however,  the  inner  process  is  the  longer  of  the  two,  extending,  as  before 
mentioned,  for  some  distance  into  the  contiguous  molecular  layer.  At  the  macula 
lutea  these  processes  or  fibres  of  the  inner  nuclear  layer  have  a  markedly  oblique 
direction,  in  other  parts  of  the  retina  they  mn  vertically  towards  the  surfaces. 

The  third  kind  of  "  inner  granule  "  is  entirely  different  from  the 
other  two.  The  cells,  each  of  which  has  a  distinct  nucleus  and  nucle- 
olus, are  exclusively  collected  at  the  innermost  part  of  the  inner 
nuclear  layer,  where  in  man  they  form  an  almost  complete  stratum 
(Vintschgau).     They  appear  to  be  devoid  of  processes,  but  further 

investigations  are  re- 
quired as  to  their 
nature,  as  well  as 
with  regard  to  certain 
other  cells  {fourth 
variety)  which  are 
scattered  here  and 
there  in  the  outer- 
most part  of  the  layer, 
next  to  the  outer 
molecular  layer,  and 
are  distinguished 
from  the  ordinary 
"  inner  granules  "  by 
their  rounded  form 
and  larger  size,  and 
also,  according  to  W. 
Krause,  in  possessing 
only  one  process — an 
inner  one — which  he 


Fiff.  421. 


Pig.  421.— Branched  Cells  with  the  Uniting  Feltwork 
OF  Fibres  from  the  Outer  Molecular  Later  of 
THE  Horse's  Retina  (Schwalbe).    Highly  Magnified, 


regards  as  a  terminal  nerve-fibre. 

5.  Outer  molecular  layer.— The  outer  molecular  layer  is  much  thinner 
than  the  inner,  but  otherwise  presents,  in  vertical  sections  of  hardened 
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ret.ma,a  similar  granular  appearance,  witha  few  scattered  nuclei  in  its  sub- 
stance, and  in  which,  in  the  human  retina  and  in  that  of  most  mammals, 
it  is  difficult  to  make  out  any  definite  structure.  In  the  horse's  retina, 
however,  as  Rivolta  and  others  have  shown,  it  is  possible,  in  properly 
prepared  and  isolated  portions  of  the  layer,  to  ascertain  the  existence 
within  it  of  flattened,  irregular  or  stellate,  finely  branched,  delicately 
granular  cells  to  which  the  nuclei  in  question  belong  (fig.  421).  The 
cell-offsets,  which  are  excessively  fine,  form  by  repeated  branching  and 
union  a  close  network  or  feltwork  throughout  the  layer,  the  substance 
of  which  is  in  tliis  way  formed  by  them.  The  nuclei  of  the  cells  are 
clear  and  distinct,  each  with  a  comparatively  large  nucleolus  ;  the  fine 
fibres  of  the  network  are  stated  by  Golgi  and  Manfredi  to  exhibit  vari- 
cosities like  nerve-fibrils,  but  according  to  Schwalbe  the  varicose  fibrils 
in  all  probability  do  not  actually  form  a  part  of  the  network  but  are 
intercalated  m  its  meshes.  It  is,  therefore,  uncertain  whether  these 
cells  are  to  be  regarded  as  of  a  nervous  nature  themselves  or  merely  as 
supporting  structures  for  the  true  nervous  elements.  There  is  little 
doubt  that  a  similar  structure  exists  in  mammalia  generally. 

6.  Outer  nuclear  layer.— This  (figs.419,422, 6)  resembles  very  closely 
at  first  sight  the  inner  nuclear  layer,  appearing,  like  that,  to  consist  of 
several  strata  of  clear,  oval  or  elliptical,  nuclear  corpuscles  (outer  gran- 
ules), from  the  ends  of  which  delicate  fibres  are  prolonged.  They  cliffery 
however,  essentially  from  the  inner  granules,  and  may  be  readily  dis- 
tinguished from  them.  These  outer  granules  are  of  two  kinds,  which 
present  well-marked  differences  and  are  known  respectively  as  the  rod- 
granules  and  cone-granules,  according  as  they  are  connected  with  the 
rods  or  with  the  cones  of  the  next  retinal  layer.  Those  which  are  con- 
nected with  the  rods  are,  in  most  parts  of  the  retina,  by  far  the  more 
numerous,  and  form  the  main  thickness  of  the  outer  nuclear  layer. 
They  may  be  regarded  as  enlargements  or  swellings  m  the  course  of 
delicate  fibres  (rod-fibres),  which  extend  from  the  inner  ends  of  the  rods 
at  the  membrana  liraitans  externa  through  the  thickness  of  this  layer 
to  the  outer  molecular  layer.  The  enlargements,  of  which  there  is  but 
one  to  a  fibre,  situate  at  any  part  of  its  course,  are  each  occupied  by 
an  elliptical  nucleus  which  is  devoid  of  a  nucleolus,  but  which,  in  th^ 
fresh  condition,  exhibits  a  remarkable  cross-striped  appearance  (Henle), 
the  strongly  refracting  substance  which  mainly  composes  it  being  inter- 
rupted by  bands  or  disks  of  a  clearer  less  refracting  material,  usually 
two  in  number,  one  on  each  side  of  the  middle  line  (fig.  422),  but  occa- 
sionally single  and  median  (see  the  left-hand  one  in  fig.  422).  The  rod- 
fibres  are  of  excessive  fineness,  and  exhibit  frequently  minute  varicosities 
m  their  course  :  each  is  directly  continuous  at  the  outer  end  with  one 
of  the  rods,  but  at  the  inner  end  appears  usually  to  terminate  in  a 
somewhat  larger  varicosity,  from  the  margin  of  which  exquisitely  fine 
fibrils  may,  in  some  animals,  be  traced  extending  into  the  substance  of 
the  outer  molecular  layer. 

Those  outer  granules  which  are  connected  with  the  cones  are, 
in  most  parts  of  the  retina,  much  fewer  in  number  than  the  rod- 
gTanules,  from  which  they  are  distinguished  by  their  shape,  which  is 
somewhat  pyriform,  by  the  absence  of  transverse  striation,  and  by  their 
position — for  they  occupy  the  part  of  the  outer  nuclear  layer  nearest 
the  membrana  limitans  externa,  and  the  larger  end  of  each  is  thus  in. 
close  proximity  to  the  base  of  the  corresponding  cone,  with  which  it  is 
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Fig.  422. 


Fig.  422. — The  Nervous  and  EriTHELiAL 
Elements  op  the  Retina  (Semidiagram- 
MATio).  After  Schwalbe. 

The  nvimbers  are  the  same  as  iu  fig.  419. 
The  extent  of  the  molecular  layers  is  indicated 
merely  by  lines  of  shading. 


directly  connected,  or  there  is  at 
most  a  short,  comparatively  thick 
stalk  uniting  the  two  (see  fig.  422). 
At  the  macula  lutea,  however, 
where  only  cone-granules  are  met 
with,  many  of  them  are  further 
removed  from  the  limiting  mem- 
brane, and  the  stalk  is  then  longer 
and  more  attenuated.  The  nucleus 
of  each,  which,  as  in  the  case  of 
the  rod-granules,  occupies  almost 
all  the  enlargement,  contains  a 
distinct  nucleolus.  The  cone-fibre 
is  very  much  thicker  than  the 
rod-fibres  above  described.  It 
passes  from  the  smaller  end  of  the 
pear-shaped  enlargement  straight 
through  the  outer  nuclear  layer 
to  reach  the  outer  molecular  layer, 
upon  which  it  rests  by  a  some- 
what spread-out  end.  From  the 
edges  of  this,  numerous  exces- 
sively-fine fibrils  pass  into  the 
substance  of  the  molecular  layer. 
Moreover  a  delicate  striation  or 
fibrillation  has  occasionally  been 
described  in  the  cone-fibre  itself. 

7.  The  layer  of  rods  and 
cones. — Bacillary  layer  (fig.  422, 
7).  The  elements  which  compose 
this  layer  are,  as  their  name  im- 
plies, of  two  kinds,  those  of  the 
one  kind — the  rods — having  an 
elongated  cylindrical  form;  the 
cones  on  the  other  hand  being 
shorter,  much  thicker,  bulged  at 
the  inner  end  or  base,  and  termi- 
nated externally  by  a  finer  taper- 
ing portion.  Both  rods  and  cones 
are  closely  set  in  a  pallisade-like 
manner  over  the  whole  extent  of 
the  retina  between  the  membrana 
limitans  externa  and  the  pigmen- 
tary layer  (fig.  419,  7);  except  at 
the  macula  lutea,  where  only  cones 
are  met  with,  the  rods  far  exceed 
the  cones  in  number.  Their  rela- 
tive number  and  arrangement  is 
well  exhibited  when  the  layer  is 
viewed  from  the  outer  surface,  as 
in  fig.  423,  where  a  represents  a 
portion  of  the  layer  from  the 
macula  lutea;   &,   from  the  im- 
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mediate  neighbourhood  of  the  latter,  and  c,  from  the  peripheral  part  of 
the  retina. 

The  rods  and  the  cones,  although  differing  thus  in  shape  and  size 


Fig.  423. 


Fig.  424, 


Fig.  423. — OnTER  Surface  of  the  Colum- 
nar Layer  of  the  Retina  (Kolliker). 
350  Dia3ieters. 

a,  part  witliin  the  macula  lutea,  "n'here 
only  cones  are  present  ;  b,  part  near  the 
macula,  where  a  single  row  of  rods  inter- 
venes between  the  cones  ;  c,  from  a  part 
of  the  retina  midway  between  the  macula 
and  the  ora  serrata,  showing  the  preponder- 
ance of  the  rods. 


Fig.  424. — A   Rod  and   a   Cone   from   the   Human    Retina   (Max 
Schultze).   Highly  Magnified. 

In  the  red  the  longitudinal  striation  of  both  the  outer  and  inner 
segments  is  shown  ;  in  the  cone  the  transverse  striation  of  the  outer 
segment  and  the  longitudinal  of  the  inner.  In  both  the  fibrillation  of 
the  inner  segment  is  much  more  extensive  than  usual ;  I,  limitans 
externa. 


agree  in  many  points  of  structure.  Thus,  each  consists 
of  two  distinct  segments — an  inner  and  an  outer ;  the 
division  between  the  two  occurring,  in  the  case  of  the 
rods,  about  the  middle  of  their  length  (in  man) ;  in  the 
cones  at  the  junction  of  the  finer  tapering  end-piece  with 
the  basal  part ;  consequently,  the  outer  and  inner  seg- 
ments of  the  rods  are  nearly  similar  in  size  and  shape, 
the  inner  being,  however,  shghtly  bulged  as  a  rule, 
whereas  the  inner  segment  of  each  cone  far  exceeds  the 
outer  one  in  size,  the  latter  appearing  merely  as  an 
appendage  of  the  inner  segment  (fig.  424).  The  two 
segments  both  of  the  rods  and  cones  exhibit  well-marked 
differences,  both  in  their  chemical  and  optical  characters,  as  well  as 
in  the  structural  appearances  which  may  be  observed  in  them.  Thus, 
while  in  both  the  outer  segment  is  doubly  refracting  in  its  action  upon 
light,  the  inner  is,  on  the  contrary,  singly  refracting  :  the  inner  becomes 
stained  by  carmine,  iodine,  and  other  colouring  fluids,  whilst  the  outer 
remains  colourless.  The  outer  segment  in  both  shows  a  tendency  to 
break  up  into  a  number  of  minute  super-imposed  disks,  whereas  the 
inner  segment  is  itself  again  distinguishable  into  two  parts — an  outer 
part,  apparently  composed  of  fine  fibrils,  and  an  inner  part,  homoge- 
neous, or  finely  granular,  and  at  the  membrana  limitans  externa,  directly 
continued  into  a  rod  or  cone-fibre,  the  disposition  of  which  in  the 
outer  nuclear  layer  has  been  already  described. 

In  the  ouUr  segments  of  the  rods  there  can  be  detected  by  the  aid 
of  a  powerful  microscope,  besides  a  delicate  transverse  striation  (fig. 
422),  corresponding  to  the  superposed  disks  of  which,  as  above  indi- 
cated, they  appear  composed,  also  fine  longitudinal  markings  which 
are  due  to  slight  linear  grooves  by  which  they  are  marked  in  their 
whole  extent.  Externally  the  segment  projects  into  the  pigmen- 
tary layer  "with  a  somewhat  rounded-off  extremity.  Internally  it 
is  overlapped  for  a  short  distance  by  a  delicate  fibrillated  prolongation 
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of  the  margin  of  the  inner  segment.  The  outer  segments  of  the  cones 
taper  gradually  to  a  blunt  point  and  do  not  appear  to  exhibit 
the  superficial  groovings,  but  the  transverse  markings  are  somewhat 
more  evident  than  in  the  rods  (fig.  424),  although  they  do  not  so 
readily  break  up  into  the  separate  disks  as  in  the  latter.  This 
has  been  accounted  for  by  supposing  the  existence  of  an  excessively 
delicate  membrane  covering  the  whole  of  the  outer  segment  of  the 
cones. 

In  the  inner  segments,  the  proportion  which  the  fibrillated  part  bears 
to  the  homogeneous  basal  part  differs  in  the  rods  and  cones.  In  the 
rods  the  fibrils  usually  occupy  only  the  outer  third  of  the  inner  seg- 
ment (fig.  422),  ceasing  abruptly  at  its  junction  with  the  middle  third ; 
in  the  cones,  on  the  other  hand,  they  occupy  about  the  outer  two-thirds 
of  the  segment,  only  the  part  nearest  the  membrana  limitans  remaining 
free  from  fibrils.  The  fibrils  in  question  are  for  the  most  part  straight 
and  parallel,  and  strongly  refracting.  Sometimes,  in  the  cones,  instead 
of  this  outer  part  of  the  inner  segment  appearing  fibrillated,  it  appears 
homogeneous,  but  is  nevertheless  well  marked  off  from  the  inner  part 
by  its  strong  refr activity. 

This  condition  of  a  part  of  the  inner  segment  of  the  cones  is  much  better 
marked  in  most  of  the  lovfer  vertebrata,  where  it  is  met  with  as  a  distinct  strongly 
refracting  body,  situated  in  the  middle  or  outer  part  of  the  segment,  and  is  known 
from  its  shape  as  the  "  ellipsoid."  Moreovet,  in  these  animals,  the  fibrils  are 
absent  from  the  inner  segments  of  the  rods  also,  a  peculiar,  strongly  refracting 
"  lenticular  "  body  being  met  with  at  their  outer  part,  corresponding  to  the 
ellipsoid  of  the  cones.  Further,  in  birds,  reptUes,  and  amphibia,  there  is  found 
in  the  extreme  outer  part  of  the  inner  segment  of  each  cone  a  minute  globular 
body,  apparently  of  a  fatty  nature,  which  in  some  is  clear  and  colom-less,  but  in 
many  cones  is  brightly-coloured  of  a  tint  varying  in  different  cones  from  red 
to  green— red  and  yellow  being  the  most  common.  Bkie  and  violet  are  not 
met  with,  but  by  the  action  of  iodine  the  colours  of  all  become  clianged  to  blue. 
Sometimes  the  whole  inner  segment  is  found  to  be  slightly  tinted  of  the  same 
colour  as  the  "  oil-globule.''  In  all  vertebrates  below  mammals,  double-  or  t-ndn- 
cones  are  here  and  there  met  with,  which  resemble  two  cones  joined  near  their 
base,  but  separate  and  distinct  towards  their  apex.  Numerous  other  differences 
and  peculiarities  are  found  in  animals  :  thus  in  birds  the  cones  are  more  nume- 
rous than  the  rods ;  in  many  reptiles  only  cones  are  met  with  ;  while  in  some 
fishes  (sharks  and  rays),  in  most  nocturnal  mammals,  and  in  the  owl,  the  cones 
are  either  altogether  absent  or  are  but  few  and  rudimentary. 


Fig.  425. 


Fig.  425, — Pigmented  Epitheliuji  of  the  Human  RetinA  (Max  Schultze.)     Highly 

Magnified. 

.  a,  cells  seen  from  the  outer  surface  with  clear  lines  of  intercellular  substance  between  ; 
i,  two  cells  seen  in  profile  with  fine  offsets  extending  inwards  ;  c,  a  cell  still  in  connec- 
into  with  the  oiiter  ends  of  the  rods. 
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8.  The  pigmentary  layer. — This  layer,  which  bounds  the  retina 
externally,  and  was  formerly  known  as  the  hexagonal  pigment  of  the 
choroid,  consists  of  a  single  stratum  of  hexagonal  epithelium  cells 
(fig,  425).  The  outer  surface  of  each  cell — that  which  is  turned 
towards  the  choroid — is  smooth  and  flattened,  and  the  part  of  the  cell 
near  this  surface  is  devoid  of  pigment,  and  usually  contains  the 
nucleus  ;  the  inner  boundary,  on  the  other  hand,  is  not  well  marked,  for 
the  substance  of  the  cell,  which  here  is  loaded  with  pigment,  is  pro- 
longed into  excessively  fine,  straight,  filamentous  processes  (fig.  425,  5), 
which  extend  for  a  certain  distance  between  and  amongst  the  outer 
segments  of  the  rods  and  cones.  The  pigment  granules  are  placed 
for  the  most  part,  both  in  the  cells  and  cell-processes,  with  their 
long  axes  at  right  angles  to  the  surface  of  the  retina.  The  intervals 
between  the  rods  and  cones  are  only  partially  filled  by  the  processes  of 
the  hexagonal  pigment-cells  ;  the  remaining  part  appears  to  be  occu- 
pied by  a  clear  pellucid  material  which,  according  to  Henle  and  H.  Mliller, 
is  of  a  soft  elastic  consistence  during  life  and  in  the  fresh  condition, 
but  soon  liquefies  after  death  ;  but  according  to  Schwalbe,  would  appear 
to  be  normally  liquid.  In  the  embryo,  between  the  hexagonal  pigment 
and  the  remainder  of  the  retina,  there  is  a  distinct  cavity  or  cleft  filled 
with  fluid  (remains  of  primary  optic  vesicle). 

The  sustentacular  tissue  of  the  retina :  Miillerian  or  radial 
fibres. — In  addition  to  the  elements  above  described,  which  are  for  the 
most  part  special  to  the  particular  layer  where  they  occur,  there  are 
certain  other  structures  which  are  common  to  all  the  layers,  passing 
through  the  whole  thickness  of  the  retina  from  the  inner  almost  to  the 
outer  surface,  and,  if  not  actually  themselves  of  the  nature  of  connec- 
tive tissue,  at  least  serving  the  same  kind  of  purpose,  namely,  to  bind 
together  and  support  the  more  essential  and  delicate  structures  of  the 
membrane.  These  sustentacular  fibres  or  fibres  of  Mliller,  commence 
at  the  inner  surface  of  the  retina  by  a  broad  conical  base  or  foot,  which 
is  not  solid  but  hollowed  out,  the  hollow  being  filled  by  granular  pro- 
toplasmic substance,  and  often  containing  a  nucleus.  The  feet  of 
adjoining  fibres  are  united  together  at  their  edges,  so  as  to  give,  in 
vertical  sections  of  the  retina,  the  appearance  of  a  distinct  boundary 
line  (fig.  419)  ;  this  has  been  named  memh-ana  limitans  interna,  but,  as 
may  be  inferred  from  the  above  description,  it  is  in  no  way  a  continuous 
or  independent  membrane.  The  fibres  pass  through  the  nerve-  and 
ganglionic  layers,  with  a  smooth  contour,  or  with  but  two  or  three  well- 
marked  lateral  projections  from  which  fine  lamellar  processes  extend 
amongst  the  elements  of  these  layers  :  gradually  diminishing  in  size 
they  then  traverse  the  inner  molecular  layer,  without,  according  to 
Schwalbe,  becoming  actually  connected  with  the  soft  substance  which 
mainly  composes  it,  although  in  the  mammalian  retina  the  fibres  are 
marked  by  slight  projections  in  passing  through  this  layer.  In  the 
inner  nuclear  layer  they  again  give  off  excessively  delicate  flattened 
processes  from  their  sides,  which  pass  around  the  inner  granules  and 
serve  to  support  them.  Moreover,  each  Miillerian  fibre  is  here  charac- 
terised by  the  presence  of  a  clear  oval  or  elliptical  nucleus  (already 
mentioned  in  the  description  of  the  inner  nuclear  layer),  containing  a 
distinct  nucleolus,  and  situated  at  one  side  of,  and  in  close  apposition 
to  the  fibre  to  which  it  belongs.  On  reaching  the  outer  nuclear  layer 
(after  passing  through  the  outer  molecular)  the  fibres  of  Mliller  break 
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up  into  fine  fibrils  and  thin  transparent  lam  elite,  and  in  this  form  they 
pass  outwards  through  the  layer,  between  the  outer  granules  and  the 
rod  and  cone-fibres,  more  or  less  enclosing  these  structures,  and  some- 
times forming  almost  complete,  delicate  sheaths  for  them.  At  the  level 
of  the  bases  or  central  ends  of  the  cones  and  rods,  the  numerous  offsets 
unite  around  those  structures  along  a  definite  line  which  marks  the 
boundary  between  the  outer  nuclear  layer  and  the  layer  of  rods  and 
cones,  and  has  been  termed  memhrana  limitans  externa.  This  also,  like 
the  m.  I.  interna,  is  in  no  way  a  continuous  membrane,  nor  is  it  isolable 
from  the  Miillerian  fibres  ;  indeed,  numerous  fine  fibrillar  offsets  of 
these  pass  a  short  distance  beyond  the  so-called  limiting  membrane, 
and  closely  invest  the  bases  of  the  inner  segments  of  the  rods  and 
cones. 

The  Miillerian  fibres  sometimes  exhibit  a  fine  striation.  They  swell 
up  and  become  indistinct  on  treatment  with  acetic  acid  and  dilute 
alkalies,  but  much  more  slowly  than  connective  tissue  fibrils  ;  more- 
over, they  are  not  dissolved  by  boiling  in  water.  They  are  much  less 
developed  in  the  central  and  posterior  part  of  the  retina  than  in  the 
peripheral  and  anterior ;  towards  the  ora  serrata  they  are  very  distinct 
and  closely  set. 

Striictnre  of  the  Macula  lutea  and  fovea  centralis  (fig.  426). — 
The  peculiarities  in  structure  which  these  present  have  been  for  the 
most  part  incidentally  noticed  in  the  preceding  description  of  the  retina 
layers.    Thus  in  the  first  place  no  rods  are  met  wdth,  and  the  cones  are 

Fig.  423= 


Fig.  426. — Veetical  Section  through   the   Macula.  Lutea  akd  Fovea  Centralis  ; 
Diagram  MATic  (after  Max  Schultze). 

1,  nerve  layer  ;  2,  ganglionic  layer  ;  3,  inner  molecular  ;  4,  inner  nuclear  ;  and  5, 
outer  molecular  layers ;  6,  outer  nuclear  layer,  the  inner  part  with  only  cone-fibres  form- 
ing the  so-called  external  fibrous  layer  ;  7,  cones  and  rods. 


much  longer  and  narrower,  especially  opposite  the  fovea  centralis,  than 
elsewhere.  All  the  other  layers  are  very  much  thinned  at  the  fovea, 
but  towards  its  margin  most  of  them  are  thicker  than  at  any  other 
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part  of  the  retina.  The  ganglionic  laj^er  (2)  is  especially  thickened, 
the  cells  being  from  six  to  eight  deep,  bipolar  and  situated  rather 
obliquely.  The  nerve-fibre  layer  (1)  gradually  gets  thinner  towards 
the  edge  of  the  fovea,  the  fibres  dipping  in  to  join  the  inner  ends  of 
the  bipolar  ganglion-cells.  The  fibre  which  passes  from  the  other 
end  of  each  of  the  latter  is  said  to  bifurcate,  each  branch  becoming 
connected  Avith  a  granule  of  the  inner  nuclear  layer  (Merkel).  The 
inner  granules  are  also  somewhat  obliquely  disposed,  are  large,  and  near 
the  bottom  of  the  fovea,  where  the  layers  of  nerve-cells  and  of  inner 
granules  run  together,  they  can  hardly  be  differentiated  (Hulke),  The 
outer  nuclear  layer  (6)  is  occupied  in  the  greater  part  of  its  thick- 
ness by  the  very  long  and  obliquely  disposed  cone-fibres  ;  the  corre- 
sponding nucleated  enlargements  are  only  two  or  three  deep,  and  take 
up  a  comparatively  small  portion  of  the  layer. 

The  yellow  tint  of  the  macula  is  deepest  towards  the  centre  :  it  is 
due  to  a  diffuse  colouring  matter  which  is  seated  in  the  interstices 
between  the  elements  of  the  several  layers,  except  in  the  layer  of  cones 
and  the  outer  nuclear  layer.  Ic  is  soluble  in  water  or  alcohol,  and 
absorbs  the  blue  and  violet  rays  of  the  spectrum. 

Structure  of  the  ora  serrata  and  pars  ciliaris. — At  the  ora 
serrata  the  numerous  complex  layers  of  the  retina  for  the  most  part 
disappear,  and  in  front  of  the  ora  serrata,  the  retina  is  repre- 
sented merely  by  a  single 
stratum  of  elongated  co- 
lumnar cells  with  the 
pigmentary  layer  external 
to  them  {pars  ciliaris). 
The  transition  is,  in 
man,  somewhat  abrupt, 
all  the  changes  being  met 
within  a  zone  of  about 
-ji-Q  in.  only  in  breadtli. 
Tne  layer  of  rods  and 
cones  (fig.  427,//)  first  dis- 
appears, the  cones  continu- 
ingrather  further  than  the 
rods,  but  soon  ceasing  ; 
the  nerve-  and  ganglionic- 
layers,  which  were  already 
very  thin  near  the  ora, 
here  cease  altogether  ; 
the  inner  molecular 
layer  (c),  which  is  now 
largely  occupied  by  Miil- 
lerian  fibres,  retains  its 
thickness  up  to  a  certain 
point,  and  then  suddenly  terminates  with  a  rounded  off"  margin  (a'), 
while  the  nuclear  layers,  outer  and  inner,  (/,  d),  here  become  merged 
into  a  single  layer,  which  is  continuous  with  the  columnar  cells  of 
the  pars  ciliaris.  These  (fig.  427,  m),  which  are  at  first  of  consider- 
able length,  become  gradually  shorter  anteriorly;  they  are  finely 
granular  or  striated  in  appearance  (fig.  428,  2),  each  with  "a  clear  oval 
nucleus  at  the  outer  part  of  the  cell,  near  the  pigmentary  layer.     The 


Kg.  427. — Vertical  Section  through  the  Choroid 
AND  Eetina  near  THE  Ora  Serrata  (Kolliker). 
60  Diameters. 

a,  hyaloid  membrane  ;  1),  limiting  membrane  and 
nervous  layer  of  the  retina  ;  c,  ganglionic  and  inner 
molecular  layers  with  closely  set  Miillerian  fibres  :  d, 
inner  nuclear  ;  e,  outer  molecular  ;  /,  outer  nuclear 
layer  ;  g,  columnar  layer  ;  h,  pigment  ;  i,  k,  choroid  ; 
I,  part  of  one  of  the  ciliary  processes  ;  in,  pars 
ciliaris  of  the  retina.  (The  recess  shown  at  a'  is  not 
constant. ) 
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inner  end  may  be  rounded,  pointed,  square,  or  even  branched ;  the 
sides  of  the  cells,  too,  are  sometimes  uneven. 

These  cells  are  considered  by  KoUiker  to  correspond  with  the  Miillerian  fibres 
of  the  retina,  but  according'  to  Schwalbe  these  fibres,  or  rather  their  united  inner 
ends,  are  more  probably  represented  by  a  delicate  membrane,  which  covers  the 
inner  ends  of  the  columnar  cells  and  sends  fine  offsets  around  and  between 
them,  and  which  he  believes  to  be  continuous  with  the  membrana  limitans 
interna. 

Vessels  of  the  Retina. — A  single  artery  {arteria  centralis  retime) 
passes  between  the  bundles  of  fibres  of  the  optic  nerve  to  the  inner 
surface  of  the  retina  at  the  middle  of  the  papilla  optici  (fig.  418,  a. 

It  is  accompanied  by  the  correspond- 
ing vein  and  soon  divides  into  branches 
(fig.  417),  usually  two,  one  above, 
the  other  below,  each  of  these  again 
dividing  into  two  branches  which 
arch  out  towards  the  sides  ;  the  outer 
ones  are  somewhat  the  larger,  and  as 
they  bend  round  the  macula  lutea  they 
send  numerous  fine  branches  into  it 
which  end  at  the  margin  of  the  fovea 
centralis  in  capillary  loops.  The  main 
branches  of  the  vessels  pass  forwards 
in  the  nerve-fibre  layer,  dividing  dichoto- 
mously  as  they  proceed,  and  giving  off 
fine  offsets  to  the  substance  of  the 
retina,  where  they  form  a  close  capil- 
lary network,  but  this  does  not  extend 
beyond  the  inner  nuclear  layer.  So  that 
the  outer  retinal  layers  are  entirely  desti- 
tute of  blood-vessels,  and  moreover  the 
vascular  system  of  the  retina  is  nowhere 
in  direct  communication  with  the  choroidal  vessels.  Near  the 
entrance  of  the  optic  nerve,  however,  it  comes  into  communication 
with  some  offsets  from  the  sclerotic  coat,  and  the  choroidal  vessels 
also  send  in  branches,  which  join  the  long-meshed  network  in  the 
optic  nerve  furnished  by  the  central  artery.  The  arteries  of  the 
retina  have  the  usual  coats,  but  the  veins  resemble  capillaries  in 
structure,  their  walls  consisting  of  a  single  layer  of  epithelioid  cells. 
Outside  this  layer  is  a  space  (perivascular  lymphatic.  His)  both  in 
the  veins  and  capillaries,  bounded  externally  by  a  second  epithelioid 
layer  (forming  the  wall  of  the  lymphatic).  Outside  this  again  is  found,  in 
the  case  of  the  veins,  a  layer  composed  of  a  peculiar  retiform  tissue  ; 
they  appear  to  have  no  plain  muscular  tissue  in  their  wall.  These 
perivascular  lymphatics  are  in  communication  with  the  lymphatics 
of  the  optic  nerve,  and  may  be  filled  by  injecting  coloured  fluid 
underneath  the  sheath  which  that  nerve  derives  from  the  pia  mater. 
Other  lymph-spaces  also  become  injected  by  the  same  process,  viz., 
the  interstices  between  the  nerve  bundles  which  radiate  from  the 
papilla  optici,  the  capillary  space  between  the  limitans  interna  and 
the  hyaloid  membrane  of  the  vitreous  humour,  and  finally  even  the 
irregular  interstice  between  the  pigmentary  layer  and  the  layer  of  rods 
and  cones  (Schwalbe). 


Fig.  428. — A  Small  Portioit  of 
THE  Ciliary  Part  of  the  Re- 
tina (Kolliker).    iiSO  Diameters. 

A,  human  ;  B,  from  the  ox  ;  1, 
pigment-cells  ;  2,  cells  forming  the 
pars  ciliaris. 
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THE    VITREOUS    BODY. 

The  vitreous  body,  the  largest  of  the  transparent  parts  through  which 
the  light  passes  to  reach  the  retina,  occupies  the  centi-e  of  the  eyeball. 
It  is  quite  pellucid  in  aspect,  and  of  a  soft  gelatinous  consistence.  Sub- 
globular  in  form,  it  fills  about  four-fifths  of  the  ball,  and  serves  as  a 
support  for  the  delicate  retina,  but  it  may  be  readily  separated  from  the 
latter,  except  behind,  at  the  entrance  of  the  optic  nerve,  where  the 
connection  is  closer,  the  retinal  vessels  having  here  entered  it  in 
foetal  life.  At  the  fore  part  it  is  hollowed  out  for  the  reception  of  the 
lens  and  its  capsule,  to  which  its  substance  is  closely  adherent. 

The  surface  of  the  vitreous  humour  is  covered  everywhere  except  in 
front  by  a  thin  glassy  membrane,  named  liyaJoid,  which  lies  between 
it  and  the  retina.  Xo  vessels  enter  the  vitreous  humour  in  the  adult, 
and  its  nutrition  must,  therefore,  be  dependent  on  the  surrounding 
vascular  structures,  viz.,  the  retina  and  the  ciliary  processes. 

Although  in  the  fresh  state  apparently  structureless,  or  at  least  pre- 
senting under  the  microscope  but  faint  traces  of  structural  elements — 
the  so-called  corpuscles  of  the  vitreous  humour  to  which  we  shall  im- 
mediately recur, — yet  in  preparations  hardened  in  weak  chromic  acid,  or 
acted  upon  in  certain  other  ways,  it  is  possible  to  make  out  a  more  or 
less  distinct  lamellation  of  the  vitreous  body,  especially  its  peripheral 
part,   that,    namely,   nearest  the 

retina,  which  part  in  the  Imman  Fig-  429. 

eye  has  a  somewhat  firmer  con- 
sistence than  the  more  central 
■portion.  From  the  appearances 
(fig.  429)  which  have  been 
obtained  with  such  modes  of 
preparation  it  has  been  con- 
jectured by  various  observers 
that  at  least  in  this  part  the 
vitreous  substance  is  divided 
into  enclosed,  flattened  compart- 
ments by  a  number  of  exces- 
sively delicate  membranes  ar- 
ranged concentrically  and  there- 
fore parallel  to  the  surface,  but  the 
existence  of  such  membranous 
partitions  has  not  been  con- 
clusively demonstrated.  That, 
however,  the  vitreous  substance 
does  in  some  way  consist  of  a 
firmer  material — whether  or  not 
in  the  shape  of  continuous  membranes — enclosing  m  its  meshes 
the  more  fluid  portion,  is  shown  by  the  fact  that  if  either  the  whole  or  a 
piece  of  the  vitreous  humour  be  thrown  upon  a  filter,  a  small  proportion 
always  remains  upon  the  latter  ;  although  by  far  the  larger  part  drains 
away,  and  may  be  collected  as  a  clear  watery  fluid. 

In  addition  to  the  above-mentioned  concentric  striation,  a  radial 
marking  has  also  been  observed  in  sections  of  the  human  vitreous 


Fig'.  429. — Horizontal  Section  of  the 
Horse's  Eye,  hardened  in  Chroiiic 
Acid  (after  Hannover). 

The  vitreous  humour  appears  concentric- 
ally and  meridionally  striated  throughout  its 
whole  depth. 
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humour,  made  transversely  to  the  axis  of  tne  eyeball  (fig.4o0),  but  whether 

there  is  any  ]jre-esistent  structure  to  account   for  the  appearance  is 

not  known.     It  is  conceivable  that  these  appearances  may  be  merely 

produced  by  the  manner  in  which  the  albuminous 

substance  has  undergone  coagulation  by  the  reagent 

employed. 

However  this  may  be,  there  exists,  nearly  but 
not  quite  in  the  axis  of  the  eye,  a  definite  struc- 
ture in  the  shape  of  a  distinct  canal,  about  a 
line  in  diameter,  filled  with  fluid  and  extending 
from  the  jxipilla  optici  to  the  back  of  the  lens  cap- 
sule where  it  apparently  terminates  blindly.     This 

^.     ,„,     „,  is  the  canalis  hyaloideus  or  canal  of  Slillinn.     It 

Fig.  430.  —Transverse  -1,1             -4.1^1,                  i             1,1 

Section  of  Hitman  ^^  "^est  shown  m  the  fresh  eye,  and  may  be  also 

Eye,   hardened   in  injected  by  forcing  a  coloured  solution  under  the 

Chrojiic  Acid,  SHOW-  pia-matral  sheath  of  the  optic  nerve  (Schwalbe). 

iNG  ^Radial    Stri-  The  Canal  widens  somewhat  towards  its  posterior 

EEOUS  *^BoDY^  (after      P^^'*'  •   ^^'^  ^^^^  ^^   Composed   of  an   excessively  deli- 
Hannover),  cate  homogeneous  membrane. 

Scattered  about  throughout  the  substance  of  the 
vitreous  humour  are  a  variable  number  of  corpuscles,  for  the  most  part 
capable  of  exhibiting  amoeboid  movement  and  many  of  them  apparently 
of  the  nature  of  white  blood  corpuscles.  Some  of  the  cells  here  met  with 
are  remarkable  for  the  very  large  vacuoles  which  they  contain,  and  which 
distend  the  body  of  the  corpuscle,  pushing  the  nucleus  to  one  side  ; 
the  cell  processes  are  for  the  most  part  peculiar  in  possessing  numerous 
little  secondary  bud-like  swellings,  or  they  may  present  a  varicose  ap- 
pearance, like  strings  of  pearls.  Similar  bodies  are  also  found  floating 
free  in  the  vitreous  humour.  Iwanhoff  further  describes  other  cells, 
especially  frequent  near  the  periphery,  of  a  stellate  and  spindle-shaped 
form  and  possessing  similar  processes. 

The  fluid  collected  from  the  vitreous  humour  consists  chiefly  of 
w'ater ;  it  contains,  however,  some  salts  with  a  little  albumen,  in  the 
form  of  an  albuminate  of  soda,  and,  in  the  human  eye,  also  traces  of 
mucin. 

The  hyaloid  membrane  invests,  as  before  mentioned,  the  whole  of 
the  vitreous  humour,  except  in  front,  where  the  membrane  passes 
forwards  to  the  anterior  part  of  the  margin  of  the  lens,  becoming  also 
firmer  in  consistence  and  distinctly  fibrous  in  structure.  This  portioii 
of  the  hyaloid  is  known  as  the  zomda  of  Zmn,  and  the  suspensory  liga- 
ment of  the  lens  (fig.  431,  z,  1 1).  The  posterior  part,  or  hyaloid  proper, 
is  exceedingly  thin  and  delicate,  and  is  readily  thrown  into  folds  when 
detached.  Under  the  microscope  it  presents  no  appearance  of  struc- 
ture :  but,  flattened  against  its  inner  surface  are  generally  to  be  seen 
a  number  of  granular  nucleated  corpuscles,  which  exhibit  amoeboid 
movements  :  they  appear  to  be  merely  migrated  white  blood  corpuscles. 
The  ciliary  part  or  zonula,  on  the  other  hand,  presents  radiating 
meridional  fibres,  stiff  in  appearance,  and  apparently  intermediate  in 
character  between  elastic  and  white  fibres  of  connective  tissue ;  they 
commence  generally  about  opposite  the  ora  serrata,  and  confer  con- 
siderable stoutness  upon  this  portion  of  the  hyaloid  membrane,  which 
here,  as  its  name  implies,  assists  in  supporting  the  lens,  to  the  capsule 
of  which  it  is  anteriorly  firmly  attached.     Moreover,  this  part  of  the 
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hyaloid,  being  opposite  to  the  ciliary  processes,  differs  from  the  rest  in 
the  fact  that  instead  of  presenting  a  smooth  and  even  surftice,  it 
exhibits,  when  separated,  small,  regular  folds — processus  ciliareszomike — 


Fi?.  431. 


Fig  431. — Sectional   view  of   the    Connections   of   the  Cornea,  Sclerotic,  Iris, 
Ciliary  Muscle,  Ciliary  Processes,  Hyaloid  Membrane  and  Lens.     ?- 

The  specimen  extends  from  the  middle  of  the  lens  to  the  era  serrata  on  the  inner  side 
of  the  right  eye.  C,  cornea  ;  cs,  conjunctiva  ;  ce,  epithelium  of  the  conjunctiva  ;  dp, 
posterior  elastic  layer  ;  le,  ligamentum  pectinatam  iridis  ;  S,  sclerotic  ;  A,  the  aqueous 
chamber  ;  ap,  the  recess  forming  the  posterior  division  of  the  aqueous  chamber  ;  SV,  canal 
of  Schlemm  ;  ir,  radiating  muscle  of  the  iris  ;  io,  divided  fibres  of  the  sphincter  muscle  ; 
u,  pigment  layer  or  uvea  ;  In,  centre  of  the  crystalline  lens  ;  Ic,  capsule  of  the  lens  ;  Ice, 
layer  of  cells  in  front  of  the  lens  ;  cir,  radiating  ciliary  muscle  ;  cio,  divided  annular 
fibres  ;  cip,  ciliary  process  ;  Ch,  choroid  ;  R,  retina  ;  o,  ora  serrata  ;  re,  the  ciliary  part 
of  the  retina  ;  h,  hyaloid  membrane  ;  P,  canal  of  Petit ;  Z,  zonule  of  Zinn;  II,  suspensory 
ligament  of  the  lens  proceeding  from  the  hyaloid  covering  the  ciliary  process  towards 
the  front  of  the  capsule  of  the  lens  ;  am,  anterior  margin  of  the  vitreous  humour,  V. 


(in  the  intervals  of  which  a  small  amount  of  pigment  commonly  remains 
attached):  these  fit  closely  into  the  intervals  between  the  true  ciliary  pro- 
cesses. Between  the  last  named  and  the  lens  the  ligament  is  free  fi'oni 
plaits,  and  forms  part  of  the  posterior  boundary  of  the  aqueous  chamber. 
Its  posterior  surface  is  turned  towards  the  vitreous  humour,  but  is  sepa- 
rated from  the  latter  near  the  lens  by  a  zonular  space,  triangular  in 
section,  named  the  canal  of  Petit  (fig.  431,  p).  During  life,  in  all 
probability,  the  vitreous  humour  extends  into  and  almost  or  entirely 
occupies  this  space  ;  but  after  death  it  may  be  injected  with  fluid  or 
distended  with  air  :  if  this  be  done  after  removalof  the  anterior  parts 
which  support  and  enclose  it,  the  folds  of  the  suspensory  ligament  on 
its  front  are  distended,  and  the  canal  presents  a  sacculated  appearance, 
as  in  fig.  432. 
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According  to  another  and  more  generally  received  account  the  hyaloid  mem- 
hrane  divides  in  front  into  two  layers  ;  an  anterior,  continued  foi-wards  as  the 
zonule  of  Zinn.  and  a  posterior,  passing  behind  the  lens  ;  the  canal  of  Petit  being 
contained  between  them. 


Fig.  432. — View   from   before    op   the   Canal    op    Petit 
INFLATED  (from  Sappey). 

The  anterior  parts  of  the  sclerotic,  choroid,  iris  and  cornea 
having  been  removed,  the  remaining  parts  are  viewed  from 
before,  and  the  canal  of  Petit  has  been  inflated  with  air 
through  an  artificial  opening.  1,  front  of  the  lens  ;  2, 
vitreous  body  ;  3,  outer  border  of  the  canal  of  Petit  ;  4,  outer 
part  of  the  zonule  of  Zinn  ;  5,  appearance  of  sacculated 
dilatations  of  the  canal  of  Petit. 


THE    IiENS. 


The  lens  (lens  crysiallina)  is  a  transparent  solid  body,  of  a  doubly 
convex  shape,  with  the  circumference  rounded  off.  It  is  completely 
enclosed  by  a  transparent  elastic  membrane  known  as  the  capsule  of 
the  Jens.  The  anterior  surface  is  in  contact  with  the  iris  towards  the 
pupil,  receding  from  it  slightly  at  the  circumference  ;  the  posterior 


-Outlines  illustrating  the  Course  of  the  Fibres  in  the  I^cetal 
Crystalline  Lens.     \ 

This  diagram  represents  the  typical  or  more  simple  state  of  the  fibres  in  the  full- 
grown  foetal  or  infantile  condition  ;  the  three  dotted  lines  radiating  at  equal  angles  of 
120°  from  the  centre  indicate  the  position  of  the  intersecting  planes,  where  they  reach 
the  surface  ;  the  figures  1,  2,  3,  4,  5,  and  6,  indicate  certain  fibres  selected  arbitrarily  at 
equal  distances  in  one-sixth  part  of  the  lens  to  show  their  course  from  the  front  to  the 
back  ;  A,  the  anterior  surface  ;  B,  the  posterior  surface  ;  C,  the  lateral  aspect  :  in  these 
several  figures,  for  the  sake  of  clearness,  a  few  lines  only  are  introduced  into  the  upper 
third,  while  in  the  lower  two-thirds  a  greater  number  are  marked  ;  but  no_  attempt  is 
made  to  represent  the  number  existing  in  nature  ;  the  parts  of  the  dotted  line  marked 
c,  are  on  a  level  with  the  centre  of  the  several  lenses. 

rests  closely  on  the  vitreous  body.  Around  the  circumference  is  the 
canal  of  Petit.  Its  convexity  is  not  alike  on  the  two  surfaces,  being 
greater  behind  ;  moreover,  the  curvature  is  less  at  the  centre  than 
towards  the  margin.  It  measures  about  |rd  of  an  inch  across,  and 
•Jth  from  before  "backwards.    In  a  fi'esh  lens,  divested  of  its  capsule. 
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the  outer  portion  is  soft  and  easily  detached ;  the  succeeding  layers 
are  of  a  firmer  consistence ;  and  in  the  centre  the  substance  becomes 
much  harder,  constituting  the  so-called  nucleus.  On  the  anterior  and 
posterior  surfaces  are  faint  white  lines  directed  from  the  poles  towards  the 
circumference ;  these  in  the  adult  are  somewhat  variable  and  numerous 


Fig.  434. 
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Fig.  434. — Feont  View  op  the  Fibrous 
Strtjctuke  op  the  Adult  Lens  (from 
Sappey  after  Arnold),     f 

la  this  figure  more  numerous  planes  of 
intersection  of  the  fibres  are  shown  than  in 
fig.  433. 

Fi.cr.  435. 


Fig.  435. — Laminated  Structure  of  the 
Crystalline  Lens,  shown  after  hard- 
ening IN  Alcohol   (Arnold).     ^ 

on  the  surface  (fig.  434),  but  in  the 
foetal  lens  throughout,  and  towards 
the  centre  of  the  lens  in  the  adult, 
they  are  three  in  number,  diverging 
from  each  other  like  rays  at  equal 
angles  of  120°  (fi^.  433,  b  and  c). 
The  lines  at  opposite  poles  have  an 
alternating  position  (not  being  over 
one  another),  thus  of  those  seen  on 
the  posterior  surface,  one  is  directed 
vertically  upwards  (fig.  433,  b),  and 


Fig.  436. — Fibres    op    the  Crystal- 
line Lens.     350  Diameters.  '  , 

A,  longitudinal  view  of  the  fibres  of 
the  lens  from  the  ox,  showing  the  ser- 
rated edges.  B,  transverse  section  of 
the  fibres  of  the  lens  from  the  human 
eye  (from  K 6 Hiker).  C,  longitudinal 
view  of  a  few  of  the  fibres  from  the 
equatorial  region  of  the  human  lens 
(from  Henle).  Most  of  the  fibres  in  C  are 
seen  edgeways,  and,  towards  1,  present 
the  swellings  and  nuclei  of  the  "  nuclear 
zone  ;  "  at  2,  the  flattened  sides  of  two 
fibres  are  seen. 
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the  other  two  downwards  and  to  either  side,  whereas  those  on  the 
anterior  surface  are  directed  one  directly  downwards  and  the  other 
two  upwards  and  to  the  sides  (a).  These  lines  are  the  edges  of  planes 
or  septa  within  the  lens  diverging  from  the  axis,  and  receiving  the  ends 
of  the  lens-fibres,  which  here  abut  against  one  another.  As  Tweedy 
has  pointed  out,  they  may  be  seen,  by  the  aid  of  the  ophthalmoscope, 
even  during  life. 

STRUCTURE     OF    THE    LENS    AND     ITS    CAPSULE. 

"When  the  lens  has  been  hardened  and  the  capsule  removed,  a  succes- 
sion of  concentric  laminae  may  be  detached  from  it  like  the  coats  from 
an  onion.  They  are,  however,  not  continuous  all  round  as  a  rule, 
being  apt  to  separate  into  parts  opposite  the  radiating  lines  above 
described  (fig.  435).  The  laminae  are  composed  of  long,  riband-shaped, 
microscopic  fibres,  xoVo  i^ich  broad,  which  adhere  together  by  their 
edges,  the  latter  being  often  finely  serrated  (fig.  436,  A),  and  pass  in  a 
curved  direction  (fig.  436,  c),  from  the  intersecting  planes  of  the  anterior 
half  of  the  lens  to  those  of  the  posterior  half,  or  vice  versd :  in  this 
course  no  fibre  passes  from  one  pole  to  the  other,  but  those  fibres  which 
begin  near  the  pole  or  centre  of  one  surface,  terminate  near  the  mar- 
ginal part  of  a  plane  on  the  opposite  surface,  and  conversely  ;  the  inter- 
vening fibres  passing  to  their  corresponding  places  between.  The 
arrangement  will  be  better  understood  by  a  reference  to  fig.  433,  c,  where 
the  course  of  the  fibres  is  diagrammatically  indicated. 

The  lens  fibres,  as  the  history  of  their  development  shows,  are  to  be 
looked  upon  as  very  much  elongated  cells.  In  the  young  state  each  has 
a  clear  oval  nucleus,  but  in  the  fully-formed  lens  the  nuclei  have  dis- 
appeared from  the  fibres  which  form  the  more  internal  parts  of  the  lens, 
and  only  remain  in  the  most  superficial  layers.  Here  they  are  found, 
not  quite  in  the  middle  of  each  fibre,  but  slightly  nearer  the  anterior 
end,  their  situation  nearly  corresponding  in  adjacent  fibres,  and  they 
form  by  their  juxtaposition  the  so-called  "  nuclear  zone  "  around  the 
lens.  The  superficial  fibres  further  differ  from  the  more  deeply  seated 
ones  in  being  softer,  and  in  possessing  a  plain,  unserrated  margin. 
The  extremities  of  all  the  fibres  are  softer  and  more 
Fig.  437.  readily  acted  on  by  reagents  than  the  middle  parts, 

and  the  axial  or  more  internal  part  of  a  fibre  more 
so  than  the  external,  but  the  transition  is  gradual 
from  one  to  the  other,  and  there  is  no  definite 
membrane  enclosing  each  fibre.  The  lens-fibres 
when  cut  across  are  seen  to  be  six-sided  prisms 
(fig.  436,  B).  By  reason  of  this  shape,  and  the 
serrations  of  their  edges,  they  fit  very  exactly  the 
one  to  the  other  with  but  little  interfibrillar 
w    1^7  _f<  cementing  substance  between.      This  is  met  with 

^Ing  beTweS"^  t"e  ^"^  rather  larger  quantity  in  the  intersecting  planes 
Leks  and  its  Cap-  between  the  ends  of  the  fibres.  In  fishes,  and  some 
SHLE  (from  Bow-  other  animals,  the  edges  of  the  lens-fibres  are 
man).    ^  much  more  distinctly  and  regularly  toothed  than 

in  man. 
At  the  back  of  the  lens  the  fibres  are  directly  in  contact  with  the 
inner  surface  of  the  capsule,  but  in  front  they  are  separated  from  the 
latter  by  a  single  layer  of  flattened,  polygonal,  nucleated  cells  (fig.  437), 


STEUCTURE    OF   THE  LENS. 


625 


which  covers  the  whole  anterior  surface  underneath  the  capsule.  To- 
wards the  edge  or  equator  of  the  lens  the  appearance  and  character 
of  these  cells  undergo  a  change :  they  first  gradually  take  on  a  columnar 
form,  and  then,  becoming  more  and  more  elongated,  present  every 
transition  to  the  nucleated  lens-fibres  of  the  superficial  layers,  into 
which  they  are  directly  continuous.  This  transition  is  more  gradual 
and  easily  traced  in  the  lens  of  some  animals  than  in  man  (see  fig.  438). 

Fi?.  438. 


Fig.  438. — Section  through   the   Maegin    of    the    Rabbit's    Lens,    showing    thh 
Transition  op- the  Epitheliuji  into  the  Lens-fibres  (Babucliin). 

The  capsule  of  the  lens  is  a  transparent,  structureless  membrane, 
■somewhat  brittle  and  elastic  in  character,  and  when  ruptured  the  edges 
roll  outwards.  It  is  very  permeable  to  fluid,  and  in  chemical  reactions 
appears  to  be  intermediate  between  elastic  and  white  connective  tissue, 
for  it  is  slowly  acted  on  by  acids  and  dissolves  by  long  boiling  in  water, 
but  the  solution  does  not  gelatinize  in  the  cold.  The  body  of  the  lens 
itself  contains  about  60  per  cent,  water,  and  30  per  cent,  solid  matter  ; 
chiefly  albuminoids. 

The  fore  part  of  the  capsule,  from  about  -^  inch  from  the  circumference, 
where  the  suspensory  ligament  joins  it,  is  much  thicker  than  the  back  :  at  the 
posterior  pole  of  the  lens  the  capsule  is  very  thin  indeed.  In  the  adult  it,  like 
the  lens  itself,  is  entirely  non-vascular,  but  in  the  foetus  there  is  a  network  of 
vessels  in  the  capsule,  supplied  by  the  terminal  branch  of  the  arteria  cen- 
tralis retinse,  which  passes  from  the  optic  papilla  through  the  canal  of  Stilling' 
in  the  vitreous  humour  to  reach  the  back  of  the  capsule,  where  it  divides 
into  radiating  branches.  After  fonning  a  fine  network,  these  turn  round  the 
margin  of  the  lens  and  extend  forwards  to  become  continuous  with  the  vessels 
in  the  pupillary  membrane  and  iris. 

After  death  a  small  quantity  of  fluid  (liquor  Morgagni)  frequently  collects 
between  the  back  of  the  lens  and  the  capsule  :  it  appears  to  be  derived  fi-om 
the  breaking  down  of  the  lens  fibres.  There  is  no  epithelium  in  this  situation, 
as  in  front. 


Changes    in  the    lens    "by    age. — In   the 

foetus,  the  lens  is  nearly  spherical  (fig.  439,  a) : 
it  has  a  slightly  reddish  colour,  is  not  perfectly 
transparent,  and  is  softer,  and  more  readily 
broken  down  than  at  a  more  advanced  age. 

In  the  adult,  the  anterior  surface  of  the  lens 
becomes  more  obviously  less  convex  than  the 
posterior  (fig.  439,  5) ;  and  the  substance  of  the 
lens  is  firmer,  colourless,  and  transparent. 

In  old  age,  it  is  more  flattened  on  both 
surfaces  (r);  it  assumes  a  yellowish  or  amber 
tinge,  and  is  apt  to  lose  its  transparency  as 
it  gradually  increases  in  toughness  and  specific 
gravitv. 


Fiff.  439. 


Fig.  439. — SiDK  View  oe" 
the  Lens  at  DifpekbHT 
Ages. 

a,  at  birth  with  the 
deepest  convexity ;  h,  in 
adult  life  with  medium 
convexity  ;  c,  in  old  age 
with  considerable  flatten- 
ing of  the  cun-atures. 
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AQUEOUS    HUMOUR   ANJD   ITS    CHAMBER. 

The  aqueous  humour  fills  the  space  in  the  fore  part  of  the  eyeball, 
between  the  capsule  of  the  lens  with  its  suspensory  ligament  and  the 
cornea.  It  differs  little  from  water  in  its  physical  characters ;  but  it 
contains  a  small  quantity  of  some  solid  matter,  chiefly  chloride  of 
sodium,  dissolved  in  it.  The  iris,  resting  in  part  upon  the  lens,  divides 
the  aqueous  chamber  partially  into  two,  named  respectively  the  anterior 
and  posterior  chambers.  This  subdivision  is  incomplete  in  the  adult, 
but  in  the  foetus  before  the  seventh  month  it  is  completed  by  the  mem- 
brana  pupillaris,  which,  by  its  union  with  the  margin  of  the  pupil, 
closes  the  aperture  of  communication  between  the  two  chambers. 

The  anterior  chamber  is  limited  in  front  by  the  cornea  and  behind 
by  the  iris,  while  opposite  the  pupil  it  is  bounded  by  the  front  of  the 
lens  and  capsule. 

The  jMsterior  cJiamher  was  origmsiUj  so  named  in  the  belief  that  a 
distinct  free  space  intervened  between  the  iris  and  the  capsule  of  the 
lens.  It  is  now,  however,  well  ascertained  by  observations  on  the  living 
eye,  and  by  sections  made  in  the  frozen  state,  that  the  iris  comes  into 
contact  with  the  capsule  of  the  lens,  both  at  the  pupillary  margin  and 
at  the  adjoining  part  of  the  posterior  surface ;  and  the  term  posterior 
chamber  can  therefore — unless  it  be  employed  to  indicate  the  want  of 
Continuity  between  those  opposed  structures,  where  no  space  actually 
intervenes — only  be  applied  to  the  angular  interval  existing  at  the 
circumference  between  the  ciliary  processes,  the  iris,  and  the  suspensory 
ligament.* 

THE   EAR. 

The  organ  of  hearing  is  divisible  into  three  parts  :  the  external 
ear  (fig.  440,  1,  2),  the  tympanum  or  middle  ear  (3),  and  the  labyrinth 
or  internal  ear  (6).  The  first  two  of  these  are  to  be  considered  as 
accessories  to  the  third,  which  is  the  sentient  portion  of  the  organ. 

THE  EXTERNAL  EAR. 

In  the  external  ear  are  included  the  pinna — the  part  of  the  outer  ear 
which  projects  from  the  side  of  the  head — together  with  the  meatus  or 
passage  which  leads  thence  to  the  tympanum,  and  which  is  closed  at 
its  inner  extremity  by  a  membrane  (membrana  tympani)  interposed 
between  it  and  the  middle  ear. 

THE    PINNA, 

Superficial  configuration. — The  general  form  of  the  pinna  or 
auricle,  as  seen  from  the  outside,  is  concave,  to  fit  it  for  collecting  and 
concentrating  the  undulations  of  sound,  but  it  is  thrown  into  various 
elevations  and  hollows,  to  which  distinct  names  have  been  given.  The 
largest  and  deepest  concavity,  a  little  below  the  centre  of  fhe  organ,  is 
called  the  co7icha  (fig.  441,  7) ;  it  surrounds  the  entrance  to  the  external 
auditory  meatus,  and  is  unequally  divided  at  its  upper  and  anterior 
part  by  a  ridge,  which  is  the  beginning  of  the  helix.     In  front  of  the 

*  For  the  most  recent  and  complete  account  of  the  anatomy  of  all  the  parts  composing 
and  connected  with  the  organ  of  vision  the  reader  is  referred  to  the  elaborate  articles  by 
Merkel,  "Waldeyer,  Schwalbe,  I^iiranoif,  and  Arnold,  in  Graefe  and  Saemisch's  Handbuch 
der  gesammten  Augenheilkunde  ;  which,  we  may  add,  has  been  freely  consulted  in  com- 
jiling  the  present  description. 


THE  EAR. 

Fig.  440. 
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Fig.  440: — Diagrammatic  View  from  before  of   the   Parts   composing  the  Okgan 
OF  Heakixg  of  the  Left  Side  (after  Arnold). 

The  temporal  bone  of  the  left  side,  with  the  accompanying  soft  parts,  has  been  detached 
from  the  head,  and  a  section  has  been  carried  through  it  transversely  so  as  to  remove  the 
front  of  the  meatus  externus,half  the  tympanic  membrane,  and  the  upper  and  anterior  wall 
of  the  tympanum  and  Eustachian  tube.  The  meatus  internus  has  also  been  opened,  and 
the  bony  labyrinth  exposed  by  the  removal  of  the  surrounding  parts  of  the  petrous  bone. 
1,  the  pinna  and  lobe  ;  2  to  2',  meatus  externus  ;  2',  membrana  tympani  ;  3,  cavity  of  the 
tympanum  ;  3',  its  opening  backwards  into  the  mastoid  cells  ;  betvreen  3  and  3',  the  chain 
of  small  bones  ;  4,  Eustachian  tube  ;  5,  meatus  internus  containing  the  facial  (upper- 
most) and  the  auditory  nerves  ;  6,  placed  on  the  vestibule  of  the  labyrinth  above  the 
fenestra  ovalis  ;  a,  apex  of  the  petrous  bone  ;  6,  internal  carotid  artery  ;  c,  styloid  pro- 
cess ;  d,  facial  nerve  issuing  from  the  stylo-mastoid  foramen  ;  e,  mastoid  process  ;  f, 
squamous  part  of  the  bone  covered  by  integument. 


Fig.  441. — Outer  Surface  of  the  Pinna  of  the  Eight  Fig.  441. 

Auricle.     | 

1,  heUx  ;  2,  fossa  of  the  helix ;  3,  antihelix  ;  4,  fossa  of 
the  antihelix ;  5,  antitragus  ;  6,  tragus  ;  7,  concha ;  8, 
lobule. 

concha,  and  projecting  backwards  over  the 
meatus  auditorius,  is  a  conical  prominence,  the 
tragus  (fig.  441,  6),  covered  usually  with  hairs. 
Behind  this,  and  separated  from  it  by  a  deep 
notch  (incisura  intertragica),  is  another  smaller 
elevation,  the  antitragus  (5).  Beneath  the 
antitragus,  and  forming  the  lower  end  of  the 
auricle,  is  the  lolule  (8),  which  is  devoid  of  the 
firmness  and  elasticity  that  characterise  the 
rest  of  the  pinna.  The  thinner  and  larger  por- 
tion of  the  pinna  is  bounded  by  a  prominent 
and  incurved  margin,  the  helix  (l),  which, 
springing  above  and  rather  within  the  tragus,  from  the  hollow  of  the 
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concha,  surrounds  the  upper  and  posterior  margin  of  the  auricle,  and 
gradually  loses  itself  in  the  back  part  of  the  lobule.*  Within  the  helix 
is  another  curved  ridge,  the  antihelix  (3),  which,  beginning  below  at  the 
antitragus,  sweeps  round  the  hollow  of  the  concha,  forming  the  posterior 
boundary  of  that  concavity,  and  is  divided  superiorly  into  two  diverging 
ridges.  Between  the  helix  and  the  antihelix  is  a  narrow  curved  groove, 
the  fossa  of  the  helix  (fossa  innominata,  scaphoidea)  (2) ;  and  in  the 
fork  of  the  antihelix  is  a  somewhat  triangular  depression,  t\\Q  fossa  of 
the  antihelix  (fossa  triangularis  vel  ovalis)  (4). 

Striictnre. — The  pinna  consists  mainly  of  yellow  fibro-cartilage 
and  integument,  Vt'ith  a  certain  amount  of  adipose  tissue.  It  has 
several  ligaments  and  small  muscles  of  minor  importance. 

The  shin  covering  it  is  thin,  closely  adherent  to  the  cartilage,  and 
contains  sebaceous  follicles,  which  are  most  abundant  in  the  hollows  of 
the  concha  and  scaphoid  fossa. 

The  cartilage  (figs.  442,  443)  forms  a  thin  plate,  presenting  all  the 
inequalities  already  described  as  apparent  on  the  outer  surface  of 
the  pinna,  and  on  its  cranial  surface  having  prominences  the  reverse 
of  the  concha  and  the  fossa  of  the  helix,  while  between  these  is  a 
depression  in  the  situation  of  the  antihelix.  The  cartilage  is  not 
confined  to  the  pinna,  but  enters  likewise  into  the  construction  of 
the  outer  part  of  the  external  auditory  canal.  When  dissected  from 
other  structures,  it  is  seen  to  be  attached  by  fibrous  tissue  to  the  rough 
and  prominent  margin  of  the  external  auditory  meatus  of  the  temporal 
bone.  The  tubular  part  is  cleft  in  front  from  between  the  tragus 
and  fore  part  of  the  helix  inwards  to  the  bone,  the  deficiency  being 
filled  with  fibrous  membrane  ;  the  whole  cartilage  may  be  looked 
upon  as  an  elongated  plate,  the  lower  part  of  which  is  folded  round 
in  ii'ont  so  as  to  bring  it  nearly  into  contact  with  the  upper  part. 
There  is  no  cartilage  in  the  lobule  :  it  contains  only  fat  and  tough 
connective  tissue.  Behind  the  prominence  of  cartilage  which  forms 
the  antitragus  is  a  deep  notch,  separating  it  from  the  cartilage  of  the 
helix,  which  here  forms  a  tail-like  process  descending  towards  the 
lobule  (fig.  443).  At  the  fore  part  of  the  pinna,  opposite  the  first  bend 
of  the  helix,  is  a  small  conical  projection  of  the  cartilage,  called  the 
process  of  the  helix,  to  which  the  anterior  ligament  is  attached.  Behind 
this  process  is  a  short  vertical  slit  in  the  helix  ;  and  on  the  surface  of 
the  tragus  is  a  similar  but  somewhat  longer  fissure.  A  deep  fissiu'e 
passes  back  between  the  commencement  of  the  helix  and  the  tube  of 
the  ear,  and  another  passing  outwards  and  backwards  from  the  deep 
end  of  the  longitudinal  cleft  separates  the  part  forming  the  tragus  from 
the  rest  of  the  tube,  so  that  the  tube  is  continuous  with  the  pinna  only 
by  means  of  a  narrow  isthmus.  One  or  two  other  irregular  gaps  or 
fissures  partially  divide  the  cartilaginous  tube  transversely,  and  the 
whole  of  these  deficiencies  are  termed  fissures  of  Santorini.  The  sub- 
stance of  the  cartilage  is  very  pliable,  and  is  covered  by  a  firm  fibrous 
perichondrium. 

Of  the  ligaments  of  the  pinna,  the  most  important  are  two,  which 

*  A  slight  pointed  projection  v.-liich  is  occasionally  observed  in  the  human  subject  at 
the  margin  of  the  helix  (at  a  place  indicated  by  the  asterisk  in  fig.  441)  is  of  interest 
as  representing  the  much  more  distinct  pointed  extremitj'  met  with  in  the  expanded  ears 
of  quadrupeds  (Darwin,  "The  Descent  of  Man,"  2nd  edition,  p.  15).  The  point  in 
question  happens  to  be  distinctly  seen  in  the  cartilage  represented  in  fig.  442. 
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assist  in  attaching  it  to  the  side  of  the  head.  The  anterior  ligament, 
broad  and  strong,  extends  from  the  process  of  the  helix  to  the  root  of 
the  zygoma.  The  posterior  ligament  fixes  the  back  of  the  auricle 
(opposite  the  concha)  to  the  outer  surface  of  the  mastoid  process  of  the 
temporal  bone.  A  few  fibres  attach  the  tragus  also  to  the  root  of  the 
zygoma.  Ligamentous  fibres  are  likewise  jalaced  across  the  fissures  and 
intervals  left  in  the  cartilage. 

Of  the  muscles  of  the  pinna,  those  which  are  attached  by  one  end  to 
the  side  of  the  head,  and  move  the  pinna  as  a  whole,  have  been  already 
described  (vol.  i.) :  there  remain  to  be  examined  several  smaller  mus- 
cles, composed  of  thin  layers  of  pale-looking  fibres,  which  extend  from 
one  part  of  the  pinna  to  another,  and  may  be  named  the  special  muscles 
of  the  organ.  Six  such  small  muscles  are  distinguished  ;  four  being 
placed  on  the  outer  and  two  on  the  inner  or  deep  surface  of  the  pinna. 

The  smaller  muscle  of  the  helix  (fig.  442,  1)  is  a  small  bundle  of  ob- 
lique fibres,  lying  over,  and  firmly  attachecl  to,  that  portion  of  the  helix 
which  springs  from  the  bottom  of  the  concha. 

The  greater  muscle  of  the  helix  (fig.  442,  2)  lies  vertically  along  the 
anterior  margin  of  the  pinna.  By  its  lower  end  it  is  attached  to  the 
process  of  the  helix  ;  and  above,  its  fibres  terminate  opposite  the  point 
at  which  the  ridge  of  the  helix  turns  backwards. 

The  muscle  of  the  tragus  (fig.  442,  3)  is  a  flat  bundle  of  short  fibres 
covering  the  outer  surface  of  the  tragus :  its  direction  is  nearly  vertical. 

The  muscle  of  the  antitragus  (fig.  442,  4)  is  placed  obliquely  over  the 
antitragus  and  behind  the  lower  part  of  the  antihelis.     It  is  fixed  at 


Fig.  442. — Cartilage  of  the 
plitna  exposed,  with  the 
Muscles  on  its  Outer  Sue- 
face. 

1,  mnsculus  iielicis  minor ; 
2,  m.  helicis  major  ;  3,  tra- 
gicus  ;  4,  antitragicus. 


Fig.  443.  —Inner  Surface  of 
THE  Cartilage  op  the 
Pinna  with  the  Small 
Muscles  attached. 

5,  transversns  aiiriciilra 
muscle  ;  6,  obliquus  auriculas 
muscle. 


Fig.  442. 


Fig.  443. 


one  end  to  the  antitragus,  from  which  point  its  fibres  ascend  to  be 
inserted  into  the  tail-like  extremity  of  the  helix,  above  and  behind  the 
lobule. 

The  transverse  muscle  (fig.  443,  5)  lies  on  the  inner  or  cranial  surface 
of  the  pinna,  and  consists  of  radiating  fibres  which  extend  from  the 
back  of  the  concha  to  the  prominence  which  corresponds  with  the 
groove  of  the  helix. 

The  oUique  muscle  (Tod)  (fig.  443,  6)  consists  of  a  few  fibres  stretching 
from  the  back  of  the  concha  to  the  convexity  directly  above  it,  across 
the  back  of  the  inferior  branch  of  the  antihelix,  and  near  the  fibres  of 
the  transverse  muscle. 
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Vessels  and  nerves  of  the  pinna. — The  2^osterwr  auricular  artery,  a  branch 
from  the  external  carotid,  is  distributed  chiefly  on  the  posterior  or  inner  surface, 
but  sends  small  branches  round  and  through  the  cartilage  to  ramify  on  the  outer 
sui-face  of  the  pinna.  Besides  this  artery,  the  auricle  receives  others — the  ante- 
rior auricular  from  the  temporal  in  front,  and  a  small  artery  from  the  occipital 
behiad. 

The  veins  correspond  much  in  their  coui'se  with  the  arteries.  They  join  the 
temporal  veiu,  and  their  blood  is  returned  therefore  through  the  external  jugrdar. 

The  great  auricular  nerve,  from  the  cervical  plexus,  supplies  the  greater  part 
of  the  back  of  the  auricle,  and  sends  small  filaments  with  the  posterior  auricular 
artery  to  the  outer  surface  of  the  lobule  and  the  part  of  the  ear  above  it.  The 
posterior  auricular  nerve  derived  fi'om  the  facial,  after  communicating  with  the 
auricular  hrancJi  of  the  pneumogastric,  ramifies  on  the  back  of  the  ear  and  sup- 
plies the  retrahent  muscle.  The  upper  muscles  of  the  auricle  receive  their  supply 
from  the  temporal  iranelies  of  the  same  nerve.  The  axiriculo-temporal  branch  of 
the  third  division  of  the  fifth  nerve  gives  filaments  chiefly  to  the  outer  and  ante- 
rior surface  of  the  pinna. 


a?HE    EXTERNAL    AtlDITORY    CANAL. 

The  external  auditory  canal,  meatus  auditoriiis  externus  (fig.  440), 
extends  from  the  bottom  of  the  concha  (2)  to  the  membrane  of  the 
tympanum  (2'),  and  serves  to  convey  the  vibrations  of  sound  to  the 
middle  chamber  of  the  ear.  The  canal  is  about  one  inch  and  a  quarter 
in  length.  In  its  inward  course  it  is  inclined  somewhat  forwards 
(fig.  444) ;  and  it  presents  likewise  a  distinct  vertical  curve  (fig.  440), 

being  directed  at  first  somewhat  up- 
Fig-  444  wards,  and  afterwards  turning  over  a 

convexity  of  the  osseous  part  of  its  floor, 
and  dipping  downwards  to  its  termina- 
tion.— a  change  of  direction  which  must 
be  borne  in  mind  by  the  surgeon  in  in- 
troducing specula  into  the  ear.  The 
calibre  of  the  passage  is  smallest  about 
the  middle.  The  outer  opening  is  largest 
from  above  downwards,  but  the  inner 
end  of  the  tube  is  slightly  widest  in  the 
transverse  direction.  At  the  inner  ex- 
tremity the  tube  is  terminated  by  the 
membrana  tympani,  which  is  placed 
obliquely,  with  the  inferior  margin  in- 
clined towards  the  mesial  plane;  and 
thus,  as  shown  in  fig.  440,  the  floor  of 
the  meatus  is  longer  than  its  roof. 

The  meatus  is  composed  of  a  tube 
partly  cartilaginous  and  partly  osseous, 
and  is  lined  by  a  prolongation  of  the 
skin  of  the  pinna. 

The  carUlaginous  part  occupies  some- 
what less  than  half  the  length  of  the 
passage.  It  is  formed  by  the  deep  part 
of  the  cartilage  of  the  pinna,  already 
described. 

The  osseous  portion  is  a  little  longer 
and  rather  narrower  than  the  cartilaginous  part.    At  its  inner  end  it 


Fig.  444. — View  op  the  Lower 
Half  of  the  Auricle  and 
Meatus  in  the  Left  Ear  divided 
BY  A  Horizontal  Section  (after 
Sommerring) 

1  and  2,  cut  surfaces  of  the  bony 
part  of  the  meatus  ;  3,  cut  surface  of 
the  cartilage  of  the  pinna ;  4,  external 
meatus  with  the  openings  of  nume- 
rous ceruminous  glands  indicated  ; 
5,  lobule  ;  6,  membrane  of  the 
tympanum  ;  7,  dura  mater  lining  of 
the  skull. 
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presents  a  narrow  groove,  which  extends  round  the  sides  and  floor 
of  the  meatus,  but  is  deficient  above ;  into  this  the  margin  of  the 
membrana  tympani  is  inserted. 

The  skin  of  the  meatus  is  continuous  with  that  covering  the  pinna, 
but  is  very  thin,  especially  in  the  osseous  part,  and  becomes  gradually 
thinner  towards  the  bottom  of  the  passage.  In  the  osseous  part  it 
adheres  very  closely  to  the  periosteum,  and  at  the  bottom  of  the  tube  is 
stretched  over  the  surface  of  the  membrana  tympani,  forming  the  outer 
layer  of  that  structure.  After  maceration  in  water,  or  when  decompo- 
sition has  advanced,  the  epidermic  lining  of  the  passage  may  be 
separated  and  drawn  out  entire,  and  then  it  appears  as  a  small  tube 
closed  at  one  end  somewhat  like  the  finger  of  a  glove.  Towards  the 
outer  part  the  skin  possesses  fine  hairs  and  sebaceous  glands  ;  and  in 
the  thick  subdermic  tissue  over  the  cartilage  are  many  small  oval  glands 
of  a  brownish  yellow  colour,  agreeing  in  form  and  structure  with  the 
sweat  glands,  but  larger.  The  cerumen  or  ear-wax  is  secreted  by  these 
glands,  glandulcB  ceruminosce,  and  their  numerous  openings  may  be  seen 
to  perforate  the  skin  of  the  meatus.  These  accessory  parts  are  absent 
over  the  bony  part  of  the  tube. 

Vessels  and  nerves. — The  external  auditory  meatus  is  supplied  with,  arteries 
from  the  posterior  auricular,  internal  maxillary  and  temporal  arteries  ;  and  with 
nerves  chiefly  from  the  temporo-auricular  branch  of  the  fifth  nerve.  The  prin- 
cipal branches  of  the  arteries  coui'se  along  the  upper  and  back  wall  of  the  canal. 
The  nerves  break  up  into  numerous  branches  on  reaching  the  osseous  part. 

State  in  the  infant.— The  auditory  passage  is  in  a  very  rudimentary  state  in 
the  infant,  for  the  osseous  part  begins  to  grow  out  of  the  temporal  bone  only 
at  the  period  of  birth,  and  thus  the  internal  and  middle  parts  of  the  ear  are 
brought  much  closer  to  the  sui-f  ace  than  in  the  adult. 


THE     MIDDLE    EAR    OR    TYMPANUM. 

The  tympanum  or  drum,  the  middle  chamber  of  the  ear,  is  a  narrow 
irregular  cavity  in  the  substance  of  the  temporal  bone,  placed  between 
the  inner  end  of  the  external  auditory  canal  and  the  labyrinth.  It 
receives  the  atmospheric  air  from  the  pharynx  through  the  Eustachian 
tube,  and  contains  a  chain  of  small  bones,  by  means  of  which  the  vibra- 
tions communicated  ft'om  without  to  the  membrana  tympani  are  in  part 
conveyed  across  the  cavity  to  the  sentient  part  of  the  internal  ear,  and 
by  which  also  pressure  is  maintained  on  the  contents  of  the  internal  ear, 
varying  in  amount  according  to  the  tension  of  the  membrana  tympani. 
The  tympanum  contains  certain  minute  muscles  and  ligaments,  which 
belong  to  the  bones  referred  to,  as  well  as  nerves,  some  of  which  end 
within  the  cavity,  whilst  others  merely  pass  through  it  to  other  parts. 
A  roof  and  floor,  an  outer  and  inner  wall,  and  an  anterior  and  posterior 
bounda-ry  are  commonly  described. 

The  roof  of  the  tympanum  is  formed  by  a  thin  plate  of  bone,  which 
may  be  easily  broken  through  so  as  to  obtain  a  view  of  the  tympanic 
cavity  from  above  ;  it  is  situated  on  the  upper  surface  of  the  petrous 
portion  of  the  temporal  bone,  near  the  angle  of  union  with  the  squa- 
mous portion,  from  which  in  its  development  it  is  derived..  ^h.Q  floor 
is  narrow,  in  consequence  of  the  outer  and  inner  boundaries  being 
inclined  towards  each  other. 

The  outer  wall  is  formed,  to  a  small  extent,  by  bone,  but  mainly  by 
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a  thin  semitransparent  membrane — memlrana  tympani  (fig,  445,  l), 
which  closes  the  inner  end  of  the  external  auditory  meatus.  Imme- 
diately in  front  of  the  ring  of  bone  into  which  the  membrana  tympani 
is  inserted,  is  the  inner  extremity  of  the  fissure  of  Glaser,  which  gives 
passage  to  the  laxator  tympani  muscle,  and  attachment  to  the  processus 
gracilis  of  the  malleus.  Close  to  the  back  of  this  fissure  is  the  opening 
of  a  small  canal  (named  by  Cruveilhier  the  canal  of  Huguier),  through 
which  the  chorda  tympani  nerve  usually  escapes  from  the  cavity  of  the 
tympanum  and  the  skull. 


Fig.  445. 


Fig.  445.  —  Eight  Mbjibrana 
Tympani  as  seen  froji  the 
outee  and  innek  side  re- 
spectively. 

A,  the  outer  surface  ;  B,  the 
inner ;  in  the  latter  the  small 
bones  are  seen  adherent  to  the 
membrane  and  adjacent  parts 
of  the  temporal  bone  ;  in  A, 
the  shaded  part  indicates  the 
small  bones  as  partially  seen 
through  the  membrane  ;  1,  mem- 
brana tympani  ;  2,  malleus  ;  3, 
stapes  ;  4,  incus. 


The  membrana  tympani  is  an  ellipsoidal  disc,  the  longer  axis  of 
which  is  directed  from  behind  and  above,  forwards  and  downwards,  and 
is  about  4-|  lines  in  length  :  the  shorter  being  about  4  lines.  It  is 
inserted  into  the  groove  already  noticed  at  the  end  of  the  meatus  externus, 
and  so  obliquely  that  the  membrane  inclines  towards  the  anterior  and 
lower  part  of  the  canal  at  an  angle  of  about  55°.  The  handle  of  the 
malleus  (fig.  445,  2),  one  of  the  small  bones  of  the  tympanum,  descends 
between  the  middle  and  inner  layers  of  the  membrana  tympani  to  a  little 
below  the  centre,  where  it  is  firmly  fixed ;  and,  as  the  direction  of  this  pro- 
cess of  the  bone  is  somewhat  inwards,  the  outer  surface  of  the  membrane 
is  thereby  rendered  somewhat  conical  (see  %.  440),  being  depressed 
towards  the  centre. 

Although  very  thin,  the  membrana  tympani  is  composed  of  three 
distinct  structures.  A  prolongation  of  the  skin  of  the  external  meatus 
forms  the  outer  layer  ;  the  mucous  membrane  lining  the  cavity  of  the 
tympanum  furnishes  an  inner  layer ;  and  between  these  two  is  the 
proper  substance  of  the  membrane,  mainly  composed  of  fibrous  tissue. 
The  greater  number  of  the  fibres  radiate  from  near  the  centre  at  the 
attachment  of  the  handle  of  the  malleus  (fig.  445),  but  there  are 
also  circular  fibres  which  are  situated  within  or  more  interiorly  than 
the  radial,  and  close  to  the  circumference,  and  form  a  dense,  almost 
ligamentous  ring.  Owing  to  the  presence  of  the  circular  fibres,  the 
radial  fibres  are  not  straight,  but  are  slightly  bowed  outwards,  so 
that  between  the  most  depressed  part  and  the  attached  border  the 
membrane  is  slightly  convex  outwardly. 

This  is  particularly  well  marked  at  the  upper  and  anterior  part,  where 
the  fibres  stretch  across  the  mouth  of  a  small  notch  in  the  bony  ring  to 
which  the  membrane  is  attached  (notch  of  Eivinus).  The  notch  is  occu- 
pied by  a  lax  part  of  the  membrane  (memirana  fiaccida,  Shrapnell), 
consisting  of  loose  connective  tissue,  with  vessels  and  nerves  covered 
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by  skin  and  mucous  membrane.     It  is  here  that  apertures  are  liable  to 
become  formed  in  the  membrane  as  a  consequence  of  inflammation. 

The  membrane  is  supplied  with  blood-vessels,  but  they  are  chiefly  con- 
fined to  the  skin  and  mucous  membrane  covering  the  surfaces  ;  a  few  are, 
however,  found  in  the  proper  fibrous  membrane,  and  form  a  communication 
between  the  two  systems  above  named.  Those  of  the  skin  are  mostly  sup- 
plied by  a  small  artery  which  passes  from  above  parallel  to  and  along-  the  handle 
of  the  malleus.  The  nerves  for  the  most  part  accompany  the  blood-vessels, 
supplying  them  and  then  passing  to  form  a  subepithelial  plexus  both  in  the  cutis 
and  in  the  mucosa.  Lymphatic  vessels  are,  according^  to  Kessel,  tolerably 
abundant  in  all  three  layers. 

The  inner  wall  of  the  tympanum,  which  separates  it  from  the  internal 
ear,  is  very  uneven,  presenting  several  elevations  and  foramina.  Near 
its  upper  part  is  an  ovoid,  or  nearly  kidney-shaped  o^^emng— fenestra 
ovalis  (fig.  446,  2),  which  leads  into  the  cavity  of  the  vestibule.  This 
opening,  the  long  diameter  of  which  is  from  before  backwards,  with  a 
slight  inclination  downwards  in  front,  is  occupied  in  the  recent  state 
by  the  base  of  the  stapes,  and  the  annular  ligament  connected  with 
that  plate  of  bone.  Above  the  fenestra  ovalis,  and  between  it  and 
the  roof  of  the  tympanum,  a  ridge  indicates  the  position  of  the  aque- 
duct of  Fallopius,  as  it  passes  backwards,  containing  the  portio  dura 
of  the  seventh  nerve.  Below  is  a  larger  and  more  rounded  elevation, 
caused  by  the  projection  outwards  of  the  first  turn  of  the  cochlea,  and 
named  the  promontory,  or  tuber  cochleas  (fig.  446,  4)  ;  it  is  marked  by 
grooves,  in  which  lie  the  nerves  of  the  tympanic  plexus. 

Fiff.  446. 


Yig.  446. — Inner  Wail  of  the  Osseous  Tympanum  as  exposed  by  a  Longitudinal 
Section  of  the  Petkous  and  Mastoid  Bone  (from  Gordon). 

1,  opening  of  the  tympanum  into  the  mastoid  cells ;  2,  fenestra  ovalis  ;  3,  fenestra 
rotunda  ;  4,  promontoi-y  ;  5,  aqueduct  of  Fallopius,  or  canal  of  the  facial  nerve ;  6, 
junction  of  the  canal  for  the  chorda  tympani  with  the  aqueduct  ;  7,  processus  cochleari- 
formis ;  8,  groove  above  it  for  the  tensor  tympani  muscle ;  9,  Eustachian  tube ;  10, 
anterior  orifice  of  the  carotid  canal. 

Below  and  behind  the  promontory,  and  somewhat  hidden  by  it,  is  a 
slightly  oval  aperture  named  fenestra  rotunda,  which  lies  within  a 
funnel-shaped  depression  (fig.  446,  3).  In  the  macerated  and  dried 
bone  the  fenestra  rotunda  opens  into  the  scala  tympani  of  the  cochlea  ; 
but,  in  the  recent  state,  it  is  closed  by  a  thin  membrane. 
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The  membrane  closing  the  fenestra  rotunda — the  secondary  memlrane 
of  the  tijmiKtmun  (Scarpa) — is  rather  concave  towards  the  tympanic 
cavity,  and  is  composed  of  three  strata  like  the  membrana  tympani ; 
the  middle  layer  being  fibrous,  and  the  outer  and  inner  derived  from 
the  membranes  lining  the  cavities  between  which  it  is  interposed,  viz., 
the  tympanum  and  the  cochlea. 

The  posterior  wall  of  the  tympanum  presents  at  its  upper  part  one 
larger  (fig.  446,  1),  and  several  smaller  openings,  which  lead  into  irre- 
gular cavities,  the  mastoid  cells,  in  the  substance  of  the  mastoid  process 
of  the  temporal  bone.  These  cells  communicate,  for  the  most  part, 
freely  with  one  another,  and  are  lined  by  a  thin  mucous  membrane 
continuous  with  that  of  the  tympanum.  Behind  the  fenestra  ovalis, 
and  directed  upwards,  is  a  small  conical  eminence,  called  the  jjyramid, 
or  emimntia  papillaris  (fig.  447,  12).  Its  apex  is  pierced  by  a  foramen, 
through  which  the  tendon  of  the  stapedius  muscle  emerges  from  a  canal 
which  turns  downwards  in  the  posterior  wall  of  the  tympanum,  and 
joins  obliquely  the  descending  part  of  the  aqueduct  of  Fallopius. 

The  anterior  extremity  of  the  tympanum  is  narrowed  by  the  gradual 
descent  of  the  roof,  and  is  continued  into  the  Eustachian  orifice 
(fig.  447).  Of  the  two  compartments  of  this  orifice,  the  lower,  lined 
with  mucous  membrane,  forms  the  commencement  of  the  Eustachian 
tube  ;  the  upper,  about  half  an  inch  long,  lodges  the  tensor  tympani 
muscle,  and  opens  into  the  tympanum  immediately  in  front  of  the 
fenestra  ovalis,  surrounded  by  the  expanded  and  everted  end  of  the 
cochleariform  process  (fig.  446,  7),  which  separates  it  from  the  lower 
compartment. 

Fig.  447. 


Fig.  447. — Antero-posterior  Section  of  the  Temporal  Bone,  showing  the  Inner 
Wall  op  the  Tympanum,  with  the  Eustachian  Tube  and  Small  Bones  in  the 
Recent  State  (from  Arnold). 

1,  styloid  process  ;  2,  mastoid  process  ;  3,  the  upper  part  of  the  petrous  bone  ;  4, 
pharyngeal  end  of  the  Eustachian  tube  ;  5,  its  cartilage  ;  6,  its  mucous  surface  ;  7,  carotid 
canal  ;  8,  fenestra  rotunda  ;  9,  malleus  ;  10,  incus  ;  11,  stapes  ;  12,  pyi-amid  and 
stapedius  muscle  ;  above  9,  and  behind  10,  the  suspensory  ligament  of  the  malleus  and 
the  posterior  ligament  of  the  incus  are  also  seen. 

The  Eustachian  tube  is  a  canal,  formed  partly  of  bone,  partly  of  car- 
tilage and  membrane,  which  leads  from  the  cavity  of  the  tympanum  to 
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the  tipper  part  of  the  pharynx.  From  the  tympanum  it  is  directed 
forwards  and  inwards,  with  a  slight  indination  downwards  ;  its  entire 
length  is  about  an  inch  and  a  half.  The  osseous  division  of  the 
Eustachian  tube,  already  described  in  the  Osteology,  is  placed  at  the 
angle  of  junction  of  the  petrous  portion  of  the  temporal  bone  with  the 
squamous  portion.  The  anterior  part  of  the  tube  is  formed  of  a  tri- 
angular piece  of  cartilage,  the  edges  of  which  are  slightly  curled  round 
towards  each  other,  leaving  an  interval  at  the  under  side,  in  which  the 
canal  is  completed  by  dense  but  pliable  fibrous  membrane.  The  tube  is 
trumpet-shaped,  being  narrow  behind,  and  gradually  expanding  until 
it  becomes  wide  in  front  ;  the  anterior  part  is  compressed  from  side  to 
side,  and  is  fixed  to  the  inner  pterygoid  process  of  the  sphenoid  bone. 
The  anterior  opening  is  oval  in  form,  and  is  placed  obliquely  at  the  side 
and  upper  part  of  the  pharynx,  into  which  its  prominent  margin 
projects  behind  the  lower  meatus  of  the  nose,  and  above  the  level  of 
the  hard  palate.  Through  this  aperture  the  mucous  membrane  of  the 
pharynx  is  continuous  with  that  which  lines  the  tympanum,  and  under 
certain  conditions  air  passes  into  and  out  of  that  cavity. 

SMALL    BONES     OF     THE    EAR. 

Three  small  bones  (ossicuJa  aiiclitus)  are  contained  in  the  upper  part  of 
the  tympanum :  of  these,  the  outermost  {malleus)  is  attached  to  the  mem- 
brana   tympani  ;  the  innermost 

(stapes)  is  fixed  in  the  fenestra  Fig-  448.  ^ 

ovalis ;  and  the  third  {incus)- 
placed  between  the  other  two, 
is  connected  to  both  by  articu- 
lar surfaces.  The  malleus  and 
incus  are  in  direction  nearly 
vertical,  the  stapes  horizontal. 
They  form  together  an  angular 
and  Jointed  connecting  rod  be- 
tween the  membrana  tympani 
and  the  membrane  which  closes 
the  fenestra  ovalis. 

The  malleus  or  hammer  bone 
(fig.  448,  a),  consists  of  a  central 
thicker  portion,  with  processes 
of  different  lengths.  At  the 
upper  end  of  the  bone  is  a 
rounded  head  (capitulum)  (fig. 
448,  A,  1),  which  presents  in- 
ternally and  posteriorly  an  ir- 
regularly oval  surface  covered 
with  cartilage,  for  articulation 
with  the  incus.  Below  the  head 
is  a  constricted  nech  (cervix)  ; 
and  beneath  this  another  slight 
enlargement  of  the  bone,  to 
which  VnQ  processes  are  at- 
tached. The  handle  (manubrium) 
of  the  malleus  (fig.  448,  A,  2)  is 
a  tapering  and  slightly  twisted  process,  compressed  from  before  back- 


Fig.  448. — Bones  of  the  Tympanum  of 
THE  Right  Side  (from  Arnold).  Twice 
THE  Natural  Size. 

A,  malleus ;  1,  its  head  ;  2,  the  handle ; 
3,  long  or  slender  process  ;  4,  short  process. 
B,  incus  ;  1,  its  body;  2,  the  long  i^rocess  with 
the  orbicular  process  ;  3,  short  or  posterior 
process  ;  4,  articular  surface  receiving  the 
head  of  the  malleus.  C,  stapes  ;  1,  head  ; 
2,  posterior  crns  ;  S,  anterior  crus  ;  4,  base. 
C*,  base  of  the  stapes.  D,  the  three  bones  in 
their  natural  connection  as  seen  from  the  out- 
side ;  a,  malleus  ;  b,  incus  ;  c,  stapes. 
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wards  to  near  its  point,  where  it  is  flattened  laterally  :  it  descends,  with 
a  slight  inclination  forwards  and  inwards,  between  the  middle  and  inner 
layers  of  the  membrana  tympani,  to  the  former  of  which  it  is  closely 
attached  both  by  means  of  its  periosteal  covering  and  also  by  a  dense 
fibro-cartilaginous  tissue  extending  its  whole  length,  except  near  the  root 
of  the  process,  where  it  is  less  firmly  united  to  the  membrane.  The 
long  ijrocess  (processus  gracilis)  (fig.  448,  A,  3)  is  a  very  slender  spiculum 
of  bone,  which  in  the  adult  is  usually  converted,  except  a  small  stump, 
into  ligamentous  tissue.  Even  where  it  still  exists  it  is  commonly 
broken  off  in  its  removal  from  the  tympanum,  in  consequence  of  its 
union  with  the  temporal  bone  ;  it  projects  at  nearly  a  right  angle 
from  the  front  of  the  neck  of  the  malleus,  and  extends  thence  obliquely 
downwards  and  forwards  tc^  the  Glaserian  fissure.  Its  end  is  flattened 
and  expanded,  and  is  connected  by  ligamentous  fibres  and  by  bone  to 
the  sides  of  the  fissure.  The  sliort  process  (processus  brevis  vel  obtusus) 
(fig.  448,  A,  4)  is  a  low  conical  eminence  situate  at  the  root  of  the 
manubrium,  beneath  the  cervix,  and  projecting  outwards  towards  the 
upper  part  of  the  membrana  tympani. 

The  incus  (fig.  448,  b),  has  been  compared  to  an  anvil  in  form  ;  but 
it  resembles  perhaps  more  nearly  a  tooth  with  two  fangs  widely  sepa- 
rated. It  consists  of  a  body  and  two  processes.  The  'body  presents  iu 
front  a  concavo-convex  articular  surface  (4),  which  is  directed  upwards 
and  forwards,  and  receives  the  head  of  the  malleus.  The  surfaces  of 
the  joint  thus  formed  are  covered  with  articular  cartilage  and  enclosed 
by  a  synovial  membrane.  The  shorter  of  the  tvfo  processes  (crus  breve) 
(3),  of  the  incus  projects  nearly  horizontally  backwards  from  the  upper 
part  of  the  body  of  the  bone,  and  is  connected  by  ligamentous  fibres 
with  the  posterior  wall  of  the  tympanum  near  the  entrance  of  the 
mastoid  cells.  The  long  process  (crus  longum)  (2)  tapers  rather  more 
gradually,  and  descends  nearly  vertically  behind  the  handle  of  the 
malleus  :  at  its  extremity  it  is  bent  inwards,  and  is  suddenly  narrowed 
into  a  short  neck  ;  and  upon  this  is  set  a  flattened  rounded  tubercle 
(processus  lenticularis),  tippsd  with  cartilage.  This  tubercle,  which 
articulates  with  the  head  of  the  stapes,  was  formerly,  under  the  name 
of  OS  orMculare  sen  lenticulare,  described  as  a  separate  bone,  which 
indeed  it  originally  is  in  childhood. 

The  stapss  (fig.  448,  C),  the  third  and  innermost  bone  of  the  ear,  is 
in  shape  remarkably  like  a  stirrup,  and  is  composed  of  a  head,  a  base, 
and  two  crura.  The  head  is  directed  outwards,  and  has  on  its  end  a 
slight  depression,  covered  with  cartilage,  which  articulates  with  the  len- 
ticular process  of  the  incus.  The  lase  is  a  plate  of  bone  placed  in  the 
fenestra  ovalis.  Its  form  is  irregularly  oval,  the  upper  margin 
being  curved,  while  the  lower  is  nearly  straight  (fig.  448,  C*).  Its 
border  is  encircled  by  hyaline  cartilage,  which  also  covers  its  vesti- 
bular surface.  The  margin  of  the  fenestra  ovalis  has  also  a  cover- 
ing of  the  same  tissue,  and  the  opposed  cartilaginous  surfaces  are 
closely  connected,  and  their  movement  of  the  stapes  is  limited  by  a 
network  of  elastic  fibres  passing  between,  and,  near  the  tympanic  and 
vestibular  cavities,  forming  especially  a  dense  ligamentous  band 
(Riidinger).  The  crura  of  the  stapes  diverge  from  a  constricted  part 
{neclc)  of  the  bone,  situated  close  to  the  head,  and  are  attached  to  the 
outer  surface  of  the  base  near  its  extremities.  The  anterior  crus  is 
the  shorter  and  straighter  of  the  two.    The  crura,  with  the  base  of  the 
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stapes,  enclose  a  small  triangular  or  arched  space,  which  in  the  recent 
state  is  occupied  by  a  thin  membrane  stretched  across.  _  A  shallow 
groove  runs  round  the  opposed  surfaces  of  the  bone,  and  into  this  the 
membrane  is  received. 

LIGAMENTS    AND    MUSCLES    OP    THE     TYMPANUM. 

I^igaments.— In  the  articulations  of  the  small  bones  of  the  ear  with 
one  another  the  connection  is  strengthened  by  Hgamentous  fibres.* 

Their  attachment  to  the  walls  of  the  tympanum  is  effected  partly  by 
the  reflections  of  the  mucous  membrane  lining  that  cavity,  but  chiefly 
by  muscles  and  by  the  following  ligaments. 

The  anterior  ligament  of 
the  malleus  is  a  compara- 
tively strong  and  broad  band 
of,  for  the  most  part,  short 
fibres,  which  connects  the  an- 
terior wall  of  the  tympanum 
close  to  the  Glaserian  fissure 
with  the  base  of  the  processus 
gracilis  and  the  anterior  part 
of  the  body  of  the  malleus. 

The  suspensory  ligament  of 
the  malleus  consists  of  a  small 
bundle  of  fibres,  which  passes 
downwards  and  outwards 
from  the  roof  of  the  tympa- 
num to  the  head  of  the 
malleus,  and  serves  to  check 
its  movement  in  an  outward 
direction. 

The  posterior  ligament  of 
the  incus  extends  from  near 
the  point  of  the  short  crus 
directly  backwards  towards 
the  posterior  wall  of  the  tym- 
panum, where  it  is  attached 
near  to  the  entrance  to  the 
mastoid  cells. 


Fig.  449.- 


•ViEw  OP  THE  Cavity  of  the  Eight 
Tympanusi  prom  above. 


Arnold  describes  an  tipper  liga- 
ment which  attaclies  the  incus, 
near  its  articulation  v^ith  the 
malleus,  to  the  roof  of  the  tym- 
panum.. 

MusGles.  —  There  are 
three  well-determined  mus- 
cles of  the  tympanum.  Som- 
merring  describes  four,  and 
some  authors  a  larger  number  ;  but  the  descriptions  of  these  last  mus- 
cles are  not  confirmed  by  later  research.  Of  the  three  muscles  generally 
recognised,  two  are  attached  to  the  malleus,  and  one  to  the  stapes. 

■'  These  articulations  are  commonly  described  as  sjTiovial  joints,  but,  according  to 
Brunner  (Knapp  and  Moos'  Arcliiv,  1874),  tliey  are  more  of  the  nature  of  sjTnphyses, 
v/ith  fibrocartilage  between  the  contiguous  surfaces. 


The  cavity  of  the  tympanum  and  a  part  of  the 
labjTinth  have  been  exposed  by  a  horizontal  section 
remo-vdng  the  iipper  part  of  the  temporal  bone.  1, 
posterior  semicircular  canal  opened  ;  2,  the  cavity 
of  the  cochlea  opened  ;  3,  osseous  part  of  the 
Eustachian  tube ;  4,  head  of  the  malleus  ;  5, 
incus  ;  6,  stapes,  T^'ith  its  base  set  in  the  fenestra 
ovalis  ;  7,  tensor  tympani  muscle  ;  8,  stapedius. 
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The  tensor  tympcmi  (museulus  interims  mallei)  (fig-.  449,  7),  is  the 
larj^est  of  these  muscles.  It  consists  of  a  tapering  fleshy  part,  about 
half  an  inch  in  length,  and  a  slender  tendon.  The  muscular  fibres  arise 
from  the  cartilaginous  end  of  the  Eustachian  tube  and  the  adjoining 
surface  of  the  sphenoid  bone,  and  from  the  sides  of  the  upper  compart- 
ment of  the  Eustachian  orifice.  In  this  canal  the  muscle  is  conducted 
nearly  horizontally  backwards  to  the  cavity  of  the  tympanum.  Imme- 
diately in  front  of  the  fenestra  ovalis  the  tendon  of  the  muscle  bends  at 
nearly  a  right  angle  over  the  end  of  the  processus  cochleariformis  as 
round  a  pulley,  and,  contained  in  a  fibrous  sheath,  passes  outwards, 
to  be  inserted  into  the  inner  part  of  the  handle  of  the  malleus,  close 
to  its  root. 

The  laxafor  tj/mpani  {laxator  tympani  major,  Sommerring)  is  generally 
believed  to  be  distinctly  muscular,  but  being  partly  concealed  by  a  band 
of  fibrous  tissue,  doubts  are  still  entertained  by  some  observers  as  to 
whether  the  structure  known  under  this  name  is  of  a  muscular  or 
ligamentous  nature.  Arising  from  the  spinous  process  of  the  sphenoid 
bone,  and  slightly  from  the  cartilaginous  part  of  the  Eustachian  tube, 
it  is  directed  backwards,  passes  through  the  Glaserian  fissure,  and  is 
inserted  into  the  neck  of  the  malleus,  just  above  the  root  of  the  pro- 
cessus gracilis. 

The  laxator  tympani  minor  of  Sommen-ing  {j^osterlor  ligament  of  t?ie  onallcvs, 
Lincke)  is  made  up  of  reddisli  fibres,  which  are  fixed  at  one  end  to  the  upper  and 
back  part  of  the  external  auditory  meatus,  pass  forwards  and  inwards  between 
the  middle  and  inner  layers  of  the  membrana  tympani,  and  are  inserted  into  the 
outer  border  of  the  handle  of  the  malleus,  and  the  short  process  near  it  (Som- 
merring, Icones  Organi  Auditus  Humani,  1801). 

The  stapedius  is  a  very  distinct  muscle,  but  is  hid  within  the  bone, 
being  lodged  in  the  descending  part  of  the  aqueductus  Fallopii  and  in 
the  hollow  of  the  pyramid.  The  tendon  issues  from  the  aperture  at 
the  apex  of  that  little  elevation,  and  passing  forwards,  surrounded  by  a 
fibrous  sheath,  is  inserted  into  the  neck  of  the  stapes  posteriorly,  close 
to  the  articulation^  of  that  bone  Avith  the  lenticular  process  of  the 
incus. 

A  very  slender  spine  of  bone  has  been  found  occasionally  in  the  tendon  of  the 
stapedius  in  man  :  and  a  similar  piece  of  bone,  though  of  a  rounder  shape,  exists 
constantly  in  the  horse,  the  ox,  and  other  animals.  This  circumstance  is  the 
more  interesting  in  connection  with  the  fact  that  cartilage  occupies  the  position 
of  the  stapedius  before  the  muscle  is  developed. 

Fig.  450. — Outline  op  the  Three  Shall  Bones  op 
THE  Left  Ear  as  seen  feosi  before.     Twice  the 

NATURAL   SIZE. 

This  figiire  is  designed  to  illustrate  the  effect  of  the 
action  of  the  tensor  and  laxator  muscles  of  the  tym- 
panic membrane  in  connection  with  their  relation  to 
the  axis  of  rotation  of  the  malleus.  «,  a',  the  malleus, 
h,  the  incus  seen  behind  it ;  c,  the  stapes  ;  in,  m',  the 
inner  part  of  the  meatus  externus  closed  by  the  tym- 
panic membrane  ;  g,  processus  gracilis  ;  the  line  t,  in- 
dicates the  direction  and  position  of  the  tendon  of  the 
tensor  tympani  pulling  the  lower  part  of  the  malleus 

inwards,  the  line  I,  that  of  the  laxator  tympani  pulling  inwards  the  upper  half  of  the 

malleus  so  as  to  force  the  handle  outwards. 

Actions. — The  malleus  and  incus  move  together  round  an  axis  extending  back- 
wards from  the  attachment  of  the  processus  gracilis  of  the  malleus  in  the  Glase- 
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Tian  fissure  to  the  attachment  of  the  short  process  of  the  incus  posteriorly.  The 
tendon  of  the  tensor  tpnpani  muscle  jDassing  from  within  to  be  insei-ted  below  that 
line,  pulls  the  handle  of  the  malleus  iiiwards  (fig.  450.  O?  while  the  laxator  tympani 
inserted  above  that  line,  by  pulling  the  head  of  the  bone  inwards  {I),  moves  the 
handle  outwards.  The  incus,  moving  along  -with  the  malleus,  pushes  the  ;:tapes 
inwards  towards  the  internal  ear  when  the  membrana  tympani  is  made  tight,  and 
di'aws  that  bone  in  an  opposite  direction,  when  the  membrana  tympani  is  relaxed. 
In  this  movement  the  head  of  the  stapes  is  slightly  raised  as  well  as  pressed  in- 
wards, and  the  upper  margin  of  its  base  moves  more  than  the  lower.  But  the  cavity 
of  the  inner  ear  is  full  of  liquid  ;  and  its  walls  are  unyielding,  except  at  the  fenestra 
rotunda  ;  when,  therefore,  the  stapes  is  pushed  inwards  the  secondary  membrane 
of  the  tympanum,  which  blocks  up  the  fenestra  rotunda,  must  be  made  tense  by 
pressui'e  from  within.  The  attachment  of  the  handle  of  the  malleus,  however, 
to  the  membrana  tjanpani  allows  greater  freedom  of  movement  to  that  process 
than  is  allowed  to  the  stapes  by  the  ligaments  of  its  base,  and  when  the  move- 
ment of  the  stapes  ceases,  the  malleus  rotates  on  the  head  of  the  incus  without 
di-agging  the  stapes  fui-ther  fi-om  the  fenestra  ovalis ;  and  hence,  prol^ably,  the 
necessity  of  a  moveable  articulation  between  those  bones.  The  action  of  the 
stapedius  muscle  is  obviously  to  draw  the  head  of  the  stapes  backwards,  in  doing 
which  the  hinder  end  of  the  base  of  that  bone  will  be  pressed  against  the 
margin  of  the  fenestra  ovalis,  while  the  fore  pai-t  vnB.  be  withdrawn  from  the 
fenestra.* 

THE    LININa    MEMBEANE    OF    THE    TYMPANUM. 

The  mucous  membrane  of  the  tympanum  is  continuous  with  that  of 
the  pharynx  through  the  Eustachian  tube,  and  is  further  prolonged 
from  the  tympanum  backwards  into  the  mastoid  cells.  Two  folds 
which  cross  the  breadth  of  the  cavity  descend  from  the  part  of  the 
membrane  which  lines  the  roof.  The  anterior  fold  turns  round  the 
tendon  of  the  tensor  tympani  muscle  ;  the  posterior  fold  passes  romid 
the  stapes.  The  malleus  and  incus  are  invested  by  the  lining  of  the 
outer  wall  of  the  cavity.  The  mucous  membrane  which  lines  the 
cartilaginous  part  of  the  Eustachian  tube  resembles  much  the  mem- 
brane of  the  pharynx,  with  which  it  is  immediately  continuous  ;  it  is 
thick  and  vascular,  is  covered  by  laminated  epithelium  surmounted  by 
vibratile  cilia,  and  is  provided  with  many  simple  mucous  glands 
which  pour  out  a  thick  secretion  :  in  the  osseous  part  of  the  tube,, 
however,  this  membrane  becomes  gradually  thinner.  In  the  tym- 
panum and  the  mastoid  cells  the  mucous  membrane  is  paler,  thinner, 
and  less  vascular,  and  secretes  a  less  viscid,  somewhat  yellow  fluid. 
Between  it  and  the  periosteum  is  a  more  or  less  developed  network  of 
fibrous  bundles,  which  are  here  and  there  raised  above  the  general 
surface,  causing  corresponding  projections  of  the  mucous  membrane. 
Moreover,  in  various  places  on  the  interlacing  bundles,  peculiar 
swellings  occur  of  varieus  sizes,  which  appear  to  be  caused  by 
the  super-addition  of  concentrically  arranged  fibres  upon  the  smaller 
bundles,  and  produce  an  appearance  similar  to  that  of  miniature 
Pacinian  corpuscles  (Politzer,  Kessel).  The  epithelium  in  the  tympanic 
cavity  is  for  the  most  part  columnar  and  ciliated,  but  the  roof,  the  pro- 
montory, the  ossicula,  and  the  membrana,  are  covered  with  a  simple 
layer  of  flattened,  non-ciliated  cells  (v.  Troeltsch). 

*  For  furtlier  information  with  regard  to  the  anatomical  relations  of  the  bones  and 
membranes,  and  the  mode  in  which  they  act,  see  Helmholtz,  Die  Mechanik  der  Gehor- 
knoclielchen  und  des  Trommelfells,  Pfliiger's  Archiv,  vol.  i.  ;  also  Enghsh  Translation, 
American  edition. 
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VESSELS    AND     NERVES     OF     THE     TYMPANUM. 

The  arteries  of  the  tympanum,  though  very  small,  are  numerous,  and 
are  derived  from  branches  of  the  external,  and  from  the  internal  carotid. 

The  fore  part  of  the  cavity  is  supplied  chiefly  by  the  tiimpanic  hrancli  of  the  in- 
ternal maxillary,  which  enters  by  the  fissure  of  Glaser.  The  back  part  of  the  cavity 
including  the  mastoid  cells,  receives  its  arteries  from  the  stylo-mastoid  Iranch  of 
the  posterior  auricular  axtery,  which  is  conducted  to  the  tymi:tanum  by  the 
aqueduct  of  Fallopius.  These  two  arteries  form  by  their  anastomosis  a  vascular 
cii-cle  rornid  the  margin  of  the  membrana  tympani.  The  smaller  arteries  of  the 
tympanum  are,  the  petrosal  hranch  of  the  middle  meningeal,  which  enters 
through  the  hiatus  Fallojni ;  branches  through  the  bone  from,  the  intamal 
carotid  artery,  furnished  from  that  vessel  whilst  in  the  carotid  canal ;  and 
occasionally  a  twig  along  the  Eustachian  tube  from  the  ascending  pharyngeal 
artery. 

The  veins  of  the  tympanum  empty  their  contents  through  the  middle  menin- 
geal and  pharyngeal  veins,  and  through  a  plexus  near  the  articulation  of  the 
lower  jaw,  into  the  internal  jugular  vein. 

Herves. — The  tympanum  contains  numerous  nerves ;  for,  besides 
those  which  supply  the  parts  of  the  middle  ear  itself,  there  are  several 
which  serve  merely  to  connect  nerves  of  different  origin. 

The  lining  membrane  of  the  tympanum  is  supplied  by  filaments  from 
the  tympanic  plexus,  which  occupies  the  shallow  grooves  on  the  inner 
wall  of  the  cavity,  particularly  on  the  surface  of  the  promontory. 

The  tympanic  plexus  (fig.  451)  is  formed  by  the  communications 
between,  1st,  the  tympanic  branch  (nerve  of  Jacobson)  from  the  petrous 
ganglio\i  of  the  glosso-pharyngeal  ;  2nd,  a  filament  from  the  carotid 
plexus  of  the  sympathetic  ;  3rd,  a  branch  which  joins  the  great  super- 
ficial petrosal  nerve  ;  4th  and  lastly,  the  small  superficial  petrosal  nerve, 
from  the  otic  ganglion. 

Numerous  ganglion  cells  are  present  both  in  the  uniting  cords  and 
also  at  the  points  of  junction  of  the  plexus. 


Fig.  451,  Fig.  451. — View  of  THE]||'r]ttPANTO  Plexus 

OF   Nerves    (after  Hirschfeld   and   Le- 

Yeille). 

6,  spheno-palatine  ganglion  ;  7-  Vidian 
nerve  ;  8,  great  superficial  petrosal  nerve  ; 
9,  carotid  branch  of  the  Vidian  nerve  ;  10, 
part  of  the  sixth  nerve  connected  by  twigs 
with  the  sympathetic  ;  11,  superior  cervical 
ganglion  of  the  sympathetic  ;  12,  carotid 
branch  ;  13,  facial  nerve  ;  14,  glosso- 
pharyngeal nerve  ;  15,  nerve  of  Jacobson  ; 
16,  its  twig  to  the  sympathetic  ;  17,  fda- 
ment  to  the  fenestra  rotunda  ;  IS,  filament 
to  the  Eustachian  tube  ;  19,  filament  to 
the  fenestra  ovalis  ;  20,  union  of  external 
deep  petrosal  nerve  with  the  lesser  super- 
ficial petrosal ;  21,  internal  deep  petrosal  twig  uniting  with  the  gi-eat  superficial  petrosal. 

The  nerve  of  Jacobson  (fig.  451, 15)  enters  the  tympanum  by  a  small  foramen 
near  its  floor,  which  f onus  the  upper  end  of  a  short  canal  in  the  petrous  portion 
of  the  temporal  bone,  beginning  at  the  base  of  the  skull  between  the  carotid 
foramen  and  the  jugular  fossa.  The  nerve  from  the  carotid  plexus  is  above 
and  in  front  of  this,  and  passes  through  the  bone  directly  from  the  carotid  canal. 
The  branch  to  the  great  superficial  petrosal  nerve  (fig.  451.  21)  is  lodged  m  a 
canal  which  opens  on  the  inner  wall  of  the  tympanum  in  front  of  the  fenestra 
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ovalis.    Tlie  small  superficial  petrosal  nerve  (fig.  451,  20)  also  enters  at  the  fore 
part  of  the  cavity  beneath  the  canal  for  the  tensor  tympani. 

The  tensor  tympani  muscle  obtains  its  nerve  from  the  otic  ganglion  ; 
the  laxator  tympani  is  said  to  be  supplied  by  the  chorda  tympani :  and 
the  stapedius  is  figured  by  Sommerring  as  receiving  a  filament  from  the 
facial  nerve. 

The  chorda  tymjMni  is  invested  by  a  tubular  reflection  of  the  lining 
membrane  of  the  tympanum  ;  its  course  across  the  cavity  has  already 
been  described. 

THE   IKTERETAL   EAR,    OR   LABYRITTTH. 

The  inner,  essential  part  of  the  organ  of  hearing,  is  contained  in  the 
petrous  portion  of  the  temporal  bone.  It  consists  of  a  complex  cavity — 
the  osseous  labyrinth — hollowed  out  of  the  bone,  and  containing  the 
membranous  labyrinth. 

The  osseous  labyrinth  is  incompletely  divided  into  three  parts,  named 
the  vestibule  (fig.  452,  l),  the  semicircular  canals  (3,  4,  5),  and  the 
cochlea  (6,  7).  They  are  lined  throughout  by  a  thin  periosteal  cover- 
ing, within  which  there  is  a  clear  fluid  named  perilymph,  or  liquor 
Cotunnii. 

The  mernbranous  laly^'inih  being  distinctly  smaller  than  the  bony 
labyrinth,  a  space  is  left  between  the  two,  occupied  by  the  perilymph 
just  referred  to.  The  membranous  structure  supports  minute  ramifica- 
tions of  the  aiuditory  nerve,  and  encloses  a  fluid  named  the  endolymph. 

THE    OSSEOUS  LABYRINTH. 

The  vestibule  forms  a  central  chamber  of  the  labyrinth,  which 
communicates  in  front  with  the  cochlea,  behind  with  the  semicircular 
canals,  on  the  outer  side  with  the  cavity  of  the  tympanum,  and  on  the 
inner  side  with  the  meatus  auditorius  internus.  It  is  irregularly 
ovoidal  in  shape  from  before  backwards,  and  is  slightly  flattened  or 
compressed  from  without  inwards  :  except  in  the  last-mentioned  direc- 
tion, in  which  it  is  somewhat  smaller,  it  measures  about  \t\\  of  an  inch 
in  diameter. 

The  outer  wall,  which  separates  it  from  the  cavity  of  the  tympanum, 
is  perforated  by  the  fenestra  ovalis,  which  in  the  recent  state  is  closed 
by  the  base  of  the  stapes. 

At  the  fore  part  of  the  inner  wall  is  a  small  round  pit,  i\\Q  fovea 
hemisplierica  (fig.  453,  2),  pierced  with  many  small  holes,  which  serve  to 
transmit  branches  of  the  auditory  nerve  from  the  internal  auditory 
meatus.  This  fossa  is  limited  behind  by  a  vertical  ridge  named  crista 
vestibuU,  or  eminentia  pyramidalis.  Behind  the  crest  is  the  small 
•oblique  opening  of  a  canal,  the  aqueduct  of  the  vestibide  (fig.  453,  4), 
which  extends  to  the  posterior  surface  of  the  petrous  bone. 

In  the  roof  is  an  oval  depression,  placed  somewhat  transversely,/oyM 
hemi-ellijMca  (fig.  453,  1),  the  inner  part  of  which  is  separated  by  the 
crest  from  the  hemispherical  fossa. 

At  the  back  part  of  the  vestibule  are  five  round  apertures,  leading 
into  the  semicircular  canals  :  and  at  the  lower  and  fore  part  of  the  cavity 
is  a  larger  opening,  which  communicates  with  the  scala  vestibuli  of  the 
cochlea — cqoertura  scalar  vestibuli. 

The  semicircular  canals  are  three  bony  tubes,  situate  above  and 
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behind  the  vestibule,  into  which  they  open  by  five  apertures,  the  con- 
tiguous ends  of  two  of  the  canals  being  joined.  They  are  unequal  in 
length,  but  each  tube  is  bent  so  as  to  form  about  two-thirds  of  a  circle ; 


Fig.  452. 


Fifi.  453. 


Fig.  452. — Right  Bony  Labyrinth,  tikwed  from   the   Outer  Side    (after 

Sommerring).      ~ 

The  specimen  here  represented  is  prepared  by  separating  piecemeal  the  looser  sub- 
stance of  the  petrous  bone  from  the  dense  walls  ■which  immediately  enclose  the  laby- 
rinth. 1,  the  vestibule  ;  2,  fenestra  ovalis  ;  3,  superior  semicircular  canal ;  4,  horizontal 
or  external  canal ;  5,  posterior  canal  ;  *  *  *,  ampullae  of  the  semicircular  canals  ; 
6,  irrst  turn  of  the  cochlea ;  7,  second  turn  ;  8,  apex  ;  9,  fenestra  rotunda.  The 
smaller  figure  in  outline  below  shows  the  natural  size. 

Fig.  453. — View  op  the  Interior  of  the  Left  Labyrinth  (from  Sommerring).     -^ 

The  bony  wall  of  the  labyrinth  is  removed  superiorly  and  externally.  1,  fovea 
hemi-elliptica  ;  2,  fovea  hemispherica  ;  3,  common  opening  of  the  superior  and  posterior 
semicircular  canals  ;  4,  opening  of  the  aqueduct  of  the  vestibule  ;  5,  the  superior,  6,  the 
posterior,  and  7,  the  external  semicircular  canals  ;  8,  spiral  tube  of  the  cochlea  (scala 
tympani)  ;  9,  opening  of  the  aqueduct  of  the  cochlea  ;  10,  placed  on  the  lamina  spiralis 
in  the  scala  vestibuli. 

and  each  presents,  at  one  end,  a  slightly  dilated  part,  called  the  ampulla. 
The  canals  are  compressed  laterally,  and  measure  about  g-Vth  of  an  inch 
across  ;  but  in  the  ampulla  each  has  a  diameter  of  -^-Qth.  of  an  inch. 

The  canals  differ  from  one  another  in  direction,  in  length,  and  in 
position  with  regard  to  the  vestibule.  The  superior  semicircular  canal 
(fig.  452,  3,  fig.  453,  5)  is  vertical  and  transverse,  and  it  rises  higher  than 
any  other  part  of  the  labyrinth  ;  its  place  is  indicated  by  a  smooth 
arched  projection  on  the  upper  surface  of  the  petrous  bone.  The 
ampullary  end  of  this  canal  is  the  external  and  anterior,  and  opens 
by  a  distinct  orifice  into  the  upper  part  of  the  vestibule  ;  whilst  the 
opposite  extremity  joins  the  non-dilated  end  of  the  posterior  semicir- 
cular canal,  and  opens  by  a  common  aperture  with  it  into  the  back 
part  of  the  vestibule  (fig.  453,  3).  The  postei^ior  semicircular  canal 
(fig.  452,  5,  fig.  453,  6),  vertical  and  longitudinal  in  direction,  is  the 
longest  of  the  three  tubes  :  its  ampullary  end  is  placed  at  the  lower 
and  back  part  of  the  vestibule  ;  and  the  opposite  end  terminates  in  the 
common  canal  above  described.  The  external  semicircular  canal  (fig. 
452,  4,  fig.  453,  7)  arches  liorizontaUy  outwards,  and  opens  by  two 
distinct  orifices  into  the  upper  and  back  part  of  the  vestibule.    The 
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oanal  is  shorter  than  either  of  the  other  two  :  its  ampulla  is  at  tlie 
outer  end,  above  the  fenestra  ovalis. 

Fiff.  454. 


Fig.  455. 


Fig.  454. — Views  of  a  Cast  op  the  Interior  of  the  Labyrinth  (from  Henle).     f 

Such  casts  may  easily  be  made  in  fusible  metal,  and  give  a  very  correct  view  of  the 
form  of  the  different  parts  of  the  labyrinthic  cavity.  A,  view  of  the  left  labyrinth  from 
the  outer  side  ;  B,  the  right  labyrinth  from  the  inner  side  ;  C,  the  left  labyrinth  from 
above  ;  s,  the  superior,  p,  the  posterior,  and  e,  the  external  semicircular  canals  ;  a,  their 
several  ampullse  ;  r  e,  fovea  hemi-elliptica  of  tlie  vestibule  ;  r  s,  fovea  hemispherica  ;  a  v, 
aqueduct  of  the  vestibule  ;  /  o,  fenestra  ovalis  ;  /  ?•,  fenestra  rotunda  ;  c,  the  coiled 
tube  of  the  cochlea  ;  c',  the  first  part  of  tube  towards  the  base  with  the  tractus  forami- 
nosus  spiralis. 

The  cochlea  (fig.  452,  6)  is  the  most  anterior  division  of  the  internal 
ear.  When  cleared  of  the  surrounding  less  dense  bony  substance  in  which 
it  lies  imbedded,  it  presents  the  form  of  a  blunt  cone,  the  base  of  which  is 
turned  towards  the  internal  auditory  meatus,  whilst  the  apex  is  directed 
outwards,  with  an  inclination  forwards  and  downwards,  and  is  close  to 
the  canal  for  the  tensor  tympani  muscle.  It 
measures  about  a  quarter  of  an  inch  in  length,  and 
the  same  in  breadth  at  the  base.  The  osseous 
cochlea  consists  of  a  gradually  tapering  spiral  tube, 
the  inner  wall  of  which  is  formed  by  a  central 
column,  or  modiolus  (fig.  456,  1),  around  which  it 
winds.  It  is  partially  divided  along  its  whole  extent 
by  a  spiral  lamina  (2),  projecting  into  it  from  the  mo- 
diolus. From  this  osseous  spiral  lamina  membran- 
ous structures  are  in  the  recent  condition  stretched 
across  to  the  outer  wall  of  the  tube,  and  thus  com- 
pletely separate  two  passages  or  scake,  one  on  each 
side  of  the  spiral  lamina,  which  communicate  one 
Avith  the  other  only  by  a  small  opening,  named 
lielicotrema,  placed  at  the  apex  of  the  cochlea. 

That  the  cochlea  is  justly  to  be  considered  as  an 
elongated  tube,  coiled  spirally  on  the  modiolus,  is 
illustrated  by  the  simple  pouch-like  form  of  the 
rudimentary  cochlea  of  birds  (fig.  455)  as  well  as  by 
the  history  of  its  development. 

The  spiral  osseous  canal  is  about  an  inch  and 
a  half   long,    and   about   the   tenth  of    an  inch 
in  diameter   in    its    widest    part   (at   the   com- 
mencement).    From  this  point  the  canal  makes  two  turns  and  a  half 
around  the  central  pillar  (from  left  to  right  in  the  right  ear,    and  in  the 
opposite  direction  in  the  left  ear),  and  ends  by  an  arched  and  closed 
extremity  called  the  cupola,  which  forms  the  summit  of  the  cochlea. 

T  T  2 


Fig.  455.  —  Osseous' 
Labyrinth  op  the 
Barn  Owl  (Strix 
Flammea)  (from 
Breschet).     f 

1,  semicircular 
canals  ;  2,  vestibule  ; 
3,  cochlea  in  the  form 
of  a  short  straight 
tube. 
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The  first  coil,  being  much  the  widest  in  its  curve  and  composed  of  the 
JargeBt  portion  of  the  tube,  nearly  hides  the  second  turn  from  view  ; 
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Fig.  456.  — D1AG11A.M.MATIC  View  0?  the  Osseous  Cochlea  laid  open. 

1,  modiolus  or  central  pillar  ;  2,  placed  on  three  turns  of  the  lamina  spiralis  ;  3,  scala 
tympani  ;  4,  scala  vestibuli. 

Fig.  457. — View  of  the  Osseous  Cochlea  divided  through  the  Middle 
(from  Arnold),     f 

1,  central  canal  of  the  modiolus  ;  2,  lamina  spiralis  ossea  ;  3,  scala  tympani  ;  4,  scala 
vestibuli  ;  5,  poroiis  substance  of  the  modiolus  near  one  of  the  sections  of  the  canalis 
spiralis  modioli. 

and,  bulging  somewhat  into  the  tympanum,  forms  the  round  elevation 
on  the  inner  wall  of  that  cavity  called  the  promontory. 

The  7nodiolus  (columella  cochlea)  forms  the  central  pillar  or  axis 
around  which  the  tube  and  lamina  turn  spirally.  It  is  much  the 
thickest  within  the  first  turn  of  the  cochlea,  rapidly  diminishing  in 
size  in  the  succeeding  parts.  The  outer  surface  is  dense,  being,  in 
fact,  composed  of  the  walls  of  the  spiral  tube  ;  but  the  centre  is 
spongy  as  far  as  the  last  half  coil,  and  is  pierced  by  many  small 
canals,  for  the  passage  of  the  nerves  and  vessels  to  the  lamina  spiralis  : 
one  of  these  canals>  larger  than  the  rest  {canalis  centralis  modioli),  runs 
from  the  base  through  the  centre  of  the  modiolus. 

The  lamina  spiralis  ossea  is  a  thin,  flat  plate,  growing  from  and  wind- 
ing around  the  modiolus,  and  projecting  into  the  spiral  tube,  so  as  to 
divide  it  partly  into  two.  Its  free  margin,  wliich  gives  attachment  in 
the  recent  state  to  the  membranous  septum,  does  not  reach  farther  than 
about  half  of  the  distance  between  the  modiolus  and  the  outer  wall  of  the 
spiral  tube.  The  osseous  lamina  terminates  close  to  the  apex  of  the  cochlea 
in  a  hooklike  process  {hamulus),  which  partly  bounds  the  helicotrema. 

The  lamina  is  thin  and  dense  at  its  free  margin  ;  but  nearer  the 
modiolus  it  is  composed  of  two  dense  outer  plates  enclosing  a  more 
open  and  spongy  structure,  in  which  are  numerous  small  canals  for 
vessels  and  nerves,  continuous  with,  but  running  at  right  angles  to,  the 
canals  in  the  modiolus.  Winding  around  the  modiolus,  close  to  the 
lamina  spiralis,  is  a  small  canal,  named  by  Rosenthal  the  canalis 
spiralis  moclioU. 

The  scaM  in  the  osseous  cochlea  are  two  in  number,  distinguished  as 
the  scala  tympani  and  scala  vestibuli. 

The  scala  tympani,  the  portion  of  the  tube  on  the  basal  side  of  the 
lamina  spiralis,  commences  at  the  fenestra  rotunda,  where  in  the  recent 
state  it  is  separated  from  the  tympanum  by  the  secondary  membrane  of 
the  tympanum.  Near  its  commencement  is  the  orifice  of  a  small  canal 
{aquecluctus  coclilece,  fig.  453,  9),  which  extends  downwards  and  inwards 
tiirough  the  substance  of  the  petrous  part  of  the  temporal  bone  to  near 
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the  jugular  fossa,  and  transmits  a  small  vein.  The  scala  vesUhuli  is 
rather  narrower  than  the  scala  tympani  in  the  first  turn  of  the  cochlea  ; 
it  commences  from  the  cavity  of  the  restibule,  and  communicates,  as 
already  described,  with  the  scala  tympani  at  the  apex  of  the  modiolus. 

THE  MEMBRANOUS  LABYRINTH. 

As  before  stated,  within  the_  osseous  labyrinth,  and  separated  from 
its  lining  membrane  by  the  perilymph,  membranous  structures  exist  in 
which  the  ultimate  ramifica- 
tions of  the  auditory  nerve 
are  spread.  In  the  vestibule 
and  semicircular  canals  these 
structures  have  a  general  re- 
semblance in  form  to  the  com- 
plicated cavity  in  which  they 
are  contained.  They  do  not, 
however,  lie  loose  within  the 
osseous  cavity,  as  would  ap- 
pear from  fig.  458,  but  are 
more  or  less  united  with  its 
lining  periosteum  by  fibrous 
bands  conveying  blood-vessels, 
which  stretch  across  the  space 
between,  and  serve  thus  to  fix 
the  membranous  sacs  and  tubes. 
In  the  cochlea  the  membranous 
structures  complete  the  sep- 
tum between  the  scalse  already 
mentioned,  and  enclose  an 
intermediate  passage,  the 
canalis  memlranaceiis.  As 
before  stated,  the  liquid  con- 
tained within  the  membranous 
labyrinth  is  distinguished  as 
endolijmijh. 

Yestibule.  —  The  mem- 
tranous  vestibule,  consists  of 
two  closely  connected  sacs, 
and  the  parts  by  which  they 
are  united  to  the  membranous 
semicircular  canals  and  canal 
of  the  cochlea. 

The  larger  of  the  two  sacs, 
the  common  sinus  or  utricle 
(fig.  458,  i  i),  is  of  an  oblong 
form,  slightly  flattened  from 
without  inwards.    It  islods-ed 


Fig.  458. — The  Interior  op  the  Left  Laby- 
rinth WITH  ITS  Membranous  Parts  and 
Nerves  (from  Breschet).     Magnified. 

The  outer  wall  of  the  osseous  labyi-inth  is  in 
part  removed  so  as  to  display  the  membranous 
parts  within.  u,  scala  vestibuli  ;  t,  scala 
tympani  of  the  cochlea  :  s,  s,  lamina  spiralis  ; 
i,  i,  utriculus  or  common  sinus  with  its  group  of 
otoliths,  i: ;  I,  I,  saccule  with  its  otoliths  ;  a,  mem- 
branous ampulla  of  the  superior  semicircular 
canal,  d  ;  h,  ampulla  of  the  horizontal,  e,  and 
c,  that  of  the  posterior  semicircular  canal,  / ; 
n,  anterior  division  of  the  auditory  nerve  giv- 
ing branches,  q,  o,  p,  to  the  utricle  and  the  am- 
pullce  of  the  superior  and  external  canals  ;  g, 
the  united  part  of  the  superior  and  posterior 
canals  ;  h,  the  posterior  extremity  of  the 
external  canal ;  '""  *,  space  containing  perilymph. 


in  the  upner  and  back  part  of 
the  osseo"r"5  vestibule,  occupy- 
ing the  fovea  hemi-ellipticao  Opposite  the  crista  vestibuli  several  small 
branches  of  the  auditory  nerve  enter  from  the  foramina  in  the  bone  ; 
and  here  the  walls  of  the  common  sinus  are  thicker  and  more  opaque 
than  elsewhere.   A  small  mass  of  calcareous  particles,  otoliths  or  otoconia, 
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lies  within  the  sac,  attached  to  its  wall  (fig.  458,  h).  These  otoliths  are 
crystals  of  carbonate  of  lime,  rhombic,  octahedral,  or  six-sided,  often 
pointed  at  their  extremities. 

The  ends  of  all  the  membranous  semicircular  canals  open  into  the 
utricle. 

The  smaller  vestibular  vesicle,  the  saccTile  (Jl),  is  more  nearly 
spherical  than  the  common  sinus,  but,  hke  it,  is  somewhat  flattened. 
It  contains  similar  otoconia  in  its  wall  (fig.  458,  m).  The  saccule  is 
situated  in  the  lower  and  fore  part  of  the  cavity  of  the  osseous  vesti- 
bule, close  to  the  opening  from  the  scala  vestibuli  of  the  cochlea,  and 
is  received  into  the  hollow  of  the  fovea  hemispherica,  from  the  bottom 
of  which  many  branches  of  nerve  enter  it. 

A  minute  canal,  lined  witli  epithelium,  passes  from  the  utricle  along  the 
aqueductus  vestibuli  to  end  blindly  near  the  posterior  surface  of  the  petrous  bone. 
It  is  joined  near  its  origin  by  a  similar  one  from  the  saccule,  so  that  in  this  way 
the  cavity  of  the  saccule  is  brought  into  communication  with  that  of  the  utricle 
(Boettcher).  Lastly,  the  saccule  is  connected  with  the  membranous  canal  of  the 
cochlea  by  means  of  a  short,  narrow  canal,  the  canalis  reimiens  (Hensen). 

Semicircular  Canals. — The  membranous  semicircular  canals 
are  about  one-third  the  diameter  of  the  osseous  tubes  in  which  they  are 
lodged,  and  are  dilated  into  ampullEe  within  the  ampullary  enlargements 
of  those  tubes.     In  section  they  are  oval  or  somewhat  elliptical  (fig. 
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Fig.  459.  — Me jiBRANOPS  Labyrinth  and  Nervous  Twigs  detached,  magnified  (Breschet) 
h,  facial  nerve  in  the  meatus  auditorius  internus  ;  I,  anterior  division  of  the  auditory 
nerve  giving  branches,  o,  m,  n,  to  the  utricle  and  the  ampullss  of  the  superior  and 
external  canals  ;  q,  posterior  division  of  the  auditory  nerve,  giving  branches  to  the 
saccule,  h,  posterior  ampulla,  c,  and  cochlea,  r  ;  d,  the  united  part  of  the  superior  and 
posterior  canals. 

Fig.  460. — Ampullae  of  the  Superior  and  External  Semicircular  Canal5?  and 
Part  of  the  Common  Sinus,  showing  the  Attachment  of  the  Nerves  (from 
Steifensand).     '^f 

1,  membranous  ampulla  of  the  superior  canal  ;  2,  that  of  the  external  canal ;  3,  part 
of_  the  oommon  sinus  ;  4  and  5,  fork-like  swellings  of  the  nerves  at  their  ampullar  dis- 
tribution ;  6,  twig  of  the  auditory  nerve  spreading  in  the  common  sinus. 
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462).  At  the  ampullse  they  are  thicker  and  less  translucent  than  in  the 
rest  of  their  extent,  and  nearly  fill  their  bony  cases.  That  part  of  each 
•which  is  towards  the  concavity  of  the  semicircle  of  the  canal  is  free  ; 
wliilst  the  opposite  portion  is  fixed  to  the  wall  of  the  bony  canal  ;  and 
in  the  ampnlla  this  part  is  flattened,  receives  branches  of  nerves  and  blood- 
vessels, and  presents  on  its  inner  surface  a  transverse  projection,  sqikim 
transversvm  or  crista  acustica,  which  partly  divides  the  cavity  into  two. 
Auditory  nerve :  vestibular  division. — At  the  bottom  of  the 
meatus  auditorius  internus  the  auditory  nerve  divides  into  an  anterior 
and  a  posterior  branch,  which,  broken  up  into  miuute  filaments,  pass 
through  the  perforations  of  the  cribriform  plafce  which  separates  the 
meatus  from  the  internal  ear,  and  are  distributed  respectively  to  the 
cochlea  and  vestibule.  In  both  branches,  as  well  as  in  the  trunk,  there 
are  numerous  nerve-cells.  The  vestibular  nerve  (fig.  459)  divides  into 
five  branches,  which  proceed  respectively  to  the  utricle,  the  saccule,  and 
the  three  ampullte  of  the  semicircular  canals  ;  those  for  the  utricle  and 
the  superior  and  external  semicircular  canals  enter  the  cavity  in  a  group 
along  the  crista  vestibuli ;  the  fibrils  for  the  sacculus  {q)  enter  the  ves- 
tibule by  a  smaller  group  of  foramina,  which  are  situated  below  those 
just  described,  and  open  at  the  bottom  of  the  fovea  hemispherica  ;  the 
branch  for  the  posterior  semicircular  canal  is  long  and  slender,  and 
traverses  a  small  passage  in  the  bone  behind  the  foramina  for  the  nerve 

Ym.  461. 


Fig.  461. 


-Section  of  one  op  the  Human  SEMiciReuLAR  Canals  (Riidinger). 
Magnified. 


1,  Osseous  wall  ;  2,  fibrous  bands  with  included  blood-vessels,  united  at  3  witb  the 
periosteum  ;  4,  membranous  canal  with  its  three  layers  ;  5,  short  fibrous  bands  (witt 
intervening  spaces)  uniting  the  membranous  canal  firmly  to  the  periosteum  ;  6,  union  of 
its  outermost  layer  with  the  iDeriosteum. 
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of  tlie  sacculns.  The  nerves  of  the  ampullae  enter  the  flattened  or  least 
prominent  side  of  the  ampullae,  where  they  each  form  a  forked  swelling 
(4,  5,  fig.  460),  which  corresponds  with  the  transverse  septum  already- 
described,  in  the  interior  of  the  dilatation.  No  nerves  have  been 
found  extending  to  any  other  parts  of  the  semicircular  canals. 

Structure. — Three  layers  can  be  distinguished  in  the  membranous 
walls  of  the  semicircular  canals,  an  outer  fibrous  stratum,  an  inner 
epithelial  lining,  and  between  the  two  a  homogeneous  tunica  propria. 
These  layers  are  not  of  equal  thickness  throughout,  for  at  those  parts 
where  the  walls  are  in  contact  with  and  supported  by  the  bone  (fig. 
461,  6),  or  rather  its  periosteal  lining,  namely,  along  the  side  which  is 
turned  towards  the  convexity  of  the  semicircle,  they  are  thinner  than 
at  the  rest  of  the  circumference,  where  they  lie  free  and  are  bathed  by 
the  perilymph.  The  difference  in  thickness  affects  the  fibrous  layer 
and  the  tunica  propria  only,  for  the  epithelium  forms  throughout  a 
lining  of  simple  flattened  cells. 

Fig.  462. 


Pig.  462. — Section  op  Membranotts  Semicircular  Canai/,  much  Magnified  (Riidinger)- 

1,  outer  fibrous  layer  ;  2,  tunica  propria  ;  3,  6,  papillifonn  projections  with  epithelial 
covering  ;  5,  fixed  side  of  the  canal,  with  very  thin  tunica  propria  without  papillae ; 
7,  fibrous  bands  passing  to  periosteum. 

The/i.i7'ous  layer  (fig.  462,  l),  which  contains  some  irregular  pigment- 
cells,  is  apparently  composed  of  ordinary  fibrous  tissue,  similar  to  that 
of  the  periosteum,  with  which  it  becomes  continuous  at  the  parts 
where  the  two  structures  are  in  contact.  It  is  especially  developed  at 
the  ends  of  the  oval  section,  whence  well-marked  bands  of  fibrous 
tissue  pass  to  the  periosteum  (fig.  462,  7).  From  here,  also,  the  more 
delicate  bands  of  fibrous  tissue  above  described  commonly  arise,  which 
traverse  the  perilymph  to  become  connected  with  the  periosteum  of  the 
opposite  wall  of  the  canal  (fig.  461,  2).  Both  along  these  bands  and 
also  more  directly  from  the  contiguous  pei-iosteum,  numerous  small 
blood-vessels  pass  into  the  fibrous  layer  and  there  break  up  into  a 
coarse  capillary  network,  the  branches  of  which  do  not,  in  man,  pass 
into  the  tunica  propria. 
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Fig.  46c 


The  tunica  propria  \&  a  clear,  glassy,  membranous  structure  continuous 
around  the  whole  tube,  although  tliinning  off  very  much  opposite  the  part 
where  the  membranous  canal  is  in  contact  with  the  bone  (fig,  462,  5). 
Externally  it  is  not  very  distinctly  marked  off  from  the  fibrous  coat : 
internally  it  presents  not  a  smooth  sur&ce  but  a  number  of  papilliform 
eminences  (fig.  462,  3,  6),  which  project  into  the  interior  of  the  canal 
except  at  the  thinnest  part.  According  to 
Riidinger,  these  eminences  are  found  almost 
constantly  in  the  adult. 

The  epithelial  lining  is  continuous,  both 
over  and  between  the  papilliform  projec- 
tions. In  the  human  semicircular  canals 
the  cells  are  of  the  same  nature  and  form 
throughout,  but  in  many  of  the  lower 
animals — birds  and  fish— a  part  takes  on 
somewhat  of  a  columnar  character,  while 
in  one  species  of  fish,  (Salmo  hucho),  as 
described  by  Riidinger,  a  tract  of  cells 
along  the  whole  length  of  each  canal  be- 
comes remarkably  developed  into  two  rows 
of  heaped-up,  rounded  cell-bodies,  from 
each  of  which  a  long  filament  extends  to 
the  wall  of  the  canal  in  a  direction  trans- 
verse to  the  axis. 

The  meaning-  of  these  modifications  of  structure 
is  unknown.  No  nerves  have  hitherto  been 
seen  proceeding'  to  the  parts  in  question  ;  but  they 
apparently  represent  the  much  more  developed 
peculiarly  modified  epithelium  which,  as  we  shall 
immediately  see,  is  found  in  the  ampuUse  and  in 
the  saccule  and  utricle  opposite  the  parts  where 
the  corresponding  branches  of  the  auditory  nerve 
enter,  and  which  receives  the  ultimate  termina- 
tions of  those  nerves. 


The    ampullse, 
and  utricle,  agree 


s  well  as  the  saccule 
generally  in  structure 
with  the  semicircular  canals  :  at  the  part, 
however,  where  they  are  connected  to  the 
osseous  wall  the  fibrous  outer  layer  forms  a 
loose-meshed  tissue,  and  the  tunica  propria 
is  very  much  thickened,  and  in  the  am- 
pullse  causes  a  rounded  transverse  projec- 
tion into  the  cavity  of  each,  the  septum 
transfer  Slim,  or  crista  acustica,  before  men- 
tioned. Over  this  projection,  and  also  to  a 
certain  extent  in  its  neighbourhood,  the 
epithelium   is  of  an    elongated    columnar 


Fig.  463. — Diagram  op  ths 
Auditory  Epithelium  ani> 
THE  Mode  of  Termination' 
op  the  Nerves  of  the 
AMPULL^(afterM.  Schultze). 

c,  columnar  epithelium  ;  sp, 
spindle-shaped  cells,  each  sup- 
porting an  auditory  hair,  h;  6, 
basal  supporting  cells  ;  n,  two 
nerve  fibres  passing  through  the 
tunica  propria  to  join  the  plexus 
in  the  epithelium  ;  I,  limit  of 
tunica  proiJria. 


form  (fig.  463,  c),  and  is  surmounted  by 
long  and  fine  cilium-like  processes  (auditory  hairs  (h)  ),  which  are, 
however,  not  spontaneously  vibratile,  but  project  stiffly  into  the  endo- 
lymph.  These  hairlets  are  said  to  belong  not  to  the  columnar  epithelium 
cells  themselves,  but  to  spindle-shaped  cells  {spi),  which  lie  between 


650 


THE    EAR. 


Fig.  464. 


the  columnar,  and  are  supported  by  them.  Finally,  as  described 
by  Max  Schultze,  a  layer  of  columnar  epithelium  (&)  rests  upon  the  tunica 
propria  by  the  broad  ends  of  the  cells,  whilst  the  opposite,  tapering 
ends  project  between  the  other  epithelial  and  nervous  elements,  which 
they  no  doubt  assist  to  support.  The  branches 
of  the  auditory  nerve  {n)  pass  directly  through 
the  loose-meshed  tissue  above  mentioned 
and  through  the  thickened  tunica  propria  ; 
the  fibres  then  lose  their  medullary  sheath 
and  dark  contour,  and  are  continued  as 
simple  axis-cylinders.  Immediately  before 
reaching  the  epithelium  each  axis-cylinder 
appears  to  break  up  or  branch  out  into  a 
number  of  fine  fibrils,  which  form  a  network 
by  uniting  with  the  neighbouring  fibrils 
beneath  and  between  the  bases  or  attached 
ends  of  the  epithelium  cells.  With  this  fine 
network  the  central  ends  of  the  spindle- 
shaped  cells,  which,  as  just  mentioned, 
are  stated  to  bear  at  their  opposite  free 
extremity  the  fine  auditory  hairs,  are  believed 
to  be  connected.  According  to  Eudinger,  a 
nervous  fibril  passes  directly  through  the  axis 
of  each  spindle-cell,  and  projects  at  the  free 
end  as  an  auditory  hair,  being  in  its  course 
connected  with  the  nucleus  of  the  cell. 

An  entirely  different  account  of  the  relations 
between  these  several  elements  is  given  by 
Retzius,  who  describes  the  auditory  hairs 
(fig.  4G4,  h)  as  being  borne  each  by  one  of  the 
columnar-shaped  cells,  and  these  latter  as  con- 
nected by  the  narrower  central  end  (c')  with, 
and  passing  directly  into  a  nerve-fibril,  whereas 
the  long,  slender,  spindle-shaped  cells  {sji) 
which  project  at  one  extremity  between  the 
columnar  elements,  and  the  nucleated  bodies 
of  which  fire  several  rows  deep,  rest  by  their 
somewhat  broadened  basal  end  upon  the  tunica 
propria,  and  are  to  be  regarded  merely  as  sup- 
porting structures  for  the  proper  nervous  ele- 
ments. According  to  the  same  observer,  the 
nerves  retain  their  medullary  sheath  some  little 
way  beyond  the  limit  of  the  tunica  propria, 
and  their  axis  fibres  do  not  form  an  anas- 
tomosing network,  but  after  merely  branching 
two  or  three  times  pass  directly,  as  just  stated,  into  the  attenuated  ends 
of  the  columnar  cells,  which  he  accordingly  terms  th^  "■  auditory " 
cells.  He  further  states  that  the  auditory  hairs  are  very  liable  to 
break  up  under  the  influence  of  reagents  into  a  bunch  of  more 
delicate  hairlets  (/^■')-" 

The  whole   question   must   be   regarded   as  at  present   undecided, 

*  Anatomische  Untersuclmngen  ;  Das  Q-elioiiabyi-intb  der  Knochenfische,  Stockholm, 
1S72. 


Fig.   464. — Auditory  Epi- 

THELIUJI    FROM    AmPULLA 

OP     A     Fish     (Retziusj. 
Highly  Magnified. 

Ji,  auditory  liairs  ;  It',  the 
"basal  end  of  one  broken  up 
into  finer  filaments  ;  sp, 
spindle-cells  ;  c',  attenu- 
ated extremity  of  columnar 
cell. 
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further  investigation  being  necessary  to  inquire  into  tlie  relative  accu- 
racy of  the  two  views. 

The  spindle-  or  fibre-cells  and  the  auditory  hairs  were  first  described  by  Maz 
Schnltze,*  and  bring  to  mind  the  so-called  olfactory  cells  of  the  nasal  mucous 
membrane,  to  be  presently  described,  and  the  gustatory  cells  -n'hich  are  met 
with  in  the  special  organs  of  taste.  Moreover,  as  -we  shall  immediately  see,  cells 
bearing  similar  stiffly  projecting  hairs  are  met  with  also  in  the  cochlea;  and  in 
all  these  places  it  is  thought  probable  that  there  is  a  dii-ect  connection  between 
the  hair-bearinj  cells  and  the  nerves  of  special  sense,  although  owing  to  the 
extremely  delicate  nature  of  the  pa.rts  and  the  difficulty  of  manipulation, 
such  connection  has,  perhaps,  never  yet  been  undoubtedly  observed.  The 
minute  structui-e  of  the  parts  just  described  has  been  chiefly  worked  out 
in  the  comparatively  large  membranous  labyrinth  of  fishes,  but  is  no  doubt 
more  or  less  similar  in  all  vertebrata. 

The  foregoing  description,  althouga  referring  more  particularly  to  the 
characters  of  the  epithelium  and  mode  of  nerve  distribution  in  the 
crista  acusticee  of  the  ampullae,  is  equally  applicable  to  the  maculte 
acusticffi  of  the  saccule  and  utricle.  The  nerves  which  are  supplied  to 
the  maculffi  seem,  however,  to  spread  out  more  and  to  be  less  markedly 
limited  in  their  distribution  than  those  which  go  to  the  ampullae  (see  fig. 
460).  Both  saccule  and  utricle  contain  in  their  cavity  and  lying  in 
contact  with  the  nerve-epithelium  a  little  mass  of  otoliths,  which,  how- 
ever, do  not  float  free  in  the  fluid,  but  appear  enclosed  in  a  delicate 
cuticular  investment.  Otoliths  are  also  found  scattered  here  and  there 
in  the  ampullEe  and  semicircular  canals.  Their  use  is  not  sufficiently 
known. 

Cochlea. — The  mesjibranous  cochlea  resembles  the  membranous 
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Fig.  465. — Left  Cochlea  oh'  a  Child  so:sie  Y^eeks  Old  (lleicliert).  f 
The  drawing  ^was  taken  from  a  specimen  which  had  been  preserved  in  alcohol,  and  was 
afterwards  dried  ;  a  section  is  made  so  as  to  show  the  lamina  spiralis,  scalee,  and 
cochlear  canal  in  each  of  the  three  coils  :  the  membranous  spiral  lamina  is  preserved,  but 
the  appearances  connected  with  the  organ  of  Corti,  &c.,  have  been  lost  from  drying. 
/  r,  fenestra  rotunda  with  its  membrane  ;  s  t,  scala  tympani  ;  s  v,  scala  vestibuli ;  I  s, 
lamina  spiralis  ;  h,  hamulus  ;  c  c,  canalis  cochlea:  ;  d,  opening  of  the  aqueductus 
cochleae. 

Fig.  466. — Vertical  Section  of  the  Cochlea  of  a  Fcetal  Calf  (KoUiker).     f 
In  this  specimen  the  external  wall  was  ossified,  but  the  modiolus  and  spirallamina 
were  still  cartikxginous  ;  the   section   shows  in  each  part  of  the  cochlear  tube  the  two 
scalis  with  the  intermediate  canalis  cochlece  and  lamina  spiraHs. 

*  Miiller's  Archiv,  1858. 
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semicircular  canals  just  described  in  consisting  of  a  tube,  lined  by 
epithelium  and  containing  endolymph,  partly  surrounded  by  a  clear 
space  containing  perilymph,  but  it  differs  from  them  materially  both 
in  shape  and  in  the  modifications  presented  by  its  epithelial  lining. 
In  macerated  specimens,  the  two  parts  into  which  the  osseous  tube 
of  the  cochlea  is  divided  are,  it  will  be  remembered,  only  imperfectly 
separated  by  the  osseous  spiral  lamina  which  projects  from  the 
columella  ;  but  in  the  fresh  specimen  the  tube  is  separated  completely 
into  three  distinct  parts  by  means  of  two  membranes,  which  extend 
along  its  whole  length  (figs.  465,  466).  In  the  first  place  the  lamina 
spiralis  is  directly  prolonged  by  a  comparatively  strong,  well-marked 
membrane,  the  basilar  memlrane  (fig.  467,  b),  which  stretches  straight 
across  to  the  outer  wall  of  the  cochlea,  and  is  here  connected  to  an 
inward  projection  of  the  lining  periosteum  and  sub-periosteal  tissue 
known  as  the  spiral  ligament  (Isjf).  The  basilar  membrane  thus 
helps  to  complete  the  upper*  limit  of  the  scala  tympani  (;ST),  but 
does  not  enter  into  the  lower  boundary  of  the  scala  vestibuli,  for  a 
second,  much  more  delicate  membrane,  known  as  the  membrane  of 
Eeissner  {R)  passes  from  the  upper  part  of  the  lamina  a  little  distance 

from  its  end,  and  stretches 
Eig.  467.  obliquely  upwards  and  out- 

wards, also  to  become  con- 
nected with  the  lining  peri- 
osteum ;  neither  of  the 
lines  of  insertion  of  this 
membrane  are  prominently 
marked.  The  oblique  di- 
rection of  the  membrane  of 
Eeissner  causes  a  triangu- 
lar space  to  be  shut  off  be- 
tween it  and  the  basilar 
membrane,  which  is  bound- 
ed externally  by  the  outer 
osseous  wall  of  the  cochlea 
lined  by  periosteum  :  and 
this  space,  extending 
throughout  the  whole 
length  of  the  osseous 
tube,  and  lined  throughout 
by  an  epithelium  variously 
modified  in  different  parts, 
is  known  distinctively  as 
the  canal  of  the  cochlea 
cajialis  membranaceus,  or  ductus  cochlearis  (figs.  465,  467,  CC,  fig.  469, 
DC).  It  terminates  in  a  blind  pointed  extremity  at  the  apex,  and 
another  at  the  base.  That  at  the  apex,  extending  beyond  the  hamulus, 
is  fixed  to  the  wall  of  the  cupola,  and  partly  bounds  the  helicotreraa  ; 
that  at  the  base  fits  into  the  angie  at  the  commencement  of  the  osseous 


Fig.  467. — Section  throuijh  one  of  the  Coils 
OP  THE  Cochlea,  diagrammatic  (altered  from 
Henle).     f 

S  T,  scala  tympani  ;  S  V,  scaia  vestibuli  ;  C  C, 
canalis  coclileog ;  R,  membrane  of  Reissner  forming 
its  vestibular  wall ;  I  s  o,  lamina  spiralis  ossea  ; 
lis,  limbus  laminse  spiralis  ;  s  s,  sulcus  spiralis  ; 
n  c,  cochlear  nerve  ;  g  s,  ganglion  spirale  ;  t,  mem- 
brana  tectoria  ;  b,  membrana  basilaris  ;  C  o,  rods 
of  Corti  lisp,  ligamentum  spirale. 


*  To  avoid  repetition  it  may  here  be  stated  that  for  convenience  sake  the  cochlea 
is  considered  in  the  present  description  as  having  its  larger  part  or  base  lower- 
most, and  the  domed  extremity  uppermost,  although  of  course  this  is  far  from  being  the 
relative  position  of  the  parts  whilst  within  the  body.  Moreover,  parts  nearer  the 
columella  are  spoken  of  as  inner  ;  jmrts  nearer  the  external  wall  as  outer. 
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spiral  lamina  in  front  of  the  floor  of  the  vestibule.  Xear  to  this  blind 
extremity  the  canalis  membranacens  receives  a  small  canal,  lined  with 
epithelium,  canalis  reimiens  (Hensen),  Tvhich  is  continued  from  the 
saccule  of  the  vestibule  like  the  neck  of  a  flask,  and  enters  the  canal 
of  the  cochlea  abruptly  nearly  at  a  right  angle  (fig.  468,  cr).  The 
cavity  of  the  canalis  membranacens  is  thus,  rendered  continuous  with 
that  of  the  saccule. 

It  is  the  structures  which  are  found  upon  the  floor  of  this  spirally- 
wound  triangular  canal  of  the  cochlea  that  claim  more  particular 
attention,  for  it  is  to  them  that  the  branches  of  the  cochlear 
distributed,  and  upon  them  the  function  of  the  cochlea 
of   the  auditory   apparatus    appears    more    especially  de- 


nerve  are 
as  a  part 
pendent. 

The  floor  itself  of  the  coch- 
lear canal  is  formed  of  a  narrow 
portion  of  the  spiral  lamina 
external  to  the  membrane  of 
Eeissner,  and  of  the  basilar 
membrane.  In  the  macerated 
specimen  this  part  of  the  lamina 
thins  off  gradually  to  a  fine  edge 
like  the  blade  of  a  knife,  but  in 
the  recent  condition  (fig.  4G7,  Us) 
it  retains  its  thickness  for  some 
distance  (or  even  exhibits  a 
slight  increase),  and  then  ab- 
ruptly terminates  with  a  border 
Avhich  in  section  is  C-shaped 
with  the  lower  limb  of  the  C 
much  more  prolonged  and  taper- 
ing than  the  upper.  This  lower 
^imb  is  in  fact  the  section  of 
the  end  of  the  osseous  lamina, 
together  with  a  thin  mem- 
branous layer  which  covers  it, 
and  which  is  directly  prolonged 
into  the  basilar  membrane.  This 
membrane,  as  well  as  the  whole 
thickened  upper  part  of  the  edge 
of  the  spiral  lamina,  not  being 
ossified,  disappears  in  the  process 
The  thickened 


Fig.  468. 


Fig.  468. — The  Left  Labteixth  of  a  Child 
AT  Birth,  partially  opened  on  its  outer 
side  to  show  the  c0m1iexce3ient  of  the 
Membranous  Canal  of  the  Cochlea 
(slightly  altered   after  Eeicliert).     f 

The  external  or  horizontal  canal  has  been 
removed  ;  c  s,  superior  canal  ;  c  jj,  posterior 
canal ;  a  s,  membranous  ampulla  and  tube  of 
the  superior  canal  cut  short  ;  ah,  that  of  the 
external  or  horizontal  canal  ;  /;,  imdilated  end 
of  the  horizontal  canal  in  front  of  the  common 
opening  of  the  suiDerior  and  posterior  canals  ; 
p  s,  united  superior  and  posterior  canals  ;  ii, 
utricuhis  ;  s,  sacculus  ;  c  c,  vestibular  part  or 
commencement  of  the  membranous  canal  of 
the  cochlea ;  c  r,  canalis  reunions  connecting 
it  with  the  sacculus  ;  c,  cochlea. 


of  maceration. 

part  (fig.  467,  Us),  with  its  somewhat  overhanging,  crest-like  end  (fig. 
469,  Cr),  is  known  as  the  Umbus  of  the  spiral  lamina,  and  the  groove 
which  it  overhangs,  and  which  in  section  is  represented  by  the  bay  of 
the  C,  is  known  as  the  spiral  groove  (&g.  467,  ss,  fig.  469,  S.  sp.  i). 

The  tissue  of  which  the  limbus  is  composed  seems  to  be  a  form  of 
connective  tissue  ;  but  it  differs  in  different  parts.  Towards  the  under 
and  inner  part  there  are  in  particular  numerous ,  corpuscles,  and  the 
texture  is  distinctly  fibrous,  but  above  there  are  few  or  no  corpuscles, 
and  the  tissue  is  more  homogeneous  ;  although  a  faint  fibrillation  in  a 
radial  direction,  i.e.,  from  within  outwards,  may  still  be  traced  in  it. 
This  faintly  fibrillated  tissue  is  prolonged,  as  just  intimated,  beyond 
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the  osseous  lamina,  into  the  basilar  membrane.  Xear  its  tferraination. 
close  to  the  junction  with  the  basilar  membrane,  it  is  iserforated 
with  a  number  of  regularly-arranged,  elongated  apertures  (fig.  470,  p), 
which  serve  for  the  transmission  upwards  of  the  nerve-fibres.  The 
latter,  in  their  course  fi'om  the  spiral  ganglion  to  the  auditory 
epithelium,  are  lodged,  as  far  as  this,  in  canals  in  the  lower  osseous 
part  of  the  spiral  lamina.  Their  arrangement  here  will  be  afterwards 
more  fully  described. 

Fig.  489. 


jifim-z.sM: 
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Fig.  469. — Vertical  Section  op  the  first  turn  of  the  Cochlea  op  a  Child  a 
Year  and  a  Half  old.     100  Diameters  (Waldeyer). 

-S'T',  scala  vestibuli  ;  ST,  scala  tympani ;  DC,  duet  or  canal  of  the  coclilea  ;  L.sp.o^, 
L.sp.o"-,  vestibular  and  tympanal  layer  of  the  osseous  spiral  lamina  with  the  stratum  of 
n«rve-fibres,  N,  between  ;  a,  a,  outer  bony  wall  of  cochlea  ;  I,  h,  and  d,  periosteum  ; 
e,  e,  connective  tissue  thickening  forming  at  L.Sp.  the  spiral  ligament ;  St.v.,  stria 
vascularis  ;  L.Sp.a,  prominence  known  as  the  accessory  spiral  ligament,  containing  a 
spirally  running  blood-vessel,  the  ras  prominens ;  S.sp.i.,  spiral  groove  (inner)  ;  S.sp,e., 
so-called  external  sinral  groove  ;  R,  R^,  section  of  Eeissner's  membrane,  the  middle  part 
itfdicated  only  by  a  dotted  line  ;  from  R  to  Cn,  limbus  laminte  spiralis  ;  M.t.,  membrana 
tectoria,  somewhat  raised  up  from  its  natural  position;  f—p,  organ  of  Corti  ;  /,  nerves 
turning  up  to  enter  epithelium ;  g,  inner  hair-cell  region  ;  h,  region  of  the  outer  hair- 
cells  ;  I,  basilar  membrane  underneath  rods  of  Corti. 
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"When  the  lim])us  is  vieAved  from  above,  the  edge  is  seen  to  present,  not  a 
continuous  line,  but  a  succession  of  tooth-like  projections  (fig.  470,  Cr), 
which  give  it  a  jagged  aspect.  These  projections  are  continued  as 
flattened  eminences  a  short  distance  on  the  upper  surface  of  the  limbus, 
which  is,  therefore,  not  smooth,  but,  at  least  near  the  edge,  marked 
in  this  way  with  eminences  and  intervening  furrows.  Nearer  the 
line  of  origin  of  the  membrane  of  Reissner,  however,  it  becomes 
more  uniform,  and  here,  too,  its  epithelial  covering,  which  is  directly 
continuous  with  that  of  the  under  surface  of  Reissner's  membrane,  is 
evenly  distributed  ;  whereas  at  the  crest  itself  the  epithelial  cells  are, 
in  the  adult,  only  found  in  the  furrows  :  so  that  the  tooth-like  promi- 
nences  project  between  the  rows  of  epithelium  into  the  cochlear  canal. 
Immediately  below  the  overhanging  projections,  the  epithelium  again 
runs  together  into  a  uniform  single  layer  which  lines  the  spiral  groove, 
and  is  continuous  externally  with  the  more  specialized  cells,  presently 
to  be  described  as  forming  the  organ  of  Corti. 

The  basilar  membrane  stretches,  as  before-mentioned,  straight 
between  the  osseous  lamina  and  the  spiral  ligament  on  the  outer  wall, 
and  separates  the  canal  of  the  cochlea  from  the  scala  tympani.  It 
increases  in  breadth  from  the  base  to  the  apex  of  the  cochlea,  while  the 
breadth  of  the  osseous  spiral  lamina  diminishes.  Thus  in  the  first  turn 
of  the  cochlea,  this  membrane  fonns  about  half  of  the  breadth  of  the 
septum  made  by  it  and  the  osseous  lamina  ;  but  towards  the  apex  of 
the  cochlea  the  proportion  between  the  two  parts  is  gradually  changed, 
until,  near  the  helioctrema,  the  membranous  part  is  left  almost  unsup- 


Fig.  470. 


Fig.  470. — Sejii-diagrajijiatic  View  of  part  of  the  Basilar  Membrane  axd  Tunkel 
OF  Corti  of  the  Eabbit,  from  above  and  the  side.     Much  magnified. 

I,  lirabus  ;  Cr,  extremity  or  crest  of  limbus  with  tooth-like  projections ;  6  b,  basilar 
membrane  ;  p,  perforations  for  transmission  of  nerve  fibres  N,  which  are  represented  at 
the  lower  part  of  the  figure,  but  omitted  for  the  sake  of  clearness  in  the  upper  ;  i.r,  fif- 
teen of  the  inner  rods  of  Corti  ;  h.i,  their  flattened  heads  seen  from  above  ;  e.r,  nine 
outer  rods  of  Corti  ;  h.e,  their  heads,  with  the  phalangeal  processes  extending  outward 
from  them  and  forming,  with  the  two  rows  of  phalanges,  the  lamina  reticularis,  I.  r.  The 
fibres  of  the  outer  rods  are  seen  to  be  continued  into  the  striation  of  the  basilar  mem- 
brane, through  which  the  connective  tissue  fibres  and  nuclei  of  the  undermost  layer  are 
seen.  Portions  of  a  few  of  the  basilar  processes  of  the  outer  baii'-cells  remain  attached 
to  the  membrane. 
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ported  by  any  plate  of  bone.  The  exact  nature  of  the  tissue  composing 
the  proper  substance  of  the  membrane  is  unknown,  but  it  is  probably 
analogous,  at  least  the  uppermost  stratum,  to  that  Composing  the  rods 
of  Corti,  to  be  afterwards  described.  It  is  somewhat  stiff  in  con- 
sistence, and  may  readily  be  broken  up  into  straight  fibres  which  have 
a  radial  direction,  corresponding  Avith  a  striation  which  the  membrane, 
especially  its  outer  part,  presents  when  viewed  on  the  flat  (fig,  470). 
Externally,  at  its  attachment  to  the  spiral  ligament,  it  breaks  up 
into  diverging  fibres,  which  spread  into  that  jDrojection.  On  the  upper 
surface  of  the  membrane  is  the  epithelium  which  forms  the  organ  of 
Corti,  and  the  single  layer  of  cells  which  is  continued  from  this  ex- 
ternally (fig.  469)  :  on  the  under  surface  it  is  covered  by  a  layer  of 
connective  tissue  (often  described  as  part  of  the  membrane),  the  fibres 
of  W'hich  have  a  longitudinal  direction,  parallel  with  the  spiral,  and  across 
the  direction  of  the  fibres  of  the  membrane  proper.  There  are  numerous 
intermixed  spindle-shaped  corpuscles  in  this  tissue,  which  is  in  con- 
tinuity with  the  lining  periosteum  of  the  scala  tympani.  Small  blood- 
vessels are  found  in  it,  but  as  a  rule  extending  only  over  the  inner  part 
of  the  membrane.  They  are  usually  terminated  by  a  rather  larger 
longitudinally  running  vessel,  situate  opposite  the  outer  rods  of  Corti, 
and  known  as  the  vas  sjyirale. 

The  membrane  of  Reissner  (figs.  467,  469,  i2),  separates  the  scala 
vestibuli  from  the  canal  of  the  cochlea.  It  is  composed  of  an  exces- 
sively delicate  and  almost  homogeneous  layer  of  connective  tissue  con- 
tinuous with  the  lining  periosteum  of  the  scala  vestibuli,  and  is  covered 
on  the  surface  which  is  turned  to  the  cochlear  canal  with  a  simple 
laj'er  of  delicate  scaly  epithelium  continuous  below  with  that  on  the 
limbus  and  above  with  that  lining  the  outer  wall  of  the  canal  (fig.  469). 
The  cells  have  each  a  circular  flattened  nucleus,  and  not  unfrequently 
contain  fat  droplets  of  various  sizes.  The  vestibular  side  of  the  mem- 
brane of  Eeissner  is  quite  smooth,  and  is  covered  with  a  layer  of 
flattened  epithelioid  connective-tissue  cells,  readily  distinguishable  from 
the  true  epithelial  cells  on  the  other  side  as  well  by  their  greater  delicacy 
of  outline,  and  their  larger  size,  as  by  the  history  of  their  development. 
A  few  blood-capillaries  are  continued  into  the  membrane  from  the 
neighbouring  periosteum. 

The  periosteum  which  lines  the  scala  vestibuli  and  scala  tympani, 
consists  of  ordinary  connective  tissue.  There  is  no  continuous  lining 
of  flattened  cells  on  the  free  surface  (that  bathed  by  the  perilymph), 
such  as  covers  the  surface  of  serous  membranes.  That,  on  the  other 
hand,  which  bounds  the  canal  of  the  cochlea  externally,  is  very  much 
thickened  by  a  development  of  retiform  connective  tissue,  and  is 
covered  by  the  epithelium  of  that  tube,  which  here  forms  a  single  layer 
of  cubical  cells,  many  of  which  contain  pigment.  The  periosteum, 
moreover,  forms  usually  a  slight  inward  projection  a  little  above  the 
ligamentum  spirale,  containing  a  prominent  blood-vessel  (fig.  469, 
L.  sj).  a).  The  substance  of  the  periosteum  is  also  fi-equently  pigmented 
immediately  under  the  epithelium  of  the  tract  between  this  prominence 
and  the  membrane  of  Eeissner,  and  from  containing  large  and  nume- 
rous blood-vessels,  is  often  termed  stria  vascularis  (St.v.).  Immediately 
beneath  the  epithelium  is  a  basement  membrane,  through  which,  in 
sections,  processes  may  here  and  there  be  seen  passing  from  the 
epithelium  to  the  subjacent  tissue. 
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The  ligamentum  spirale  (fig.  469,  LSp)  appears  in  sections  as  a 
pointed  projection  from  the  outer  wall  of  the  cochlea,  with  the  basilar 
membrane    attached    to 

its  apex.     It  is  composed  '  Fig.  471. 

of  a  retiform  connective 
tissue,  many  of  the  cells 
of  which  have  an  elon- 
gated shape  and  radiate 
from  the  point  of  attach- 
ment of  the  basilar  mem- 
brane. They  have  been 
considered  by  some  to  be 
muscular,  but  there  is 
no  distinct  proof  of  their 
contractile  nature. 

Orgajst   of    Corti. — 
The    epithelium    which 
covers  the  basilar  mem- 
brane requires  a  careful  description,  including  as  it  does  the  highly- 
specialised  structures  which  are  known  by  the  name  of  the  organ  of 


Fig.  471. — A   PAiK   OF    EoDs    of  Corti,    from   the 
Babbit's  Cochlea,    in    side  view.     Highly  mag- 
nified. 
h,  h,  basilar  membrane;    i.r,  inner  rod;    e.r,  outer 

rod.     Tlie  nucleated  protoplasmic  masses  at  tlie  feet 

are  also  shown. 


Fig.  472. 


Fig.  473. 


Fig.  472. — Sketch  of  Lamina  Reticulaeis  and  Adjoining  Steuctuees  from  the 
Cat.  Highly  magnified  (Kolliker). 
a,  inner  hair-cells  with  hairlets,  jS  ;  y,  epithelium  of  spiral  gi-oove  ;  c,  d,  inner  rods, 
the  junction  between  the  individual  heads  at  d  not  being  represented ;  /,  heads  of 
outer  rods  ;  m,  n,  o,  rings  of  1.  reticularis  with  circles  of  hairlets ;  p,  cuticular  tissue 
between  external  epithelial  cells,  5. 

Fig.  473.  —Similar  Figure  feom  the  Calf  (Kolliker). 
a,  h,  c,  inner  rods  ;  d,  their  heads ;  e,  two  outer  rods  ;  i,  i,  feet  of  ditto  ;  h,  phalangeal 
process  from  head  of  outer  rod  ;  W,  phalanges  of  1.  reticularis  ;    the  other  letters  as  in 
fig.  472. 
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Cforti.  The  central  \MYt  of  this  apparatus  is  formed  by  two  sets  of 
stiff,  rod-like  bodies — the  inner  and  outer  rods  of  Corti  {Rgs.  470,471) — 
■which  stand  by  one  end,  the  foot,  nuon  the  basilar  membrane,  the  outer 
series  (e.r.),  at  some  little  distance  from  the  inner  (ir.),  and  thence  are 
inclined  towards  each  other — the  outer  series  inwards  and  the  inner 
series  outwards — so  as  to  meet  by  their  upper  ends  or  heads,  which  are 
thus  in  contact.  In  this  way  each  pair  of  rods  forms  a  sort  of  arch  with 
slanting  sides  (fig.  471),  and  since  both  inner  and  outer  rods  are, 
respectively,  in  lateral  juxtaposition,  the  double  series  of  inclined 
columns  forms  a  tunnel  (fig.  470)  along  the  whole  extent  of  the  basilar 
membrane,  which  in  the  natural  condition  is  filled  with  endolymph. 

On  the  inner  side  of  the  inner  rods  is  a  row  of  epithelial  cells — inner 
hair-cells — which  are  surmounted  by  a  brush  of  fine,  short,  stiff  hairlets, 
and  external  to  the  outer  rods  are  three  or  four  successive  rows  of 
similar  but  more  elongated  cells — outer  hair-cells — which  are  inclined 
in  a  direction  more  or  less  parallel  with  that  of  the  corresponding  series 
of  rods.  The  hairlets  of  these  outer  hair-cells  project  through  rings 
(fig.  470,  m,  n,  o),  which  surround  the  tops  of  the  cells,  and  which  are 
bounded  by  minute,  fiddle-shaped  cuticular  structures — the  so-called 
phalanges — connected  both  to  one  another  and  to  the  heads  of  the  outer 
rods.  A  reticular  lamina  (fig.  470,  l.r. )  is  thus  formed  which  covers  this 
jDart  of  the  organ  of  Corti,  like  a  wire  net. 

On  either  side  of  the  two  sets  of  hair-cells  the  epithelium,  becoming 
gradually  shorter,  passes  continuously  into  the  simple  layer  of  cubical 
cells  which  is  found  both  in  the  spiral  groove  and  also  covering  the 
outermost  part  of  the  basilar  membrane. 

The  whole  organ  is,  in  addition  to  the  reticular  lamina,  covered  by  a 
comparatively  thick,  fibrillated,  and,  to  all  appearance,  highly  elastic 
.membrane — the  tectorial  memlrane  (fig.  469,  3I.t.) — which  is  attached 
by  one  edge  to  the  upper  surface  of  the  limbus,  falls  over  the  crest  of 
the  latter  and  rests  by  the  other  edge  and  by  the  adjoining  part  of  its 
under  surface  on  the  rods  of  Corti  and  the  hair-cells,  converting  in 
this  way  the  spiral  groove  into  a  canal.  It  will  be  necessary  to  describe 
more  minutely  these  several  parts  of  the  organ  of  Corti. 

Eiods  of  Corti. — The  inner  and  outer  rods  of  Corti  differ  considerably 
from  one  another  in  size  and  shape,  although  agreeing,  for  the  most 
part,  as  regards  the  details  of  their  structure.  Each  inner  rod  may  be 
best  compared  in  shape  to  a  human  ulna,  the  upper  end  of  the  rod  being 
pretty  accurately  represented  by  the  head  of  that  bone,  the  olecranon 
and  coronoid  processes,  as  well  as  the  concave  articular  surface  between, 
being  readily  recognisable.  The  outer  rods,  on  the  other  hand,  some- 
what resemble  in  shape  a  swan's  head  and  neck ;  the  rounded  part, 
which  represents  the  back  of  the  head,  fitting  into,  and  being  connected 
with,  the  concave  surface  on  the  head  of  the  con'esponding  inner  rod 
(or  rather  of  two  or  three  inner  rods,  for  the  latter  are  smaller  and 
more  numerous  than  the  outer  ones),  while  the  part  which  represents 
the  bill  projects  outwards  and  becomes  connected  with  the  phalanges 
of  the  lamina  reticularis,  aiding  to  form  the  first  series  of  rings  for  the 
hair-cells.  Both  inner  and  outer  rods  are  more  slender  about  the  middle 
of  their  length  and  expand  again  below,  so  as  to  rest  upon  the  basilar 
membrane  by  a  somewhat  widened  foot.  Both  are  distinctly  striated 
throughout  their  length  (fig.  474),  and  the  striation  or  fibrillation,  as  is 
particularly  well  seen  in  the  outer  rods,  passes,  at  the  point  of  attach- 
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ment  of  the  feet,  continuously  into  that  of  the  basilar  memorane,  to 
which  they  are  thus  intimately  connected  (fig.  470).  Occupying  most 
of  the  head  of  the  outer  rod  is  an  oval  part  fre-e  from  fibres,  and 
staining  with  carmine  more  readily  than  the  rest  :  this  appears  to 
represent  the  nucleus  of  an  epithelial  cell  from  which  the  rod  was 
originally  developed.  A  similar,  but  smaller  nucleus  is  sometimes, 
but  not  always,  to  be  seen  in  the  head  of  the  inner  rod,  at  a  place  cor- 
responding with  the  part  that  represents  the  root  of  the  coronoid  process  ; 
and  the  substance  of  the  rod  presents  in  its  neighbourhood  a  somewhat 
granular  protoplasmic  appearance,  as  if  there  were  here  the  remains  of 
an  original  epithelial  cell  (fig.  474).  But  there  is  another  trace  of 
cell-formation  always  to  be  found  in  connection  with  both  inner  and 
outer  rods,  in  shape  of  a  little  mass  of  protoplasm,  enclosing  a 
rounded  nucleus,  which  occurs  near  the  base  of  the  rod  and  fills  up 
the  angle  which  it  makes  with  the  plane  of  the  basilar  membrane 
(fig.  471).  Sometimes  these  masses  of  protoplasm  extend  along  the 
last-named  membrane  until  they  come  into  contact,  and  then  the  floor 
of  the  arch  of  Gorti  is  covered  by  them. 

As  before  mentioned,  the  inner  rods  are  more  numerous  than  the 
outer,*  they  are  moreover  more  closely  set  so  as  to  touch  one  another 
along  their  whole  length,  whereas  the  outer  rods  are  only  in  contact 
laterally  by  their  heads  ;  finally  the  outer  rods  are  m  all  parts  longer 
than  the  hiner,  and  in  the  upper  turns  of  the  cochlea  considerably  so 
(Winiwarter,  Urban  Pritchard).  How  the  two  sets  of  rods  are  jointed 
together  at  their  heads  is  not  very  clear  ;  it  is  certain  that  but  very 
little  movement  can  be  permitted,  if  any ;  for  the  basilar  membrane 
to  which  they  are  securely  fixed  below  is  stiff  and  seemingly  inelastic, 
and  the  heads  of  adjacent  rods  are  in  close  juxtaposition  laterally. 
It  is  not  improbable  that  the  service  which  the  rods  and  the  other 
cuticular  structures  here  serve,  is  to  keep  the  parts  which  more  im- 
mediately minister  to  the  sense  of  hearing  in  a  state  of  sufficient  tension 
to  be  readily  acted  on  by  vibrations. 

Hair-cells. — The  inner  hair-cells  are  closely  applied  against  the  inner 
side  (that  turned  towards  the  limbus)  of  two  or  three  of  the  corresponding 
rods,  the  cells  being  considerably  larger  in  diameter  than  the  rods. 
They  are  very  like  somewhat  short,  columnar  epithelium,  and  are 
prolonged  below  into  a  process,  or  it  may  be  more  than  one,  which, 
according  to  Waldeyer,  is  directly  connected  to  one  of  the  nerve  fibres 
which  turn  up  through  the  lamina  spiralis  just  below  these  cells. 
Under  them,  and  extending  also  below  the  gradually  decreasing  columnar 
epithelium,  is  an  ill-characterised  layer  of  protoplasmic  cells  with  large 
round  nuclei,  amongst  which  fine  nerve-fibres  are  said  to  run  in  a  radial 
direction.  Uniting  the  upper  ends  of  the  columnar  cells  internal  to 
the  rods,  is  a  considerable  amount  of  intercellular  cuticular  tissue,  and 
this  also  forms  around  the  top  of  each  inner  hair-cell  a  sort  of  ring, 
which  is  connected  with  slight  projections  on  the  flattened  heads  of  the 
inner  rods,  and  appears  to  represent  the  lamina  reticularis  here. 

The  outer  hair-cells  are  peculiar  in  shape.  They  are  cylindrical 
at  the  upper  end,  where  they  fit  into  the  rings  of  the  lamina  reticu- 
laris and  bear  the  hairlets,  but  lower  down  are  ribbon-shaped,  being- 
flattened  from  within  out,  so  that,  when  seen  in  profile,  they  look 

*  According. to  Waldeyer  there  are  altogether  in  the  human  cochlea  about  6000  of  tllO 
inner  rods  and  4500  of  the  outer  ones. 
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narrow  (as  in  fig.  474),  but  when  seen  from  above  each  cell  appears 
nearly  uniform  in  size  throughout  (fig.  475).  At  the  lower  end  the 
cells  seem  to  end  for  the  most  part  with  a  rounded  extremity  (fig.  475,  Z^) 
slightly  bulged  to  one  side,  whilst  from  the  other  side  a  process  (p)  is 
prolonged_  which  continues  the  oblique  direction  of  the  cell  parallel  to 
the  direction  of  the  outer  rod,  and  is  fixed  below  to  the  basilar  mem- 
brane. (These  processes  were  broken  away  in  the  specimen  from  which 
fig.  474  was  taken.)  The  nucleus  3f  the  cell  may  be  either  in  the  upper 
end,  in  the  middle,  or  in  the  rounded  projection  at  the  lower  end. 
It  is  possible  that  there  may  occasionally  be  two  nuclei  in  one  cell, 
one  at  the  upper  and  the  other  at  the  lower  extremity,  but  such  is  by  no 
means  so  fi^equently  the  case  as  is  sometimes  described. 

Fig.  474. 


Kg.  474. — Profile  view  of  Inner  and  Outer  Rod  in  connection  with  Three 
Hair-cells,  and  part  op  Lamina  Reticularis  (froji  the  Guinea-pig).  Bichro- 
mate OP  potash  preparation.     Vert  highly  magnified. 

i.r,  inner  rod;  e.r,  outer  rod  ;  h^,  7i„,  h^,  hair-cells  of  first,  second,  and  third  rows 
respectively.  They  appear,  especially  the  second  and  third,  narrow  in  the  middle,  the 
thin  edge  of  the  riband  being  seen,  but  below  have  become  accidentally  twisted  so  that  the 
flattened  side  is  brought  into  view.  A  nucleus  is  visible  in  Aj,  but  none  is  seen  m  h„,  li^, 
probably  owing  to  its  being  contained  in  the  part  of  the  cell  the  edge  of  which  is  turned 
towards  the  observer.  The  lower  ends  of  all  three,  together  with  their  basilar  processes, 
have  become  broken  off  in  the  preparation  of  the  specimen  ;  s,  one  of  the  succeeding  epi- 
thelial cells ;  c,  cuticular  thread  attached  to  lamina  reticularis  ;  p,  phalangeal  process  of 
outer  rod  ;  p^,  p^,  phalanges  of  lamina  reticularis  seen  in  section. 

In  most  animals  there  are  three  series  of  outer  hair-cells,  and  a  cor- 
responding number  of  rings  and  phalanges  in  the  lamina  reticularis,  but 
in  man  there  are  four  series  (fig.  469,  h),  and  the  lamina  is  correspond- 
ingly larger.  Outside  the  hair-bearing  cells  tlie  columnar  cells  are  much 
elongated  and  obliquely  disposed  (fig.  474,  s),  but  they  become  more  and 
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more  snortened  and  acquire  a  more  vertical  direction,  gradually  passing 
into  the  simple,  short  columnar  or  cubical  epithelium  on  the  outer  part 
of  the  basilar  membrane.  Between  all  these  cells,  as  with  those  internal 
to  the  inner  hair-cells,  is  a  marked  amount  of  cuticular  deposit  which 
is  continuous  with  the  outer  end  of  the  lamina  reticularis  (fig.  i7'3,2J), 
and  may  be  looked  upon  as  prolonging  this.  Moreover,  attached  here 
and  there  to  the  phalanges  of  the  lamina,  processes  or  threads  of 
cuticular  substance  may  often  be  seen  hanging  downwards  between 
the  hair-cells  (fig,  470  and  fig.  474,  c).  These 
probably  belong  to  certain  cells  which  lie 
below  the  hair-cells  and  in  proximity  to  or 
resting  upon  the  basilar  membrane.  But  the 
exact  character  of  the  cells  in  this  situation 
and  their  relation  to  the  hair-cells,  have 
hitherto  baffled  observation.  In  the  guinea- 
pig  these  underlying  cells  appear  grouped,  for 
the  most  part,  into  an  irregular  protoplasmic 
mass  in  which  the  rounded  ends  of  the  hair- 
cells  lie  embedded,  and  from  which  curved, 
stifP-looking  processes  pass  in  different  direc- 
tions forming  a  sort  of  supporting  framework. 
The  successive  series  of  outer  hair-cells  are  not 
in  contact  with  one  another  (although  the 
cells  of  each  series  are  so,  laterally),  but  there 
is  a  distinct  interval  between  them  filled,  ap- 
parently, only  by  endolymph,  which  also  occu- 
pies the  meshes  of  the  sustentacular  frame- 
work just  mentioned.  The  whole  region  has 
the  appearance  of  being  kept  in  a  state  of 
tension  by  means  of  stiff  cuticular  structm'es, 
which  serve  to  unite  and  at  the  same  time 
to  keep  apart,  the  reticular  lamina  above,  and 
the  basilar  membrane  below. 


?  i  / 


Fig.  475. — Four  outer 
Hair-cells  in  Connec- 
tion, WITH  THEIR  Basi- 
lar Processes.  Froji 
THE  Guinea-pig.  High- 
ly MAGNIFIED. 


The  cells  belong  to  the 
same  series  and  are  viewed 
fiat,  h,  one  or  two  hair- 
lets  which  have  remain- 
ed attached  ;  b,  bulged 
lower  end  of  cell  ;  |j,  ba- 
silar process,  protoplasmic 
above  but  becoming  cuti- 
cular below  and  slightly 
expanded  at  the  extremity 
f,  which  is  broken  away 
from  the  basilar  mem- 
brane. 


Considerable  differences  occtir  in  the  compactness 
witli  which  the  elements  in  the  outer  haii'-cell  region 
are  an-anged  both  in  different  animals  and  in 
different  pai*ts  of  the  cochlea  of  the  same  animal. 
It  is  in  the  upper  turns  of  the  cochlea  that  the 
arrangement  which  lias  just  been  described  obtains, 
and  it  may  be  best  seen  in  the  cochlea  of  the  guinea- 
pig,  which,  indeed,  for  various  reasons  offers  better 

facilities  for  observation  both  on  this  and  other  points,  than  that  of  any  other 
animal  we  have  examined. 

One  or  two  peculiarities  are  observable  in  the  guinea-pig's  cochlea,  but  they  do 
not  materially  complicate  the  observation.  For  instance,  the  outer  hair-cell 
region  is  developed  into  an  arching  projection,  the  external  part  of  the  arch 
being  formed  by  large  flattened  cells,  and  passing  abruptly  into  the  low-lying 
cubical  epithelium  of  the  outer  i^art  of  the  basilar  membrane.  This  arched  pro- 
jection is  best  seen  in  the  upper  turns ;  and  it  may  further  be  noticed,  that  in  the 
uppermost  turn  the  flattened  epithelial  cells  above-mentioned,  possess  the 
highly-interesting  ]Deculiarity  of  containing  large  fat  droplets  so  as  to  cause  them 
almost  to  appear  like  young  fat-cells  :  the  meaning  of  this  development  of  fat  is 
entirely  unkno■\^^l. 

The  tectorial  membrane  is  the  last  special  structure  which  remams 
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to  be  described  in  connection  with  the  organ  of  Corti.  It  arises,  as 
before  stated,  on  the  limbus,  not  far  from  the  Hne  of  origin  of  Reissner's 
membrane,  but  the  extent  to  which  it  covers  the  limbus,  varies  in 
diflPerent  animals.  It  overlies  the  projecting  teeth  at  the  edge  of  the 
limbus,  and  also  the  epithelium  between  :  all  this  part  of  the  mem- 
brane is  thin  and  delicate,  imperceptibly  shading  off  towards  tlie  inner 
edge  of  attachment.  As  the  membrane  ]orojects  over  the  crest  of  the 
limbus,  it  swells  out  below  into  a  pad-like  projection  which,  as  before 
stated,  covers  in  and  partly  fills  up  the  spiral  groove,  and  rests  below 
upon  the  rods  of  Corti  and  contiguous  structures.  Towards  its  external 
edge  the  membrane  again  thins  out,  and  over-lies  the  outer  hair-cell 
region  as  a  delicate  film  presenting  a  somewhat  reticular  appearance, 
as  if  impressed  by  or  moulded  on  the  subjacent  structures.  The 
thickened  part  of  the  membrane  is  distinctly  fibrous  in  appearance  (the 
fibrillation  extending  from  within,  out),  and  after  immersion  in  weak 
solutions  of  chromic  acid,  or  bichromate  of  potash,  it  appears  to  possess 
considerable  toughness  and  elasticity.  Waldeyer  states,  however,  that 
in  the  perfectly  fresh  condition  it  is  soft  and  pulpy,  and  he  ccnsiders 
that  it  may  serve  as  a  damper  to  prevent  any  too  violent  vibrations  of 
the  fluid  which  is  in  immediate  contact  with  the  hair-cells.  It  must 
be  remembered  that  from  its  position  the  hairlets  borne  by  the  latter 
must  necessarily  be  in  contact  with  the  under  surface  of  this  membrane. 
About  its  origin  nothing  certain  is  known,  but  it  appears  to  be  formed 
as  a  cuticular  deposit  or  secretion  from  the  epithelial  cells,  upon  Avhich, 
even  at  a  comparatively  early  stage  of  development,  it  may  be  seec  to  lie. 

"Vessels  and  nerves  of  tlie  cochlea. — The  cochlear  hramhea  of  the 
internal  auditory  artery,  twelve  or  fourteen  in  number,  arising  at  the 
bottom  of  the  internal  auditory  meatus,  traverse  the  many  small  canals 
in  the  modiolus  and  bony  lamina  spiralis,  and  form  in  the  latter  a 
capillary  plexus  that  joins  at  intervals  the  vas  spirale,  previously 
mentioned.  From  this  plexus  offsets  are  distributed  in  the  form  of  a 
fine  network  on  the  periosteum,  but  the  vessels  do  not  anastomose 
across  the  membrana  basilaris. 

The  veins  of  the  cochlea  issue  from  the  grooves  of  the  cochlear  axis 
and,  joining  the  veins  of  the  vestibule  and  semicircular  canals  at  the 
base  of  the  modiolus,  pour  their  contents  into  the  superior  petrosal 
sinus. 

The  cochlear  Iranch  of  the  auditory  nerve  is  shorter,  flatter,  and 
broader  than  any  of  the  other  nerves  of  the  internal  ear,  and  perforates 
the  bone  by  groups  of  minute  foramina  at  the  bottom  of  the  internal 
meatus,  below  the  opening  of  the  Fallopian  aqueduct.  These  groups  are 
arranged  in  a  shallow  spiral  furrow  (tractus  spiralis  foraminulectus)  in 
the  centre  of  the  base  of  the  cochlea  ;  and  they  lead  into  small  bony 
canals,  which  follow  first  the  direction  of  the  axis  of  the  cochlea, 
through  the  modiolus,  and  then  radiate  outwards,  between  the  plates  of 
the  bony  lamina  spiralis.  In  the  centre  of  the  spiral  tract  is  a  larger 
foramen  whiih  leads  to  the  canalis  centralis  modioli.  Throagh 
this  foramen  and  canal  the  filaments  for  the  last  half-turn  of  tlie 
lamina  spiralis  are  conducted ;  whilst  the  first  two  turns  are  supplied 
by  filaments  which  occupy  the  smaller  foramina  and  bent  caralso  In 
the  bone,  the  nerves  have  dark  outlines,  and  near  the  root  of  tl  e  spiral 
lamina  they  pass  outwards  through  a  spirally  wound  gangiicnic  cjrd, 
the  so-called  gancjlion  spirale^  situated  m  the  special  bony  canal,  canalis 
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Fig.  476. — GrENERAL  View  op  the  Mode  of  Distribution  of  the  Cochleau  Nerve, 

ALL    THE    other    PARIS    HAVING    BEEN    RE3I0VED. 

spiralis  moclioU,  already  mentioned.  Here  each  nerve  fibre  most  pro- 
bably has  a  ganglion-cell  interpolated  in  its  course.  From  the  outer 
side  of  the  ganglion,  the  fibres,  still  possessing  the  dark  outline,  pass 

Fi.tr.  477. 


n 
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Fig.    477. — Distribution  op   the  Cochlear  Nerves  in    the  Lamina  Spiralis  (after 

Henle). 

A,  part  of  the  modiolus  and  spiral  lamina,  viewed  from  the  base,  showing  the  cochlear 
nerves  forming  a  network  ;  1,  filaments  of  the  nerve  issuing  from  the  tractus  spiralis  fora- 
minulosus  ;  2,  branches  of  the  nerve  entering  by  the  central  canal  of  the  modiolus  ;  3, 
wide  plexus  in  the  bony  lamina  spiralis  ;  4,  close  plexus  at  its  border.  B,  part  of  the 
nerves  extracted  and  more  highly  magnified  ;  2,  twigs  of  the  nerve  from  the  modiolus 
close  to  the  lamina  spiralis  ossea  ;  gs,  si^iral  ganglion  ;  fs,  nerve-fibres  running  spirally 
along  the  outer  part  of  the  ganglion  swelling ;  3,  wide  plexus  ;  4,  close  plexus  of  nerve- 
fibres  as  in  4, 
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onwards  with  a,  plexiform  arrangement,  at  first  in  more  or  less  distinct 
but  anastomosing  cords  (fig.  477,  b,  3),  contained  in  distinct  canals  in 
the  bony  lamina,  but  afterwards  spreading  out  into  an  almost  continuous 
stratum  of  intermingling'  fibres,  to  be  again  gathered  up,  near  the 
edge  of  the  osseous  lamina,  into  conical  bundles  which  turn  abruptly 
upwards,  and  passing  through  the  elongated  apertures  previously  de- 
scribed, in  the  membranous  stratum  covering  the  bone,  enter  amongst 
the  epithelial  structures  which  form  the  organ  of  Corti,  in  the  region  of 
the  inner  hair-cells. 

Little  is  known  positively  with  regard  to  the  actual  mode  of  ending 
of  the  nerves  amongst  these  structures.  As  they  pass  through  the 
apertures  in  the  membrane,  they  lose  their  medullary  sheath  and  dark 
borders,  and  are  continued  as  simple  axis-cylinders.  Their  further 
course  is  still  a  matter  of  doubt.  Some  of  them  are  stated  by  Wal- 
deyer  to  pass  directly  into  the  lower  ends  of  the  inner  hair-cells,  and 
others  to  pass  outwards  between  the  rods  of  Corti,  stretching  across  the 
tunnel  which  these  enclose,  eventually  ending  in  the  outer  hair-cells,  but 
these  statements,  although  not  improbable,  yet  require  confirmation. 
It  is  possible  that  the  real  termination  of  the  nerves  is  to  be  found  not 
in  the  hair-cells  themselves  but  in  the  subjacent  irregular  protoplasmic 
cells,  which  both  in  the  character  of  their  nucleus,  and  in  other  par- 
ticulars are  not  very  unlike  nerve-cells. 

The  following  numbers  show  the  average  dimensions  of  various  parts  of  the 
human  cochlea.  They  are  copied  from  Waldeyer  (article  ''  Cochlea  "  in  Strieker's 
Handbook),  and  represent  the  size  in  micromillimeters.* 

Cochlear  canal,  breadth,  1st  turn  ......     800 

„         „  ,,  2nd  turn 700 

„         „      ,  extreme  height      ......    .500 

Keissner's  membrane,  breadth,  1st  turn       .         .         .         .     .    900 

,,  ,,  „  2nd  turn  ....     700 

Limbus  laminae  spiralis,  breadth,  1st  turn    .        .         .         .     .    300 

„  „  „  2nd  turn        .         .  .  200—250 

Rods  of  Corti,  space  between  attachment  of  feet  .  66 — 70 

, ,  ,,      height  of  arch     .         .  .  .  .  .     .       12 

.,  ,,       length  of  inner  rods         .....       .50 

„  ,,      length  of  outer  rods    .         .         .         .         .60—66 

Hair-cells,  length  of  inner      .         .         .         .         .         .         .18 

,,       ,,     length  of  outer,  with  basilar  process  .         .     .       48 

,,       ,,     length  of  hairlets  ......         4 

Membrana  tectoria,  extreme  breadth  ....         200 — 230 

„  ,,        extreme  thickness    .....      60 

THE  NOSE. 

The  nose  is  the  special  organ  of  the  sense  of  smell.  It  has  also 
other  functions  to  fulfil  ; — for,  communicating  fi'eely  with  the  cavities 
of  the  mouth  and  lungs,  it  is  concerned  in  respiration,  voice,  and  taste  ; 
and  by  means  of  muscles  on  its  exterior,  which  are  closely  connected 
with  the  muscles  of  the  face,  it  assists  more  or  less  in  expression. 

This  organ  consists  of,  first,  the  anterior  prominent  part,  composed 
of  bone  and  cartilages,  with  muscles  already  described,  which  slightly 
move  the  cartilages,  and  two  orifices,  anterior  nares,  openmg  down- 

*  A  micromillimeter  is  the  ji^jyth  part  of  a  millimeter,  or  the  asooo^^  P^^  °^  '^'^  inch, 
and  is  generally  represented  by  tiie  Greek  letter  ix. 
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wards  ;  and,  secondly,  of  the  two  nasal  fossse,  in  which  the  olfactory 
nerves  are  expanded.  The  nasal  fossae  are  separated  from  each  other 
by  a  partition,  septum  nasi,  formed  of  bone  and  cartilage :  they 
communicate  with  hollows  in  the  neighbouring  bones  (ethmoid,  sphe- 
noid, frontal,  and  superior  maxillary) ;  and  they  open  backwards  into 
the  pharynx  through  the  posterior  nares.  The  skin  of  the  nose  is 
studded,  particularly  in  the  grooves  of  the  ate  or  outer  walls  of  the 
nostrils,  with  numerous  small  openings,  which  lead  to  sebaceous  follicles. 
Within  the  margin  of  the  nostrils  there  is  a  number  of  short,  stiff, 
and  slightly  curved  hairs — vihrissce. — which  grow  from  the  inner  surface 
of  the  alte  and  septum  nasi. 

CARTILAGES   OF   THE  NOSE. 

These  are  the  chief  support  of  the  outer  part  of  the  organ.  They 
occupy  the  triangular  opening  seen  in  front  of  the  nasal  cavity  in  the 
dried  skull,  and  assist  in  forming  the  septum  between  the  nasal  fossse. 
There  are  usually  reckoned  two  large  and  three  small  cartilages  on 
each  side,  and  one  central  piece  or  cartilage  of  the  septum. 


Fig.  479. 


Fiff.  480. 


Fig.  479. — Froxt  Yiew  of  the  Cartilages 
OF  THE  Nose  (Arnold),     f 

a,  a',  nasal  bones  ;  1,  1',  upper  lateral 
cartilages  or  wing-like  expansions  of  the 
septal  cartilage  ;  2,  2',  lower  lateral  car- 
tilages. 


Fig.  478— Lateral  View  of  the 
Cartilages  of  the  Nose  (Ar- 
nold),    f 

a,  right  nasal  bone  ;  b,  nasal 
process  of  the  superior  maxillary- 
bone  ;  1,  upper  lateral  cartilage  or 
wing-like  expansion  of  the  septal 
cartilage  ;  2,  lower  lateral  cartilage 
(outer  part)  ;  2*,  inner  part  of  the 
same  ;  3,  sesamoid  cartilages. 

The  iqiper  lateral  cartilages  (cartilagines  laterales  nasi)  (figs.  478  and 
479,  1)  are  situated  in  the  upper  part  of  the  projecting  portion  of  the 
nose,  immediately  below  the  free  margin  of  the  nasal  bones.  Each 
is  flattened  and  triangular  in  shape,  and  presents  one  surface  out- 
wards,  and  the  other  inwards  towards  the  nasal  cavity.    The  anterior 


Fig.  480. — View  of  the  Cartilages  of  the 
Nose  from  below  (Arnold),     f 

2,  2',  outer  part  of  the  lower  lateral  car- 
tilages ;  2*,  2*,  inner  part  of  the  same  ;  4, 
lower  edge  of  the  cartilage  of  the  septum. 
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margin,  thicker  than  the  posterior  one,  meets  the  lateral  cartilage  of  the 
opposite  side  above,  but  is  closely  united  with  the  edge  of  the  cartilage 
of  the  septum  below  ;  so  closely  indeed,  that  by  some,  as  Henle,  the 
upper  lateral  are  regarded  as  re&ected  wings  of  the  median  cartilage. 
The  inferior  margin  is  connected  by  fibrous  membrane  with  the  lower 
lateral  cartilage  ;  and  the  posterior  edge  is  inserted  into  the  ascending 
process  of  the  upper  maxilla  and  the  free  margin  of  the  nasal  bone. 

The  loiver  lateral  cartilages  (cartilagiues  alarum  nasi)  (fig.  478,  2,  2') 
are  thinner  than  the  preceding,  below  which  they  are  placed,  and  are 
chiefly  characterised  by  their  peculiar  curved  form.  Each  consists  of 
an  elongated  plate,  so  bent  upon  itself  as  to  pass  in  front  and  on  each 
side  of  the  nostril  to  which  it  belongs,  and  by  this  arrangement  serve 
to  keep  it  open.  The  outer  portion  is  somewhat  oval  and  flattened,  or 
irregularly  convex  externally.  Behind,  it  is  attached  to  the  margin  of 
the  ascending  process  of  the  upper  maxilla  by  tough  fibrous  membrane, 
in  which  are  two  or  three  cartilaginous  nodules  {cart Hag.  minor es  vel 
sesamoideca)  (fig.  478,  3)  ;  above,  it  is  fixed,  also  by  fibrous  membrane, 
to  the  upper  lateral  cartilage,  and  to  the  lower  and  fore  part  of  the  car- 
tilage of  the  septum.  Towards  the  middle  line  it  is  curved  backwards 
(fig.  480),  bounding  a  deep  mesial  groove,  at  the  bottom  of  which  it 
meets  with  its  fellow  of  the  opposite  side,  and  continues  to  pass  back- 
wards, forming  a  small  part  of  the  columna  nasi,  below  the  level  of  the 
cartilage  of  the  septum.  This  inner  part  of  the  cartilage  of  the  ala  is 
thick  and  narrow,  curls  outwards,  and  ends  in  a  free  rounded  margin 
(2*),  which  projects  outwards  towards  the  nostril.      The   lower  and 

most  prominent  portion  of  the 
ala  of  the  nose,  like  the  lobule 
of  the  ear,  is  formed  of  thick- 
ened skin  with  subjacent  tissue, 
and  is  unsupported  by  car- 
tilage. 

The  cartilage  of  the  septum 
(fig.  481,  4)  has  a  somewhat 
triangular  outline,  and  is 
thicker  at  the  edges  than  near 
the  centre.  It  is  placed  nearly 
vertically  in  the  middle  line 
of  the  nose,  and  completes,  at 
the  fore  part,  the  separation 
between  the  nasal  foss^.  The 
anterior  margin  of  the  carti- 
lage, thickest  above,  is  firmly 
attached  to  the  back  of  the 
nasal  bones  near  their  line  of 
junction  ;  and  below  this  it 
lies  successively  between  the 
upper  and  the  lower  lateral 
cartilages,  united  firmly  with 
the  former  and  loosely  with  the 
latter.  The  posterior  margin  is  fixed  to  the  lower  and  fore  part  of 
the  central  plate  of  the  ethmoid  bone  {e) ;  and  the  lower  margin  is 
received  into  the  groove  of  the  vomer  {v),  as  well  as  into  the  median 
ridge  between  the  superior  maxillce. 


Fig.  481. — Osseous  and  Cartilagixous  Sep- 
tum OF  THE  Nose,  seen  eroji  the  Left 
Side  (Ai-nold).     -| 

a,  right  nasal  bone  ;  6,  superior  maxillary 
bone  ;  c,  sphenoidal  sinus  ;  d,  perpendicular 
plate  of  the  ethmoid  bone  ;  e,  vomer  ;  2*,  inner 
part  of  the  right  lower  lateral  cartilage  ;  4, 
cartilage  of  the  septum. 


THE   XASAL   FOSS^ 
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This  cartilage  is  the  persistent  anterior  estvemity  of  the  primordial 
cranium.  In  young  subjects  it  is  prolonged  back  to  the  body  of  the 
pre-sphenoid  bone  ;  and  in  many  adults  an  irregular  thin  band  remains 
between  the  yomer  and  the  central  plate  of  the  ethmoid. 

XASAL  FOSS^. 

The  nasal  fosste,  and  the  various  openings  into  them,  with  the  pos- 
terior nares,  have  been  preyiously  described  as  they  exist  in  the  skeleton, 
and  the  greater  part  of  that  description  is  also  applicable  generally  to 
the  nose  in  a  recent  state  ;  but  it  is  proper  to  mention  certain  dif- 
ferences in  the  form  and  dimension  of  parts,  irhich  depend  on  the 
arrangement  of  the  lining  membrane,  yiz.- — ■ 

ThroTigliotit  the  -svliole  of  the  nasal  fossse  it  is  to  be  observed  that — 
Firstly,  ©■n'ing  to  the  thickness  of  the  membrane  in  question,  (-^hich  not  only 
lines  the  iirallsof  the  fosste.  but  covers  the  spongy  bones  on  both  sides.)  the  nasal 
cavity  is  much  narro-wer  in  the  recent  state.  Secondly,  in  consequence  of  the 
prolongations  of  membrane  on  their  free  margins,  the  tiu-binate  bones,  and  more 
particularly  the  lo"^er  pair,  appear  in  the  recent  state  to  be  both  more  prominent, 
and  longer  in  the  direction,  from  before  back-«-ards,  than  in  the  dried  skull. 
Thirdly,  by  the  arrangement  of  the  mucous  membrane  around  and  over  the 
orifices  -n-hlch  open  into  the  nasal  fosste,  some  of  the  foramina  in  the  bones  are 
narrowed,  and  others  completely  closed. 

Fi-.  4S-2. 


Fig.  482.— TKA^-3VEE3E  Yestical  Sectiox    of    the   Nasal  Fossi  seen  feoh  behind 

(^Arnold),     f 
1,  part  of  the  frontal  bone  ;  2,  crista  galli  ;  3,  perpendicular  plate  of  the  ethmoid  ; 
between  4  and  4,  the  ethmoid  cells  ;  o,  right  middle  spongy  bone  ;  6,  left  lower  spongy 
bone  ;  7,  vomer  ;  8,  malar  bone ;  9,  maxUlary  sinus ;  10,  its  opening  into  the  middle 
meatus. 


In  the  individual  parts  of  the  nasal  fosss  the  follo-sving  particulars  are  to  be 
noticed. 

In  the  upper  meatus,  the  small  orifice  ^-hich  leads  into  the  posterior  ethmoidal 
cells  is  lined  by  a  prolongation  of  the  thin  mucous  membrane  which  continues 


668 


THE  NOSE. 


into  those  cavities  ;  but  the  spheno-palatine  foramen  is  covered  over  by  the 
(Schneiderian  membrane,  so  that  no  such  opening  exists  in  the  recent  nasaj 
fossa. 

In  the  middle  meatus,  the  apertiu'e  of  the  infundibulum  is  nearly  hidden  by 
an  overhang-ing  fold  of  membrane  ;  it  leads  directly  into  the  anterior  ethmoidal 
cells,  and  through  them  into  the  frontal  sinus.  Below  and  behind  this,  the 
passage  into  the  antrum  of  Highmore  is  surrounded  by  a  circular  fold  of  the 
pituitary  membrane  (sometimes  prominent  and  even  slightly  valvular),  which 
leaves  a  circular  aperture  much  smaller  than  the  foramen  in  the  bony  meatus. 

In  the  lower  vicatus  the  inferior  orifice  of  the  nasal  duct  is  defended  by  one  or 
two  folds  of  membrane  ;  and  when  there  are  two,  the  folds  are  often  adapted  so 
accurately  together  as  to  prevent  even  air  from  passing  back  from  the  cavity  of 
the  nose  to  the  lachrymal  sac. 

In  the  roof  the  apertures  in  the  cribriform  plate  of  the  ethmoid  bone  are  closed 
by  the  membrane,  but  the  openings  into  the  sphenoidal  sinuses  receive  a  pro- 
longation from  it. 

In  the  floor  the  incisor  foramen  is  in  the  recent  state  generally  closed.  Some- 
times, however,  a  narrow  funnel-shaped  tube  of  the  mucous  membrane  descends 
for  a  short  distance  into  the  canal,  but  is  closed  before  it  reaches  the  roof  of  the 
palate.  Vesalius,  Stenson,  and  Santorini,  believed  that  this  tube  of  membrane 
opened  generally  into  the  roof  of  the  mouth  by  a  small  aperture  close  behind  the 
interval  between  the  central  incisor  teeth.  Haller!  Scariia,  and  more  recently, 
Jacobson.  find  that  in  man  it  is  usually  closed,  and  often  difficult  of  detection. 
(See  Cuvier's  Report  on  a  paper  by  Jacobson,  "Annales  du  Museum  d'Hist, 
Naturelle  ;  "  Paris,  1811  ;  vol.  xviii.  p.  412.) 


MUCOUS  MEMBEAI^E. 


The  pituitary  or  Schneiderian  membrane,  which  lines  the  cavities  of 
the  nose,  is  a  highly  vascular  mucous  membrane,  inseparably  united, 


Fig.  483. — Outer   Wall   of   the   Left  Nasal   Fossa,  covered   by   the  PiiriTART 

Membrane  (Arnold),  f 
1,  frontal  bone  ;  2,  left  nasal  bone  ;  3,  superior  maxillary  ;  4,  body  of  the  sphenoid 
with  the  sphenoidal  sinus  ;  5,  projection  of  the  membrane  covering  the  upper  spongy 
bone  ;  6,  that  of  the  middle  ;  7,  that  of  the  lower  ;  the  upper,  middle,  and  lower 
meatuses  are  seen  below  the  corresponding  spongy  bones  ;  8,  opening  of  the  Eustachian 
tube  ;  9,  depression  of  the  lining  membrane  of  the  nose  in  the  anterior  palatine  canal. 
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like  that  investing  the  cavity  of  the  tympanum,  with  the  periosteum 
and  perichondrium,  over  which  it  lies.  It  is  continuous  with  the  skin 
through  the  nostrils  ;  with  the  mucous  membrane  of  the  pharynx 
through  the  posterior  apertures  of  the  nasal  fossse  ;  with  the  conjunctiva 
through  the  nasal  duct  and  lachrymal  canaliculi ;  and  Avith  the  lining 
membrane  of  the  several  sinuses  which  communicate  with  the  nasal 
fossse.  The  pituitary  membrane,  however,  varies  much  in  thickness, 
vascularity,  and  general  appearance  in  these  different  parts.  It  is 
thickest  and  most  vascular  over  the  turbinate  bones  (particularly  the 
inferior),  from  the  most  dependent  parts  of  which  it  forms  projections 
in  front  and  behind,  thereby  increasing  the  surface  to  some  extent.  On 
the  septum  nasi  the  pituitary  membrane  is  also  very  thick  and  s]3ongy ; 
but  in  the  intervals  between  the  turbinate  bones,  and  over  the  floor  of 
the  nasal  fossfe,  it  is  considerably  thinner.  In  the  maxillary,  frontal, 
and  sphenoidal  sinuses,  and  in  the  ethmoidal  cells,  the  mucous  lining 
membrane,  being  very  thin  and  pale,  contrasts  strongly  with  that 
which  occupies  the  nasal  fossse. 

In  respect  of  the  characters  of  the  mucous 
membrane,  three  regions  of  the  nasal  fossse 
may  be  distinguished.  Thus,  the  region  of 
the  external  nostrils,  including  all  the  part 
which  is  roofed  by  the  nasal  cartilages,  is 
lined  with  stratified  squamous  epithelium  ; 
and  the  remainder  is  divisible  into  two 
parts,  viz.,  the  olfactory  region  in  which 
the  epithelium  is  non-ciliated  and  columnar, 
and  the  respiratory  region  in  which,  as  also 
in  the  sinuses,  it  is  ciliated  and  columnar. 
The  membrane  in  the  respiratory  part,  con- 
sisting of  the  inferior  turbinated  and  all  the 
lower  portions  of  the  fossse,  is  studded  with 
numerous  racemose  mucous  glands,  which 
open  by  orifices  apparent  on  the  surface. 
These  are  most  numerous  about  the  middle 
and  hinder  parts  of  the  nasal  fossas,  and  are 
largest  at  the  back  of  the  septum  near  the 
floor  of  the  nasal  cavity.  They  are  much 
smaller  and  less  numerous  in  the  membrane 
lining  the  several  cavities  which  communi- 
cate with  the  nasal  fossse. 

Olfactory  mucous  jnembrane.  — -  The 
olfactory  region  or  that  in  which  the 
olfactory  nerve  is  distributed,  uicludes  the 
upper  and  middle  turbinated  parts  of  the 
fossse,  and  the  upper  portion  of  the  septum. 
It  is  extremely  vascular,  a  close  plexus  of  large  capillary  vessels  being 
found  under  the  lining  membrane  throughout  its  whole  extent.  Its 
mucous  membrane  is  thicker  and  more  delicate  in  consistence  than  that 
of  the  ciliated  region,  being  soft  and  pulpy.  It  has  a  distinct  yellow 
colour  in  man  ;  brown  in  some  animals.  The  glands  of  this  region 
are  numerous,  but  are  of  a  more  simple  structure  than  those  in  the 
lower  part  of  the  fossse  ;  amongst  them,  however,  some  ordinary  race- 
mose glands  are  occasionally  to  be  found     The  columnar  cells  on  its 


Fis, 


4S4. — Vertical  Section 
op  a  small  portion  of  the 
Membrane  of  the  Nose 
FROM  the  Olfactory  Re- 
gion l^Ecker).  30  Dia- 
meters. 

a,  coloured  part  of  the  epi- 
thelium ;  a',  iinclei  ;  b,  deeper 
part  containing  the  olfactory 
cells  ;  c,  connective  tissue 
of  the  mucous  membrane  ;  d, 
one  of  the  glands  ;  d',  its 
duct ;  e,  twig  of  the  olfactory 
nerve  ;  e'  small  twig  passing 
towards  the  surface. 


670 


THE  NOSE. 


Fijr.  485. 


surface  are  prolonged  at  their  deep  extremities  into  a  process  generally 
somewhat  thickened  towards  its  deeper  end,  which  usually  includes  a 
number  of  fatty  granules  :  and  from  this  thickened  part  branches  pro- 
ceed, which  are  stated  by  Exner  and  Martin  to  communicate  with  those 
of  neighbouring  cells,  so  as  to  form  a  communicating  network  through- 
out the  extent  of  the  membrane,  underneath  the  epithelium.  Between 
and  amongst  these  branching  central  ends  of  the  columnar  cells  there 
are  a  large  number  of  peculiar  spindle-shaped  cells  (fig.  485,  h),  each 
consisting  of  a  large,  clear  nucleus  surrounded  by  a  relatively  small 
amount  of  granular  protoplasm.  From  each  cell  proceeds  a  superficial 
and  a  deep  process.  The  superficial  process  (c)  is  a  cylindrical  or  slightly 
tapering  thread  passing  directly  to  the  surface,  and  terminating  abruptly 

at  the  same  level  as  the  epithelial 
cells  between  wdiich  it  lies  :  the 
deep  process  (c(!)  is  more  slender,  and 
passes  vertically  inwards.  This  last 
frequently  presents  a  beaded  ap- 
pearance similar  to  that  observed 
in  fine  nerve-filaments,  and  con- 
sidered to  be  of  a  similar  accidental 
origin.  These  cells  were  termed  by 
Max  Schultze,  their  discoverer,  olfac- 
tory cells,  to  distinguish  them  from 
the  columnar  epithelium  cells  above 
described,  than  which  they  are  much 
more  numerous,  and  which  they  entirely 
surround  with  their  fine  rod-like  peri- 
pheral processes.  It  is  probable  that 
their  fine  varicose  central  processes  are 
directly  continuous  with  the  fibrils  of 
the  olfactory  nerve,  but  the  continuity 
has  never  been  actually  observed. 
The  nucleated  bodies  of  the  olfactory 
cells  are  several  rows  deep,  and  form  a 
layer  of  considerable  thickness  beneath 
the  columnar  cells. 


Fig.  485. — Cells  and  Terminal 
Nerve-fibres  of  the  Olfactory 
Region  (from  Frey  after  Schiiltze). 
Highly  magnified. 

1,  from  the  frog  ;  2,  from  man  ; 
a,  epithelial  cell,  extending  deeply 
into  a  ramified  process  ;  h,  olfactory 
cells  ;  c,  their  peripheral  rods  ;  e, 
their  extremities,  seen  in  1  to  be 
prolonged  into  fine  hairs  ;  d,  their 
central  filaments  ;  3,  olfactory  nerve- 
fibres  from  the  dog ;  a,  the  division 
into  fine  fibrillfe. 


be  met  with  between  the  two, 
a  common    network,    to   which, 


The  superficial  process  of  the  olfactory 
cell  was  observed  by  Scliultze  to  be  sur- 
mounted by  a  short,  stiff  projection  (fig. 
485,  2  0)  ^^<i  li^s  been  so  described  by 
others;  but  it  is  now  agreed  that  this 
appearance  results  from  the  coagulation  of 
albuminous  matter  escaped  from  the  interior 
of  the  process.  Long  and  fine  liair-like  pro- 
cesses do,  however,  exist  on  the  olfactory 
membranes  of  amphibia,  reptiles,  and  birds 
(fig.  485, 1  (?) ,  but  they  have  not  been  observed 
in  mammals. 

A  doubt  has  been  thi-own  by  Exner  upon 

the  definiteness  of  the   distinction  between 

the  epithelial  and  the  olfactory  cells  of  this 

region  :    he  states  that  every  transition  may 

and  that  the  central  processes  of  both  end  in 

moreover,   the    nerve   fibrils  are   distributed. 


OLFACTORY  NERVE. 
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The  subject  lias  since  been  ag-ain  carefully  investigated  by  Martin,  who  upholds 
the  correctness  of  Max  Schultze's  views.* 


Fig.  486. — Nerves  of  the  Septum  Nasi,  seen  from  the  right  side  (from    Sappey, 
after  Hirschfeld  and  Leveille).     f 

I,  the  olfactory  bulb  ;  1,  the  olfactory  nerves  passing  through  the  foramina  of  the 
cribriform  plate,  and  descending  to  be  distributed  on  the  septum  ;  2,  the  internal  or 
septal  twig  of  the  nasal  branch  of  the  ophthalmic  nerve  ;  3,  naso-palatine  nerves. 


Fig.    487. — Nerves  of  the  Outer  Wall  -^^S-  ^°'' 

OP   THE   Nasal    Foss^    (from  Sappey, 
after  Hirschfeld'and  Leveille).     | 

1,  network  of  the  branches  of  the 
olfactory  nerve,  descending  upon  the  region 
of  the  superior  and  middle  turbinated 
bones  ;  2,  external  twig  of  the  ethmoidal 
branch  of  the  nasal  nerve  ;  3,  spheno- 
palatine ganglion  ;  4,  ramification  of  the 
anterior  palatine  nerves ;  5,  posterior, 
and  6,  middle  divisions  of  the  palatine 
nerves  ;  7,  branch  to  the  region  of  the 
inferior  turbinated  bone  ;  8,  branch  to 
the  region  of  the  superior  and  middle 
turbinated  bones  ;  9,  naso-palatine  branch 
to  the  septum  cut  short. 

Olfactory  23"erve. — The  fila- 
ments of  this  nerve,  lodged  at 
iirst  in  grooves  on  the  surface  of 
the  bone,  enter  obliquely  the  sub- 
stance of  the  Schneiderian  mem- 
brane, and  pass  to  their  distribution  between  its  mucous  and  fibrous 
layers.  The  nerves  of  the  septum  (fig.  486)  are  rather  larger  than 
those  of  the  outer  wall  of  the  nasal  fossse ;  they  extend  over  the  upper 
third  of  the  septum,  and  as  they  descend  become  very  indistinct.  The 
nerves  of  the  outer  wall  are  divided  into  two  groups — the  posterior 

*  Exner,  Wiener  Sitzungsberichte,  1870  and  1S72  ;    H.  Newell  Martin,    "Journal  of 
Anat.  and  Physiol.,"  vol.  viii. 
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branches  being  distributed  over  the  surface  of  the  upper  spongy  bone, 
and  the  anterior  branches  descending  over  the  plain  surface  of  the 
ethmoid  and  the  middle  spongy  bone. 

The  nerves  as  they  descend,  ramify  and  unite  in  a  plexiform  manner, 
and  the  filaments  join  in  brush-like  and  flattened  tufts,  which,  spreading 
out  laterally  and  communicating  freely  with  similar  offsets  on  each 
side,  form  a  fine  network,  with  elongated  and  narrow  intervals  between 
the  points  of  junction. 

In  their  nature  the  olfactory  filaments  differ  much  from  the  ordinary 
dark-bordered  fibres  of  the  cerebral  and  spinal  nerves  :  they  possess 
no  medullary  sheath,  are  pale,  and  finely  granular  in  aspect,  firmly 
adherent  one  to  another,  and  have  oval  corpuscles  on  their  surface 
(fig.  488). 

The  greater  part  of  the  mucous  membrane  of  the  nasal  fossse  is  pro- 
vided also  with  nerves  of  common  sensibility,  derived  from  branches 
of  the  fifth  pair  :  the  distribution  of  these  has  already  been  de- 
scribed. 

Ficr.  488. 


Fig.  438. — Nerve-Fibres  from  the  Olfactory  Mucous  Meiibrane  (Max  Schultze). 
Magnified  between  400  and  500  diameters. 

From  a  branch  of  the  olfactory  nerve  of  the  sheep  ;  at  a,  a,  two  dark  bordered  or  medul- 
lated  fibres,  from  the  fifth  pair,  associated  with  the  pale  olfactory  fibres. 
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EMBRYOLOGY; 

OS,  DEVELOPMENT  OF  THE  FCETUS  AND  ITS  ORGANS. 

It  is  proposed  to  bring  together  in  the  present  Section  a  short  sfcate- 
ment  of  the  manner  in  which  the  parts  of  the  body  originate  in  the 
embryo,  and  acqnire  by  development  in  the  course  of  foetal  life  their 
complete  form  and  structure.  The  collected  facts  bearing  upon  this 
subject  constitute  the  department  of  anatomy  known  as  Embryology, 
Embryological  or  Foetal  Anatomy,  or  Foetal  development, — a  knowledge 
of  which  is  not  only  most  interesting  in  itself,  but  is  also  of  great 
importance  for  the  elucidation  of  adult  human  anatomy  and  the  whole 
science  of  Organic  Morphology. 

Although  much  attention  has  been  given  to  the  structure  of  the 
human  foetus  at  different  periods  of  its  growth,  yet  the  materials  are 
still  wanting  for  a  detailed  history  of  its  early  development ;  accord- 
ingly it  is  necessary  for  further  elucidation  to  have  recourse  to  the 
information  obtained  by  studying  the  process  in  animals.  But  tiiis 
illustration  from  analogy  is  fully  warranted  by  the  general  conformity 
in  the  plan  of  development  which  has  been  ascertained  to  prevail 
among  the  higher  vertebrate  animals,  and  by  the  agreement  with  this 
plan  of  the  more  important  phenomena  which  it  has  been  possible  to 
observe  in  the  human  species.  In, what  follows,  therefore,  while  the 
main  object  will  be  to  state  the  more  important  facts  whicJi  have  been 
ascertained  as  to  the  development  of  the  human  ovum  and  embryo,  the 
history  of  the  phenomena  as  they  occur  in  birds  and  mammals  will 
also  be  referred  to  in  so  far  as  it  tends  to  throw  light  on  human 
embryology. 

1.  THE   OYUM  :    ITS  MATURATION,     FECUNDATION    AND     SEGMENTA- 
TION :     FORMATION   OF   THE   BLASTODERM. 

The  mature  ovarian  ovum, — The  unfecundated  ovarian  ovum 
which  is  approaching  maturity,  and  is  about  to  be  discharged  from  the 
Graafian  follicle  and  pass  into  the  Fallopian  tube,  is  composed  of  the 
following  parts,  viz.  : — 1.  The  firm,  almost  homogeneous  external 
vitelline  memhrane,  which  is  termed  zona  fellmida  in  mammals  ;  2.  The 
yolk  substance  or  vitellus,  a  mass  of  soft  or  semifluid  protoplasmic 
matter,  involving  numerous  grannies  and  oil  globules,  and  containing 
embedded  in  it,  near  the  surface  ;  3.  The  germinal  vesicle,  consisting- 
of  a  spheroidal  delicate  enclosing  membrane  wdth  protoplasmic  fluid 
and  fine  granules  within,  and  containing  in  its  earlier  states  if  not  to 
the  last ;  4.  The  germinal  sjm  or  macula. 

The  ovarian  ovum,  therefore,  may  be  regarded  as  a  complete  organised 
cell,  in  which  the  yolk  forms  the  protoplasmic  contents,  the  germinal 
vesicle  the  nucleus,  and  the  macula  the  nucleolus. 

Distinction  of  the  germ. — In  the  ovum  of  the  mammal  tiie  whole 
yolk-substance  is  so  uniformly  of  the  same  appearance  and  structure 
throughout  that,  but  for  the  presence  of  the  germinal  vesicle,  little  dis- 
tinction can  be  perceived  between  one  pai't  and  another  ;  and^  further;, 
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the  greater  part  of  the  yolk  is  immediately  engaged  in  the  first  or  pre- 
liminary changes  which  precede  the  occurrence  of  embryonic  develop- 
ment. The  whole  yolk-mass,  or  its  greater  part,  is  therefore  directly 
formative  or  germinal,  or,  as  it  has  been  said,  the  ovum  is  JwIoMastic. 

But  in  birds  and  reptiles,  in  which  the  ova  are  comparatively  large, 
the  greater  part  of  the  yolk  forming  the  yellow  yolk  substance,  takes  no 
immediate  part  in  the  first  formative  processes,  and  these  are  restricted 
to  the  small  whitish  flat  disc,  called  the  cicatricula  in  the  fowl's  Qgg, 
which  is  composed  of  fine  granular  protoplasm,  occupies  a  determinate 
place  on  the  surface  of  the  larger  yolk-mass,  and,  so  long  as  the  yolk 
remains  in  the  ovary,  has  the  germinal  vesicle  situated  in  its  centre. 

Fig.  489. — Ovarian  Ovum  of  a  Mam- 
Fig.  489.  MiFER.     "-f 

a,  The  entire  ovum,  viewed  under 
pressure  ;  the  granular  cells  have  been 
removed  from  the  outer  surface,  the 
germinal  vesicle  is  seen  in  the  yolk  sub- 
stance within  ;  h,  the  external  coat  or 
zona  burst  by  increased  pressure,  the 
yolk  protoplasm  and  the  germinal  vesicle 
having  escaped  from  within  ;  c,  germinal 
vesicle  more  freed  from  the  yolk  sub- 
stance.    In   all  of  them  the  macula  is 


^  To  the  part  thus  distinguish- 

able from  the  rest  of  the  yolk 
the  name  of  germ  may  be  given  ; 
and  it  has  also  been  styled  the 
primary  or  germinal  ox  formative,  yolk,  and  the  protoplasm  or  protoblast, 
wiiile  the  remainder  of  the  yolk-substance  has  been  called  the  nutritive 
or  food  ijollc,  the  secondary  yolk  or  deutoplasm.  The  oviparous  ovum 
has  therefore  been  named  merollastic,  or  partially  germinal. 

It  is  not  known  whether  in  the  mammals'  ovum  the  whole  yolk  ought 
to  be  considered  as  purely  germinal,  or  whether,  as  seems  more  pro- 
bable, some  nutritive  yolk  may  not  be  combined  intimately  with  the 
germinal  substance ;  but  even  if  so,  it  is  obvious  that  the  germinal  bears 
a  much  larger  proportion  to  the  nutritive  yolk  than  in  the  bird  or  reptile, 
and,  as  will  appear  more  clearly  hereafter,  there  is  thus  some  founda- 
tion for  the  distinction  between  the  holoblastic  and  the  meroblastic 
forms  of  ova,  although  it  may  be  that  in  different  animals  these  forms 
pass  insensibly  into  one  another. 

In  both  kinds  of  ova,  however,  whether  holoblastic  or  meroblastic,  the 
subsequent  phenomena  of  development  show  that  the  spot  where  the 
organising  process  begins,  occupies  a  determinate  situation  in  the 
ovum,  and  that  the  first  rudiments  of  the  embryo  arrange  themselves 
in  a  determinate  order  round  a  central  point  in  the  germ. 

There  is,  therefore,  in  the  ova  of  birds  and  mammals,  a  part  of  the 
yolk  which  is  more  immediately  gerniinal,  and  a  central  point  of  that 
germ  from  which  development  spreads,  to  which  the  name  of  germinal 
pole  may  be  given.  The  centre  of  the  germ  is  probably  coincident 
with  the  place  last  occupied  by  the  germinal  vesicle. 

Disappearance  of  the  germinal  vesicle. — The  most  marked 
change  in  the  interior  of  the  ovum  which  is  knoAvn  to  accompany  its 
maturation   and  escape  from  the  ovary  is  the  disappearance  of   the 
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germinal  vesicle, — a  lohenomenon  which  occurs  in  all  vertebrates,  and 
in  a  large  proportion  of,  but  probably  not  all  invertebrate  animals.  This 
change  is  independent  of  fecundation.  The  details  of  the  process  have 
not  been  traced  in  mammals,  but  from  various  observations  in  birds 
and  batrachia,  and  more  especially  from  the  recent  minute  researches 
of  Oellacher  in  fishes,  it  follows  that  the  disappearance  of  the  vesicle 
really  depends  on  its  extrusion  from  the  substance  of  the  yolk  in  which 
it  was  imbedded,  and  is  attended  with  the  bursting  or  breaking  down 
of  its  delicate  outer  membrane  ;  so  that  when  the  vesicle  is  thrust  out 
on  the  surface  of  the  yolk,  and  opened  out,  its  fluid  contents  must  be 
efi'used  in  the  space  intervening  between  the  vitelline  membrane  and 
the  surface  of  the  yolk.  The  actual  expulsion  of  the  vesicle  in  the 
trout's  ovum  is  attributed  by  Oellacher  to  the  contractions  of  the  yolk 
protoplasm,  and  the  expulsion  of  the  vesicle  in  this  animal  takes  place 
previous  to  the  rupture  of  its  membrane  and  dispersion  of  its  contents. 
(Archiv.  f.  Mikroscop.  Anat.  vol.  viii.  p.  24.) 

Fig.  490. — Mature  Ovarian  Ovuii  of  the  Ficr.  490. 

Guinea-pig  (from  Bisclioflf. )     ^f 

The  zona  pellucida  is  hidden  by  the  adherent  '<>^    ,  ^ 

cells  of  the  membrana  granulosa,  Avhicb  have  as-  ■■  "Nr  -  ^^ 

sumed  a  pediculated  form  next  its  surface.  The 
finely  granular  yolk  substance  fills  the  cavity  of 
the  zona.     The  germinal  vesicle  has  disappeared. 


The  time  at  which  the  disappearance 
takes  place  seems  to  be  subject  to  some 
variation.  Most  fi*equently  it  is  close 
upon  the  time  of  the  escape  of  the 
ovum  from  the  Graafian  follicle  ;  but 
sometimes  it  is  several  hours  later,  and  ^        ^  '  j'' 

in  other  instances   it  seems  to  occur 
previously  ;  and,  indeed,  in  many  cases 

preparatory  changes  in  the  position,  form,  and  consistence  of  the  vesicle 
have  been  observed  while  the  ovum  was  still  within  the  ovary. 

As  the  mammiferous  ovum  leaves  the  ovary  it  has  still  adhering  to 
its  outer  surface  one  or  two  layers  of  the  cells  belonging  to  that  part 
of  the  tunica  granulosa  with  which  it  was  surrounded  in  the  Graafian 
follicle.  These  cells  assume  towards  the  period  of  maturation  more  or 
less  of  a  pediculated  form  (see  fig.  490),  but  after  one  or  two  days  they 
gradually  fall  away  from  the  surface  of  the  zona,  and  leave  that  mem- 
brane free  in  the  Fallopian  tube. 

Fecundation. — Should  the  ovum  not  be  fecundated  it  is  carried 
down  through  the  female  passages  by  the  ciliary  action  of  the  lining 
membrane,  and  is  lost  by  absorption  or  removal.  But  if  seminal  matter 
is  present  in  the  tubes,  and  the  ovum  is  subjected  to  its  influence  within 
a  due  time,  so  that  fecundation  is  effected,  there  immediately  follows 
the  commencement  of  a  series  of  changes  in  the  yolk  protoplasm, 
which  result  in  the  formation  in  a  determinate  situation  of  a  stratum 
of  organised  cells  constituting  the  laminar  germ  named  the  llastoderm, 
which  is  the  seat  of  all  subsequent  processes  of  development  in  the 
ovum. 

The  encounter  of  the  ovum  with  the  seminal  filaments  or  sperma- 
tozoa generally  takes  place  in  the  upper  part  of  the  Fallopian  tube  or 
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oviduct,  and  it  is  now  ascertained  that  the  spermatozoa  not  only  adhere 
in  numbers  to  the  external  surface  of  the  OYum,  but  actually  penetrate 
through  the  zona,  so  as  to  come  in  contact  with  and  possibly  also  com- 
bine with  the  substance  of  the  yolk  (see  figs.  491,  492,  and  493).  We 
are,  however,  entirely  ignorant  of  the  nature  of  the  operation  of  the 
spermatozoa  upon  the  substance  of  the  germ.  The  shrivelled  remains 
of  these  particles  are  seen  for  days  adherent  to  the  ova,  and  even  in  the 
substance  of  the  germ,  and  though  doubtless  they  at  last  disappear,  it 
has  not  been  determined  whether  this  is  by  combination  of  their  sub- 
stance with  that  of  the  germ  or  in  what  other  way  the  mutual  or 
reciprocal  action  of  the  male  and  female  generative  elements  may 
take  place. 

The  fact  remains  as  one  of  the  most  remarkable  in  the  whole  range 
of  biological  phenomena,  that  by  the  contact  of  an  inappreciable  amount 
of  the  male  product  with  the  germinal  material  of  the  ovum,  the  latter 
passes  from  an  apparently  inert  condition  into  one  of  genetic  activity, 

Fig.  491. 

Fig.  491. — Ovum  of  thk  Rabbit  feoji  the 
Fallopian  Tube,  twelve  hours  after  Im- 
pregnation (from  Bischoff).     -f" 

A  few  granular  cells  adhere  to  the  outer  surface 
of  the  zona,  in  which  and  in  the  zona  itself  sper- 
matozoa are  seen  ;  a,  zona ;  h,  two  hyaline  globules 
within  the  cavity  left  by  the  shrinking  of  the  yolk. 

the  ultimate  result  of  which  is  the  ac- 
complishment of  a  series  of  the  most  com- 
plicated phenomena  of  organic  formation 
and  growth,  giving  rise  to  a  new  being, 
which,  while  it  may  be  of  either  sex, 
repeats  in  all  respects  the  characters  of  the  species,  and  may  inherit  in 
a  greater  or  less  degree  the  minutest  peculiarities,  whether  structural 
or  functional,  of  either  or  of  both  its  parents. 

There  are  t'u^o  chang-es  following  impregnation  vi'hicli  have  been  observed  in 
the  mammal's  ovum,  and  which  are  deserving  of  notice,  though  their  import  is  not 
yet  known.  One  of  these  changes  consists  in  a  certain  contraction  or  diminu- 
tion in  the  size,  and  an  increase  in  the  apparent  compactness  or  firmness  of  the 
mass  of  the  yolk,  so  that  a  larger  space  than  before,  filled  "wath  clear  fluid, 
comes  to  intervene  between  the  yolk  and  the  surrounding  zona.  The  other 
change  referred  to  is  the  appearance  in  this  space  of  one,  or  most  frequently 
two,  and  occasionally  of  three,  clear  or  hyaline  spherules,  which  are  easily  dis- 
tinguished from  the  surrounding  fluid  by  their  peculiar  highly  refracting  out- 
line (Quatrefages,  Ed.  Van  Beneden,  Bischoff).  These  spherules  are  of  variable 
size,  but  generally  their  diameter  is  from  one-tenth  to  one-fifteenth  of  that  of 
the  mammal's  ovum  (fig.  491,  h,  and  492,  A).  They  are  perfectly  hyaline  and 
homogeneous  and  do  not  appear  to  possess  any  external  envelope.  They  remain 
visible  for  some  days  during  the  early  phases  of  yolk-segmentation,  about  to  be 
described,  and  hence  by  some  they  have  been  named  segmentaiion  globules. 
Their  source  and  destination,  however,  are  entirely  unknown. 

Segmentation  of  the  yolk  or  germ. — After  the  disappearance  of 
the  germinal  vesicle  the  germinal  part  of  the  yolk  constitutes  for  a 
time  a  non-nucleated  mass  of  protoplasm  ;  and  if  then  subjected  to  the 
influence  of  fecundation  it  undergoes  the  change  of  segmentation,  which 
results  in  the  conversion  of  the  germ  or  germinal  jaart  of  the  yolk  into 
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a  layer  of  organised  cells.  This  new  organised  structure,  the  blasto- 
derm of  Pander,  is  the  future  seat  of  embryonic  development. 

A  segmenting  process  of  this  kind  is  universal  throughout  anmials  as 
a  prelude  to  the  commencement  of  embryonic  development ;  but  it 
differs  greatly  in  its  extent,  and  somewhat  also  in  its  nature,  according 
to  the  proportional  relation  of  the  directly  germinal  to  the  nutritive 
components  of  the  yolk  in  different  classes  of  animals.  Thus  in  mam- 
mals, the  process  of  cleavage  appears  Lo  be  complete,  or  to  involve 
the  whole  mass  of  the  yolk  protoplasm,  with  which  the  germ  is 
coextensive,  at  least  in  the  first  steps  of  the  process ;  while  in  the  bird's 
egg,  which  is  pre-eminently  meroNasfic,  the  segmentation  is  restricted 
in  the  first  instance  to  the  disc  of  the  cicatricula,  and  the  great  mass 
of  the  yolk  substance  takes  no  share  in  the  change. 

In  intermediate  forms  of  ova,  as  in  amphibia  and  osseous  fishes  the 
segmenting  division  extends  to  a  greater  or  less  width  over  the  yolk, 

Fi-.  492. 


Fig.  192. — Ova  OF  THE  IvABBiT  uxdeiigoiitg  Segmentation  in  their  descent  throtoh 
THE  Fallopian  Tube.     (From  Bischoff.)     -f 

A,  the  oviim  from  the  middle  part  of  the  tube  twelve  or  fifteen  hours  after  impreg- 
nation, the  germinal  vesicle  has  disappeared,  the  yolk  is  contracted,  and  two  hyaline 
glolrales  are  seen  in  the  cavity  between  it  and  the  zona  ;  rotation  of  the  yolk  took  place 
in  the  direction  of  the  aiTows  ;  B,  ovum  a  little  more  advanced,  the  first  segmentation  has 
taken  place,  a  clear  globule  or  nucleus  is  seen  in  both  the  yolk  spheres  :  spermatozoa 
adhere  everywhere  to  the  zona  ;  C,  an  ovum  four  hours  later  than  that  shown  in  B,  the 
second  segmentation  has  taken  place  ;  D,  ovum  from  the  lower  part  of  the  tube  in  which 
the  third  stage  of  segmentation  is  completed,  and  eight  yolk  spheres  are  formed,  the 
albuminous  covering  is  increased  in  thickness  :  diameter  of  the  whole,  ^^^th  of  an  inch. 
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just  in  proportion  to  the  respective  limits  of  the  germinal  and  nutritive 
parts  of  the  yolk ;  but  always  affecting  first  the  germinal  part,  and 
extending  subsequently  outwards  from  the  germinal  pole  as  a  centre. 

The  process  of  segmentation  has  not  been  seen  in  the  human  subject, 
for  the  human  ovum  has  not  yet  been  detected  in  the  progress  of  its 
descent  through  the  Fallopian  tubes  ;  but  the  phenomena  have  been 
observed  with  care  by  BischofiF  and  others  in  a  variety  of  mammi- 
ferous  animals,  and  as  no  important  differences  have  been  found  to 
occur  among  them,  there  is  no  reason  to  doubt  the  similarity  of  the 
process  in  man.  The  yolk  cleavage  sets  in  within  a  few  hours  of  the 
entrance  of  the  mammiferous  ovum  into  the  tube,  and  continues  to  pro- 
gress regularly  during  its  descent  towards  the  uterus,  soon  after  its 
arrival  in  which  the  process  is  completed.  The  duration  of  this  varies 
in  different  animals,  being  not  more  than  from  three  to  four  days  in  the 
rabbit,  in  which  it  is  the  shortest  known,  and  extending  to  from  seven 
to  eight  days  in  the  dog.  It  probably  occupies  not  less  than  eight  days 
in  the  human  subject. 

In  the  bird's  egg  the  segmentation  of  the  cicatricula  is  accomplished 
between  the  time  of  the  entrance  of  the  yolk  into  the  oviduct  and  that 
of  its  being  laid  with  its  albuminous,  membranous,  and  shell  coverings, 
which  may  vary  from  16  or  20  to  24  or  30  hours  ;  and  there  may  be 
some  difference  in  the  degree  of  completeness  of  the  segmenting  pro- 
cess at  the  time  of  the  exclusion  of  the  egg,  according  to  the  time  the 
egg  has  taken  to  pass  through  the  oviduct,  the  season  of  the  year,  and 
other  circumstances. 


Fig.  493.  Fig.  493.— Ovum  of  the   Rabbit 

SIXTY-EIGHT     HOURS    AFTER    IM- 
PREGNATION   (AUeu    Thomson). 

250 

1  • 

This  ovtim  is  probably  in  the 
sixth  stage  of  segmentation.  Sper- 
matozoa were  observed  within  the 
zona,  z,  the  zona  ;  a,  the  thick 
layer  of  albumen  peculiar  to  the 
rabbit's  ovum  at  this  stage. 


a.  Segmentation  of  the 
mammal's  ovum. — This  pro- 
cess may  be  shortly  de- 
scribed as  follows  : — First 
the  whole  mass  of  yolk- 
protoplasm,  contracted  as 
before  mentioned,  splits  into 
two  somewhat  ovoid  or  el- 
lipsoid masses,  by  the  for- 
mation of  a  fissure  which 
begins  on  the  surface  and 
speedily  runs  through  the 
whole  thickness  of  the  yolk 
(fig.  492,  b).  ^  The  two  masses  so  formed  lie  somewhat  pressed  together 
within  the  vitelline  membrane;  each  mass  presenting  nearly  the  same 
appearance  and  structure  as  the  whole  yolk  did  previous  to  its  cleavage. 
But  as  soon  as  this  change  has  taken  place,  and  according  to  some 
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observers  even  previous  to  its  commencement,  there  may  be  seen  within 
each  mass  a  small  clear  space  similar  to  a  nucleus.  To  these  precursors 
of  nuclei  the  name  of  ilasfide  has  been  given. 

In  the  next  stage  each  of  the  two  first  segments  becomes  cleft  so 
as  now  to  form  four  (c),  each  one  of  these  having  its  clear  spherule  or 
nucleus  within  ;  a  third  division  resolves  the  masses  into  eight,  of  like 
composition  with  those  which  preceded  them  (d),  the  segments  becoming 
of  less  and  less  size  in  successive  stages,  as  meanwhile  the  bulk  of  the 
ovum  as  a  whole  undergoes  little  increase.  The  fourth  stage  ends  in  a 
division  into  16  segments,  the  fifth  into  32,  the  sixth  into  64  (lig.  493),  the 
seventh  into  138,  and  the  eighth  into  256  (fig.  494).  But  it  is  right  here 
to  observe  that  while  it  is  possible  in  the  earlier  stages  to  trace  the 
reduplication  of  individual  masses  so  that  the  succession  of  their 
numbers,  when  the  division  is  complete  in  each  stage,  follows  in  the 
series  of  the  multiples  of  two,  yet,  as  the  division  of  the  different  masses 
in  any  stage  is  not  simultaneous,  other  and  as  they  might  be  termed 
irregular  numbers  may  be  observed,  especially  in  the  earlier  intervals  of 
division  ;  as  for  example,  three  between  the  first  and  second  stage,  or 
five,  six,  or  seven  masses  between  the  second  and  third,  and  so  on. 
In  the  more  advanced  stages,  from  the  great  increase  in  number,  it 
becomes  almost  impossible  to  follow  the  division  of  individual  masses. 

It  is  also  deserving  of  notice  that  while  the  earlier  clefts  seem  to 
pass  right  through  the  yolk  and  its  first  segments,  so  as  to  involve 
in  the  first  four  or  five  stages  the  whole  mass  of  the  yolk,  in  the  later 
stages  they  do  not  do  so,  and  the  process  seems  to  be  in  so  far  dif- 
erent,  that  the  segmenting  spheres  come  to  be  collected  on  the  surface, 
and  a  mass  of  unsegmented  granular  and  semi-fluid  protoplasm  or 
yolk  substance  remains  within.  However  this  may  be  effected,  it  is 
certain  that  the  later  division  involves  only  the  superficial  set  of 
spherules,  and  when  the  process  is  completed,  the  yolk  mass  comes 
thus  to  be  covered  by  a  layer  of  these  protoplasmic  spherules  or  segment 
globules,  each  of  which  possesses  a  nucleus  and  may  after  a  time  also 
acquire  an  external  envelope,  so  as  to  present  in  all  respects  the  features 
of  a  fully  formed  organised  cell.  (See  the  account  of  the  histological 
relations  of  these  spherules  in  the  General  Anatomy,  p.  9). 

Fig.  494.— OrzJM    op    the    Rabbit    from    the  Fig,  494. 

Uterus,     (from  KoUiker  after  Bischoff).     ^f 

The  whole  surface  of  the  yolk  is  now  divided 
into  cellular  compartments.  A  dark  spot  below 
marks  the  position  of  a  quantity  of  granular 
spheres  inside  the  cellular  elements  of  the 
blastoderm,  a,  the  albuminous  layer,  now  much 
thinned  out  and_  incorporated  with  the  zona  ;  b, 
the  cells  of  the  outer  layer  of  the  blastoderm 
resulting  from  segmentation  ;  o,  the  spot  of  granu- 
lar opaque  spheres. 

h.  Scgmeniatio7i  in  the  bird's  ovum. — 
In  the  ova  of  birds  the  segmenting  pro- 
cess is  somewhat  different  from  that 
now    described    in    mammals,    seeing 

that  it  is  restricted  to  the  germinal  disc   or   cioatricula.     From   the 
researches  of  Coste  and  several  concurrent  observations  it  appears  that 
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the  first  division  is  effected  by  a  groove  or  fissure  whicli  passes  through 
the  thicliiiess  of  the  germinal  disc,  having  probably  a  direction  at  right 
angles  to  the  long  axis  of  the  egg.  This  is  crossed  by  a  second  fissure  so 
as  to  divide  the  disc  into  four  parts  near  the  centre.  A  third  cleavage 
or  fissuring  is  still  of  the  same  radial  character,  dividing  the  disc 
into  eight  parts  or  sections  ;  but  this  is  succeeded  by  another  iu 
a  difPerent  direction,  which  may  be  named  concentric,  and  which  has 
the  effect  of  separating  from  the  rest  those  parts  of  the  radial  segments 
of  the  disc  which  are  next  to  the  germinal  centre  :  a  subsequent 
alternating  succession  of  radial  and  concentric  fissures  ends  by  dividing 
the  whole  disc  into  organised  nucleated  cells  of  a  similar  kind  with  those 
by  which  the  whole  of  the  mammiferous  yolk  becomes  covered.  A  third 
set  of  fissures,  which  may  be  termed  horizontal,  must  also  occur  to  com- 
plete the  separation  of  the  segmented  masses  from  the  subjacent 
material.  In  this  manner  the  germinal  disc  or  cicatricnla  of  the  bird's 
egg  has  already,  before  the  commencement  of  incubation,  that  is,  during 
its  descent  through  the  oviduct  and  previous  to  being  laid,  been  con 
verted  by  the  organising  process  of  segmentation  into  the  layer  of  cells 
which  constitutes  the  blastoderm.  The  cicatricula  of  the  laid  egg  is 
therefore  of  quite  a  difPerent  structure  from  that  of  the  ovarian  ovum, 
though  occupying  the  same  place  and  presenting  much  the  same  ap- 
pearance to  the  unassisted  eye.  This  layer  appears  to  be  double  from 
the  first  in  the  bird's  egg,  or  to  consist  of  two  strata  of  cells,  differing 
somewhat  in  their  character. 
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Fig.  495. — Cicatricula  of  the 
Bikd's  Eaa. 

A,  diagrammatic  section 
through  the  cicatricula  of  a 
newly  laid  egg  ;  a,  vitelline 
membrane  ;  h,  segmented  germ 
disc  ;  c,  below  this  the  germ 
cavity  ;  d,  the  yolk  cavity  with- 
in the  white  yolk  ;  e,  e,  the 
yellow  yolk  substance. 

B,  view  from  above  of  the 
cicatricular  or  germ  disc  of  a 
newly  laid  impregnated  egg  in 
which  segmentation  has  been 
complete.  The  opaque  area  is 
seen  surrounding  the  central 
transparent  area. 

C,  cicatricula  of  an  tmim- 
pregnated  hen's  egg,  showing 
the  vacuolar  structure  produced 
by  incomplete  segmentation. 


In  this  process  there  is  much  which  is  obscure  and  still  imperfectly 
known,  and  much  to  excite  our  curiosity.  The  source  of  the  first 
segment  nucleus  has  not  been  discovered,  nor  is  it  known  whether  or 
in  what  way  it  may  be  related  to  the  dispersed  contents  of  the  germinal 
vesicle  or  to  its  macula,  and  we  are  equally  in  the  dark  as  to  what  may 
be  the  influence  of  the  spermatic  element  upon  the  germ,  and  what  the 
forces  by  which  the  cleavage  and  the  formation  of  the  multiplying 
spheres  are  brought  about. 

Contractile  and  other  movements  in  the  germ. — With  respect  to  the  last 
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mentioned  topic  it  may  be  remarked  that  certain  heaving  and  rotatory  motions 
which  have  been  observed  by  several  embryologists  immediately  before  and  dur- 
ing- the  occuiTence  of  the  cleavage,  indicate  the  play  of  contractile  and  it  may 
be  of  other  forces  within  the  protoplasm  ;  and  these  forces  have  been  supposed  to 
have  some  relation  to  the  nucleus.  Recent  observations  by  Flemming  in  the 
ovum  of  Anodonta,  of  OeUacher  in  that  of  the  trout,  and  of  Goette  in  the  toad, 
seem  to  show  that  there  is  some  stiaictiu-al  condition  related  to  the  process  of 
division  which  may  have  a  connection  with  its  occuixence  ;  for  in  the  eggs  of 
these  animals  the  space  within  the  domain  of  each  segment  sphere  about  to  be 
foiTued  is  occupied  by  fine  filaments  radiating  from  the  centre  towards  the 
circumference,  and  preceding  the  formation  of  the  clear  nuclear  space  within. 
It  is  probable  that  the  hyahne  globules  may  be  the  result  of  the  first  yolk 
contraction. 

Secondary  Segmentation. — The  segmenting  process  previously  described 
may  be  called  jn-i ma}'!/,  for  it  is  not  yet  ascertained  in  how  far  the  whole  of  the 
blastodenn,  considered  as  the  organised  substratum  for  the  development  of  the 
new  being,  owes  its  origin  directly  to  the  first  process  of  germ  segmentation, 
or  to  what  extent  a  later  process  of  an  analogous  kind  may  contribute  to  the 
formation  of  some  of  its  deeper  elements.  The  most  recent  observations,  such  as 
those  of  OeUacher  and  Goette  on  the  egg  of  the  bird,  of  Ray  Lankester  on  the 
ova  of  Cephalopoda,  and  of  Balfour  on  that  of  sharks,  would  tend  to  support  the 
view  that  in  meroblastic  ova  at  least,  the  process  of  segmentation,  considered  as 
one  of  conversion  of  the  yolk  into  blastodermic  elements,  is  not  completed  in 
the  first  series  of  such  divisions,  but  continues  to  take  place  in  a  modified  form 
for  some  time  aftei-wards,  thus  extending  the  blastoderm  over  the  surface  of  the 
yolk  more  and  more  by  the  addition  of  newly  acquired  elements.  These  elements 
appear  to  be  foiTued  from  new  centres  of  cell  organisation  external  to  the  limits 
of  the  germinal  part  of  the  ovum,  by  what  may  be  called  a  ijrocess  of  free  cell 
formation,  and  to  contribute  mainly  to  the  production  of  the  deeper  part  of  the 
blastoderm.  (Ray  Lankester  in  Ann.  &  Mag.  of  Xat.  Hist.,  1873,  p.  81,  and  F.M. 
Balfour  in  Joum.  of  Microscop.  Science,  July,  1873  and  1874  ;  Goette  in  Archiv. 
fiir  Mikroskop.  Anat.,  vol.  x.,  lS7i.) 

Partial  segmentation  in  unfecundated  ova. — It  is  proper  further  to  state 
that  although  the  process  of  segmentation  as  now  described  is  the  necessary 
preliminary  to  the  formation  of  the  blastoderm  and  is  only  complete  in  ova 
which  have  been  perfectlj^  fecundated,  yet  an  imperfect  or  partial  kind  of 
segmentation  has  been  found  also  to  occur  in  unfecundated  ova.  This  has  now 
been  observed  in  a  variety  of  animals,  such  as  moUusca,  fishes,  batrachia,  and 
also  in  the  mammiferous  o-vtim  (see  Bischoff,  Ann.  d.  Sc.  Nat.  184i.  and  Mliller's 
Archiv.  1847  ;  Leuckart,  article  "  Zeug-ung "  in  Wagner's  Handworterbuch  der 
Physiol.,  1852).  OeUacher  has  recently  investigated  these  phenomena  with 
care  in  the  egg  of  the  fowl,  from  which  it  appears  certain  that  some  degree  of 
segmentation  of  the  germ  does  occur  in  unfecundated  ova,  but  that  it  is  of  an 
irregular  and  incomplete  kind  as  compared  with  that  which  follows  impregnation, 
that  it  never  goes  on  to  the  foi-mation  of  a  complete  cellular  blastoderm,  and  that 
although  some  of  the  earlier  stages  of  segmentation  are  gone  through  and  the 
germ  is  to  some  extent  divided  into  segment  areas,  yet  these  are  afterwards 
broken  up  by  vacuoles  and  other  unnatui-al  processes  of  development,  and  no 
true  blastodermic  layer  of  ceUs  is  formed  (fig.  495,  c).  Enough,  however,  has 
been  seen  to  show  that  some  formative  power  resides  in  the  geiininal  part  of 
the  yolk  independently  of  the  concurrence  of  the  male  element.  It  is  not 
improbable  that  this  segmentation  in  unfecundated  ova  may  occur  to  a  greater 
extent  in  the  lower  than  in  the  higher  animals. 

2.     THE    BLASTODERM  ;    ITS    STBXJCTURE    AND   RELATION    TO    THE 
DEVELOPMENT  OF    THE    EMBRYO. 

Position  and  extent. — It  has  already  been  stated  that  in  the  bird's 
egg  the  result  of  segmentation  is  the  conversion  of  the  germinal  disc 
into  an  organised  cellular  blastoderm,  which,  from  the  time  of  its  first 
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formation,  and  before  any  incubation  has  taken  place,  already  consists 
of  two  layers  of  cellular  elements  (fig.  496,  s  and  d). 

These  two  layers  differ  considerably.  The  cells  of  the  npper  layer 
are  of  smaller  diameter,  abont  tj^Vo"?  more  compactly  laid  together,  so 
as  to  be  slightly  compressed,  and  shortly  prismatic,  and  are  all  provided 
with  distinct  nuclei.  Those  of  the  lower  layer  are  of  somewhat  larger 
size,  and  of  a  more  granular  aspect,  so  as  to  hide  the  nucleus,  which 
appears,  however,  to  exist  in  the  greater  number,  and  the  whole  of 
these  cells  are  rather  scattered  in  reticular  groups  than  united  into  a 
distinct  and  consistent  layer  (His).  Below  this  layer  there  is  a  narrow 
space  occupied  by  clear  fluid  between  the  germ  and  the  surface  of  the 
white  yolk,  to  which  the  name  of  suhgerminal  cavity  is  given,  and  in 
this  space  a  number  of  granular  spheres  or  formative  cells  are  found, 
somewhat  similar  to  the  cells  of  the  lower  layer. 

Fiir.  496. 


Fig.   496. — Microscopic  view  op  a  vertical   section  through  half  the  Blasto- 
derm OF  A  newly-laid  Egg.     (From  Strieker),     -f" 

S,  upper  layer  of  small  nucleated  cells  ;  D,  lower  layer  of  larger  granular  cells  ;  M, 
segment  spherules  lying  in  the  siibgerminal  cavity ;  A,  substance  of  the  white  yolk 
below  the  germ. 

In  mammals,  too,  it  would  appear  from  the  observations  of  BischofP, 
Coste,  Eeichert,  and  others,  that  the  blastoderm  which  covers  the  yolk 
after  the  completion  of  segmentation,  though  not  double  from  the 
first,  comes  soon  to  consist  of  two  layei'S.  The  exact  tim.e  and  mode  of 
the  appearance  of  a  second  layer  are,  however,  still  imperfectl}^  known  : 
and,  from  the  difficulty  belonging  to  the  question  of  secondary  seg- 
mentation in  the  deeper  part  of  the  yolk  previously  adverted  to,  it 
may  be  doubtful  how  far  the  whole  blastoderm  of  mam.mals  is  to  be 
regarded  as  the  direct  product  of  a  primary  segmentation,  or  a  part 
of  it  is  due  to  a  later  organising  process. 

There  is,  however,  a  great  difference  in  the  relation  of  the  primi- 
tive blastoderm  to  the  rest  of  the  ovum  in  birds  and  in  mammals.  In  the 
former,  as  already  stated,  previous  to  incubation,  this  organised  cellular 
disc  covers  only  a  very  limited  part  of  the  surface  of  the  yolk,  while 
in  mammals  it  completely  surrounds  the  yolk  from  the  first,  and  thus 
constitutes  the  vesicular  ilastoderm  of  Coste,  Eeichert,  and  other  authors. 

From  the  first  the  blastodermal  disc  of  birds  shows  a  difference  in 
its  centra]  and  peripheral  parts,  the  former  being  thinner  and  more 
transparent,  and  thus  forming  the  so-called  transparent  area,  the  latter 
being  thicker  and  more  opaque,  is  the  opaque  area.  But  in  mammals 
the  central  portion  of  the  primitive  blastoderm  presents  no  defined 
transparent  area,  and  differs  chiefly  at  first  from  the  rest  by  its  greater 
thickness,  and  it  is  by  later  changes  accompanying  development  that 
there  arises  a  thickened  opaque  disc,  the  emljryomd  spot  of  Coste,  and 
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that  still  later  in  this  disc,  when  expanded  and  altered  in  shape,  there 
is  formed  the  first  trace  of  the  embryo.  The  same  distinction,  how- 
ever, as  in  birds,  appears  in  the  end  between  a  transparent  or  embryonal 
area,  and  an  opaque  peripheral  area,  a  part  of  which  is  occupied  by 
the  vessels  of  the  first  circulation. 

In  birds  the  blastoderm  spreads  itself  rapidly  during  the  first  stages 
of  incubation  by  cell-multiplication  over  the  sm-face  of  the  yolk,  until 
at  last  the  whole  is  covered  by  its  layers ;  but  in  mammals,  as  the 
yolk  is  still  of  comparatively  small  size  after  segmentation  is  complete, 
but  undergoes  soon  afterwards  A^ery  rapid  and  great  enlargement,  and 
as  it  is  completely  covered  by  the  primitive  blastoderm,  it  is  obvious 
that  that  membrane  must  undergo  corresponding  extension,  not  by 
marginal,  but  by  interstitial  cellular  multiplication. 

Trilaminar  strvicture. — The  bilaminar  blastoderm  which  results 
directly  from  segmentation  soon  undergoes  farther  changes,  by  which  a 
third  most  important  element  is  introduced  into  its  composition,  so 
that,  at  an  early  period  of  development  and  previous  to  the  actual 
formation  of  any  part  of  the  embryo,  it  is  found  to  consist  of  three 
layers  of  cellular  elements,  placed  one  above  the  other.  These  layers 
may,  from  their  relative  position  on  the  yolk,  be  named  the  outer, 
middle,  and  inner  blastodermic  membranes,  ectoderm,  mesoderm,  and 
endoderm,  or,  following  the  nomenclature  of  Foster  and  Balfour,  ejnhlast, 
jnesotJast,  and  hypotlast,  the  upper,  middle,  and  lower  germs  ;  and  the 
ovum  of  birds  and  mammals  may  thus,  along  with  that  of  a  consider- 
able number  of  animals,  be  styled  triploUasfic. 

The  origin  of  the  middle  layer  is  still  involved  in  some  obscurity. 
By  one  set  of  observers  it  is  considered  to  be  most  closely  connected 
with  the  original  lower  layer,  and  while  the  original  upper  layer  of 
the  primitive  bilaminar  blastoderm  remains  undivided,  constituting 
the  ejjiblast,  the  looser  substance  of  the  original  lower  layer  undergoes 
a  differentiating  change,  by  which  there  is  separated  from  its  under 
part  a  thin  lamina  of  flattened  united  cells  to  form  the  liypoMast,  while 
the  remaining  portion,  with  rounded  cells  of  a  different  structure, 
becomes  distinct  superiorly,  and  accumulates  between  the  upper  and 
lower  layers,  especially  towards  the  centre,  to  form  the  foundation  of 
the  mesoblast  which  according  to  this  view  would  result,  like  the 
epiblast  and  hypoblast,  from  the  primary  segmentation.  But  by  other 
embryologists,  it  is  held  that  a  part,  if  not  the  whole,  of  the  mesoblast 
proceeds  from  a  secondary  process  of  segmentation  or  cell  formation 
occurring  below  the  original  blastoderm ;  and  farther,  that  the  new 
cells  which  thus  give  rise  to  the  mesoblast  are  carried  from  below 
towards  the  place  where  they  form  that  layer  by  migratory  movements, 
the  nature  of  which  is  not  yet  understood. 

Leaving  the  question  of  the  origin  of  the  middle  layer  for  farther 
remark  hereafter,  we  shall  here  state  in  the  shortest  and  most  general 
terms  the  relation  ascertained  to  subsist  between  the  three  several 
constituents  of  the  organised  germ  and  the  origin  of  the  rudiments  of 
the  embryo  and  other  parts  developed  from  the  ovum.  In  doing  so,  if 
allowance  be  made  for  the  differences  previously  noted,  the  same 
description  may  apply  to  the  fundamental  formative  processes  of  birds 
and  of  mammals. 

Relation  of  the  Layers  to  Development. — With  respect  to  the 
histogenetic  changes  which  accompany  the  conversion  of  parts  of  the 
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blastoderm  into  the  several  organs  and  textures,  the  reader  is  referred 
to  the  various  parts  of  the  section  on  General  Anatomy  in  -which  the 
development  of  the  textures  is  treated  of.  Here  it  is  enough  to  state, 
that  in  the  upper  layer  or  epiblast  of  the  bird's  ovum  it  is  mainly 
by  endogenous  cell-multiplication  that  the  increase  of  substance  and 
extension  of  area  is  effected  ;  that  in  the  lower  layer,  there  is,  accord- 
ing to  Foster  and  Balfour,  continued  conversion  of  the  cells  of  the 
white  yolk  into  those  of  the  hypoblast ;  and  that  in  the  mesoblast 
there  is  prolonged  addition  of  cellular  elements  by  new  production  of 
formative  cells  from  below  the  germ  ;  and  further,  that  in  all  the  three 
layers  it  is  mainly  by  internal  differentiation  of  the  various  groups  of 
the  cells  so  formed  that  are  produced  the  different  kinds  of  formative 
bases,  or  initial  deposits,  whether  cellular  or  extra -cellular,  which  are 
converted  by  farther  changes  into  the  rudiments  of  the  several  organs 
and  textures  of  the  animal  body  or  its  fcetal  appendages.  But,  while 
the  formative  processes  consist  essentially  in  minute  histogenetic 
changes,  they  are  also  accompanied  by  changes  of  form  which  are 
more  obvious.  Thus  the  folding  or  inflection  of  certain  of  the 
layers  of  the  blastoderm  which  brings  about  the  enclosure  of  the 
visceral  cavity  of  the  body,  or  that  which  accompanies  the  formation 
of  the  amnion  ;  the  progressive  rising  of  the  dorsal  laminge  and  their 
final  union,  which  attends  the  closure  of  the  canal  for  the  brain  and 
spinal  cord ;  the  increased  accumulation  of  formative  cells  in  one  place 
leading  to  growth  and  increase,  and  their  diminution  or  removal  in 
others  leading  to  atrophy  ;  the  fusion  of  certain  membranes  or  masses 
of  tissue  uniting  parts ,  which  were  previously  separate,  and  the  fission 
or  solution  of  continuity  between  other  masses  producing  their  separa- 
tion ;  the  excavation  of  one  set  of  hollows  and  the  obliteration  of 
others,  as  in  the  case  of  blood-vessels  and  ducts, — are  only  a  few 
examples  of  developmental  changes,  which  are  dependent,  no  doubt, 
more  immediately  on  textural  differentiation,  but  which  indicate  different 
forms  and  modes  in  which  the  constructive  processes  are  brought 
about. 

The  following  is  the  general  relation  of  the  several  germinal  layers 
to  the  production  of  different  systems  and  organs  of  the  embryo  and  its 
accessory  parts  in  so  far  as  yet  discovered. 

1.  From  the  epihlast  proceed  the  epidermis  and  its  appendages,  the 
great  nervous  centres,  and  the  principal  parts  of  the  eye,  ear,  and 
nose;  one  layer  of  the  amnion  and  yolk-sac,  and  in  mammals,  probably 
the  outer  layer  of  the  permanent  chorion. 

2.  From  the  hjjpoMast  proceed  the  epithelial  lining  of  the  whole 
alimentary  canal  (excepting  that  of  the  mouth),  and  of  the  lungs,  the 
epithelial  lining  of  the  ducts  of  the  glands  connected  v/ith  the  ali- 
mentary canal,  and  also  the  deep  layer  of  the  yolk-sac  and  allantois. 

3.  From  the  mesohlast  proceed  in  general  all  the  parts  of  the 
skeleton,  the  muscles,  fasciae,  and  tendons,  the  peripheral  nerves,  the 
true  skin,  the  connective  tissue,  the  vascular  system  and  blood,  the 
muscular  and  fibrous  coats  of  the  alimentary  canal  and  all  other 
visceral  passages,  the  serous  membranes,  the  parenchyma  of  many 
glands,  and  the  geni to-urinary  system,  together  with  the  outer  layer 
of  the  amnion,  the  vascular  layers  of  the  yolk-sac,  the  allantois  and 
the  chorion,  and  the  foetal  part  of  the  placenta. 

The  mesoblast  does  not,  however,  serve  as  the  basis  of  these  very 
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Tarior.s  parts  iiidifferentl}"  or  equally  througiiout  its  whole  extent,  but 
in  the  following  divisions,  viz.,  First,  by  a  central  mesial  or  axial  part, 
out  of  which  proceed  the  rudiments  of  the  protovertebral  segments  of 
the  body  ;  and,  Second,  by  two  lateral  parts  which  undergo  subdivision 
into  an  upper  and  lower  lamina,  the  first  of  these  subdivisions  contain- 
ing the  rudiments  mainly  of  volunto-motory  parts,  the  walls  of  the 
body,  or  somato-iplcural  dements  ;  and  the  second  forming  the  involunto- 
motory  parts,  as  in  the  walls  of  the  alimentary  canal,  heart,  &c.,  or 
splanchno-pleural  elements  :  the  space  formed  by  the  separation  of  these 
two  sets  of  parts  is  the  visceral  or  pleuro-iKntoneal  cavitij. 

Fi-om  the  foregoing  enumeration  of  the  several  parts  of  the  embryo 
which  are  traceable  in  their  origin  to  one  or  other  of  the  layers  of 
the  blastoderm,  it  must  not  be  inferred  that  these  initial  elements 
remain  each  distinct  or  separate  from  the  rest,  while  undergoing 
the  formative  changes  of  conversion.  Some  of  them,  doubtless,  do 
maintain  their  independence  in  a  remarkable  degree,  as  is  the  case 
with  most  of  the  parts  derived  from  the  hypoblast,  and  some  of  those 
fi'om  the  epiblast ;  but  in  the  case  of  parts  proceeding  from  the  meso- 
blast,  this  independence  is  in  a  great  measure  lost ;  and  notwith- 
standing the  original  separation,  we  see,  especially  in  the  vascular  and 
nervous  systems  and  in  the  connective  ti-ssue,  that  in  the  course  of  their 
farther  development,  there  is  a  great  amomit  of  spreading  of  one  into 
the  other  sets  of  the  blastodermic  elements. 

Discovery  of  the  Blastodermic  Elements. — "We  owe  to  C.  F.  WolfE,  as  de- 
scribed in  his  Theoria  Generationis,  published  in  1759,  the  first  proof  derived  from 
observation  of  the  actual  new  formation  of,  the  organs  of  the  embryo  (epi- 
genesis)  from  the  simple  granular  (cellular)  elements  of  the  jolb,  and  to  a  later 
work  of  the  same  author  (On  the  Formation  of  the  Intestitie,  which  originally 
appeared  in  1769,  and  was  republished  in.  German  by  J.  F.  Meckel  in.  1812)  the  first 
suggestion  of  the  laminar  constitution  of  the  germ.  The  full  discovery,  how- 
ever, of  the  three  layers  of  the  blastoderm,  and  especially  their  relation  to  the 
development  of  the  organs  and  systems  of  the  embryo,  was,  under  the  influence 
of  DoeHinger's  teaching  at  Wurzburg,  the  work  of  Pander,  and  was  first  published 
in  his  inaugiu'al  dissertation  at  that  University  in  1817.  The  segTaentation  of 
the  yolk,  noticed  by  Swammerdam  and  Spallanzani,  was  first  described  in 
batrachia  by  Prevost  and  Dmnas  in  1823,  in  a  Memoir  which  was  followed  by 
an  important  series  of  contributions  by  the  same  authors  to  the  history  of  the 
development  of  reptiles,  birds,  and  mammals.  The  discovery  of  the  germinal 
vesicle  of  the  bird's  egg  by  Purkinje  in  1825  led  the  way  to  more  minute  obser- 
vation of  the  constitution  of  the  germinal  part  of  the  ovum.  But  the  founda- 
tion of  embryology  as  a  modem  science  was  most  surely  laid  by  G.  E.  von  Baer 
of  Konigsberg  (originally  the  associate  of  Pander  and  pupil  of  Doellinger),  who 
discovered  the  ovum  of  mammals  in  1827,  and  in  his  work  entitled  '•  Die 
Entwickelimgsgeschichte  der  Thiere,  Beobachtungen  tmd  Reflexion  en,"  1829 — 
1837,  gave  the  fullest,  the  most  accurate,  and  the  most  philosophical  account  of 
the  development  of  animals  which  has  ever  appeared.  The  contemporaneous 
researches  of  H.  Eathke.  also  the  pupil  of  Doellinger  along  with  Pander  and 
Von  Baer,  contributed  greatly  to  the  advance  of  embiyological  knowledge. 

The  investigations  of  Schwann  "  On  the  conformity  in  the  stiaicture  and  growth 
of  plants  and  animals,"  published  in  1839,  threw  new  light  upon  the  histological 
composition  of  the  ovum  and  blastoderm  and  their  relation  to  the  phenomena 
of  development  (see'^  General  Anatomy,  p.  6  et  seq.)  ;  anel  in  the  years  contem- 
poraneous with  Von  Baer"s  researches,  and  following  their  publication,  many 
important  contributions  appeared  which  greatly  extended  the  scientific  knowledge 
of  the  subject  ;  among  the  authors  of  which  may  be  mentioned  here,  as  the 
most  prominent,    the    names     of    Valentia,    Rusconi,    R.    Wagner,    Reichert, 
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KoUiker,  M.  Barry,  BiscliofP,  Coste,  and  Remak.  The  knowledge  of  the  develop- 
ment of  the  ovum  and  embryo  of  mammalia  was  especially  advanced  in  the  suc- 
ceeding decennial  period  by  the  valuable  memoirs  of  Bischoff  on  the  rabbit,  dog, 
gumea-pig,  and  roe-deer,  published  successively  between  1847  and  1854,  and  an 
important  addition  was  made  to  the  history  of  human  development  and  that  of 
some  animals  by  the  publication  of  the  elegant  and  elaborate  work  of  Coste  in 
1817  and  several  foUowiag  years. 

To  the  careful  observations  of  Remak  more  particularly,  as  described  in  his 
work  on  the  development  of  the  fowl  and  the  frog,  published  in  1851-54,  we  owe 
the  fullest  and  most  consistent  account  of  the  structure  and  formation  of  the 
blastoderm  and  of  the  relation  of  its  several  parts  to  the  earlier  phenomena  of 
embryonic  development.  The  Lectures  of  Kolliker,  published  in  1861,  formed 
the  most  valuable  addition  to  the  history  of  development  in  the  ten  years  suc- 
ceeding the  publication  of  the  researches  of  Remak.  In  1868  the  blastoderm  and 
its  early  transformations  were  subjected  to  renewed  examination  in  the  elaborate 
researches  of  His  (Untersuch.  lib.  die  erste  Anlage  des  Wirbelthierleibes).  In 
the  succeeding  years  appeared  the  va,ried  researches  of  Dursy  on  the  development 
of  the  head,  Waldeyer  on  the  ovaries,  Oellacher  on  birds  and  fishes,  and  G-oette 
on  batrachia  and  birds,  and  numerous  others,  so  that  every  year  brings  foi-th 
numerous  original  contributions  to  different  departments  of  the  subject.  In 
1874  there  appeared  the  first  English  treatise  on  the  development  of  the 
embryo  since  the  time  of  Harvey,  in  the  excellent  "  Elements  of  Embryology," 
by  M.  Foster  and  F.  M.  Balfour — the  latter  of  whom  is  also  the  author  of  im- 
portant original  researches  quoted  in  the  com'se  of  this  section.  In  the  same 
year  a  short  and  useful  systematic  work  on  the  Embryology  of  Vertebrate 
animals  has  appeared  by  Dr.  Schenk  of  Vienna. 

Origin  of  the  Mesoblast. — Although  there  is  the  general  agreement  before 
indicated  among  embryologists  as  to  the  trilaminar  structure  of  the  blastoderm 
in  the  ovum  of  the  higher  vertebrates,  when  it  has  made  some  progress  in 
development,  and  as  to  the  general  relation  of  the  several  layers  to  the  produc- 
tion of  the  systems  and  organs  of  the  embryo,  there  is  by  no  means  the  same 
unanimity  of  views  as  to  the  manner  in  which  the  different  layers,  and  more 
especially  the  lower  and  middle  layers,  come  into  existence. 

Fig.  497. 
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Fig.  497. — Microscopic  view  of  a  veutical   section   theoxjgh   the  Blastoderm  op 
THE  Bird's  Egg  after  twelve  hours  of  incubation.     (From  Strieker.)     =^50 

S,  upper  layer  of  cells  or  epiblast ;  D,  lower  layer  now  forming  a  single  continuous 
layer  of  flat  cells,  or  hypoblast ;  M,  large  formative  cells  beginning  to  form  the  middle 
layer,  or  mesoblast ;  A,  subgerminal  part  of  the  yolk. 


In  the  egg  of  the  fowl  the  cells  of  the  middle  layer  begin  to  make  their  appear- 
ance in  the  central  part  of  the  blastoderm  between  the  two  original  or  primitive 
layers  from  the  eighth  to  the  twelfth  hour  of  incubation,  while  about  the 
same  time  a  lower  layer  becomes  distinct,  as  before  stated,  by  the  arrangement 
in  a  single  layer  of  the  lowest  cells,  their  assumption  of  the  flattened  form, 
and  their  mutual  union  somewhat  after  the  manner  of  a  pavement-like  epithelium. 
But  while  this  is  apparent  towards  the  centre  of  the  blastoderm  there  is 
accumulated  towards  the  periphery  in  a  thickened  zone  (opaque  area)  a  quantity 
of  cells  of  larger  size  and  granular  aspect  in  which  no  division  into  an  under 
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and  middle  layer  is  yet  to  be  perceived.  According-  to  most  observers  the  original 
upper  layer  takes  no  share  in  these  changes,  but  remains  distinct  and  vindergoes 
the  changes  vrhich  belong  to  its  own  phases  of  development. 

With  respect  to  the  foimation  of  the  hypoblast  it  would  appear  to  be  no  more, 
at  least  in  its  central  part,  than  a  differentiation  or  change  of  form  occurring  in 
cells  existiag  from  an  earlier  period  in  the  primitive  lower  layer  ;  whUe  its 
peripheral  extension  is  probably  owing  to  the  conversion  into  its  pavement-like 
cells  of  the  subjacent  elements  of  the  white  yolk.  But  as  to  the  manner  in  wdiich 
the  mesoblast  takes  its  origin,  two  distinct  kinds  of  views  exist  among  embryo- 
legists.  According  to  one  of  these,  following  the  suggestion  of  Remak,  the  cells 
of  the  mesoblast  take  their  rise  by  a  process  of  separation  from  the  cells  of  the 
primitive  lower  layer  by  changes  which  are  coincident  with  the  conversion  of 
the  deepest  set  of  those  cells  into  the  continuous  lamina  of  hypoblast.  And  as 
a  modiiication  of  this  view  may  be  mentioned  that  of  His,  according  to  which 
a  middle  layer  (though  not  distinguished  by  him  as  such  by  name)  arises  in 
common  from  the  formative  cells  of  both  upper  and  lower  primitive  layers 
thi'ough  an  axial  plate,  into  which  he  holds  they  unite. 

According  to  the  other  Adew,  which  originated  in  the  Vienna  school,  and  has 
received  much  support  from  a  nmnber  of  observers  emanating  from  it  (Strieker. 
Waldeyer,  Peremeschko,  Klein,  Oellacher  and  Goette),  the  cells  which  form  the 
middle  layer  do  not  proceed  either  from  the  epiblast  or  hypoblast  in  the  place 
which  they  ultimately  occupy,  but  these  cells  arise  as  new^  products  of  cell  forma- 
tion below  the  hypoblast,  pass  by  migratory  movement  into  the  seat  of  the  meso- 
blast, either  through  the  hypoblast,  or.  as  most  hold,  round  its  peripheral  margin, 
and  thence  into  the  central  part  of  the  blastodenn,  where  all  are  agreed  the  cells 
of  the  mesoblast  first  come  to  be  collected  in  any  considerable  quantity.  Having 
once  gained  this  position,  or,  in  other  words,  a  certain  portion  of  mesoblast 
having  been  thus  formed  in  the  axial  or  central  plate  of  the  embryonic  area,  its 
cells  speedily  multiply  and  rapidly  extend  themselves,  both  by  thickening  in  the 
centre  and  by  spreading  towards  the  periphery  :  other  mesoblastic  cells  continue 
to  be  introduced  from  below  at  the  margin  of  or  through  the  hypoblast,  so  as  to 
complete  the  formation  of  a  middle  layer  by  the  eighteenth  or  twentieth  hour. 


Fig.  498. 


Fig.  498.— Section  of  a 
Blastoderm  at  right 

ANGLES    TO    THE    LoNG 

Axis  of  the  Embryo, 

near  its  middle, 
after  eight  houks' 
Incubation  (from  Fos- 
ter and  Balfour). 


A,  epiblast  formed  of 
two  layers  of  cells  ;  B, 
mesoblast  thickened  be- 
low the  primitive  groove ; 
C,  hypoblast  formed  of 
one  layer  of  flattened 
cells  ;      jjr,      primitive 

gi-oove  ;  mc,  mesoblast  cell  ;  hd,  formative  cells  in  the  so-called  segmentation  or  sub- 
germinal  cavity.  (The  Hne  of  separation  between  tbe  epiblast  and  mesoblast  below  the 
primitive  groove  is  too  strongly  marked  in  the  iigure. ) 

Among  the  most  recent  observers,  IQein  and  Balfoia-  favour  the  migratory 
view  :  the  latter,  however,  in  a  somewhat  m-odified  form,  as  he  has  aiTived  at  the 
conclusion  that  the  mesoblast  takes  its  origin  not  directly  from  the  epiblast  or 
hypoblast,  but  in  part  from  cells  which  are  included  (as  the  result  of  the  fii'st 
segmentation)  in  the  blastoderm  between  those  of  its  upper  and  lower  layers,  and 
jiartly  from  the  larger  spheres  or  formative  cells  which  are  the  product  of  a  later 
process  of  cell  production  occurring  in  the  lower  part  of  the  germ,  and  which 
migrate  from  the  place  of  their  formation  in  the  germ  cavity,  round  the  margin 
of  the  hypoblast  into  the  space  alcove  it.     The  researches  of  Goette  lead  nearly 
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to  tlie  same  conclusion  as  those  of  Balfour,  and  if  confirmed  would  go  far  to 
prove  the  occun-ence  of  a  secondary  or  jDrolonged  segmentation  in  the  eutager- 
niinal  yolk,  to  which  allusion  was  previously  made. 

It  is  right,  however,  to  state  that  on  the  other  side  there  is  the  weighty  autho- 
rity of  KoUiker,  who.  in  association  Avith  the  younger  Virchow,  has  recently 
sought  in  vain  for  the  evidence  of  such  migration  as  has  been  described  by 
the  observers  previously  referred  to.  and  attributes  the  formation  of  the  meso- 
blast  entirely  to  the  proliferation  of  cells  connected  originally  with  the  lower 
surface  of  the  epiblast. 

Biffereiice  in  Animals. — The  foregoing  description  applies  to  the  symmetrical 
position  and  central  mode  of  development  of  the  blastodenn  which  belong  to 
the  ova  of  reptiles,  bii'ds  and  mammals  ;  but  it  is  right  to  state  that  in  the  lower 
vertebrata,  or  in  amphibia  and  in  osseous  and  cartilaginous  fishes,  there  are 
several  remarkable  differences.  Among  these  may  be  particularly  noticed  the 
non-symmetrical  development  of  the  blastodenn,  and  the  excentric  position  of 
the  commencement  of  the  embryo  ;  the  involution  of  the  epiblast  at  the  aper- 
ture of  the  blastoderm  termed  '  anus '  by  Rusconi,  or  blastopore,  at  which  the 
cells  of  the  epiblast  become  continuous  with  the  larger  deeper  cells  from  which 
the  mesoblast  and  hypoblast  originate.  (See  F.  M.  Balfour,  "  On  the  Develop- 
ment of  the  Elasmobranch  Fishes,"  and  "  Comparison  of  the  Development  of 
Vertebrates,"  in  the  Quart.  Journ.  of  Microscop.  Science  for  Oct.  1874,  and  July, 
187.5  ;  E.  Eay  Lankester,  "  On  the  Primitive  Cell  Layers  of  the  Embryo,"  &c.,  in 
the  Ann.  and  Mag.  of  Nat.  Hist,  for  1871. 

The  Blastoderm  of  Mammals. — A  variety  of  obsei"vations  have  shown  that 
the  blastoderm  of  mammals  consists,  when  fully  formed,  essentially  of  the  same 
kinds  of  elements  arranged  in  three  layers,  as  previously  described  in  birds ; 
but  the  mode  of  formation  of  these  layers  has  not  yet  been  fully  investigated. 
By  the  observations  of  Bischoff,  Coste.  and  Eeichert,  it  was  ascertained  that  as 
the  result  of  the  first  segmentation  the  yolk  became  invested  with  a  complete 
superficial  covering  of  distinct  nucleated  cells,  which  may  be  looked  upon  as 
corresponding  to  the  upx^er  or  outer  layer,  or  epiblast.  Within  this  there  remains 
for  a  time  a  thick  plate  or  rounded  mass  at  one  side  of  opaque  spherules, 
which  seemed  to  be  segment  spherules  not  yet  converted  into  cells,  and  the 
interior  of  the  yolk  was  elsewhere  filled  with  a  granular  fluid.  Some  time  later, 
or  about  the  fifth  day  in  the  rabbit's  ovum,  a  thickened  spot,  the  genninal  area 
of  Bischoff,  or  tache  embryonnaire  of  Coste,  gradually  made  its  appearance  in 
the  place  where  the  primitive  trace  of  the  embryo  is  afterwards  formed.  This 
consisted  in  a  thickening  of  the  layer  already  formed,  and  of  an  accumulation 
of  a  layer  of  new  cells  below  it,  which,  gradually  extending  itself  over  the 
sm'face  of  the  yolk,  gives  a  second  covering  of  cells  to  the  whole. 

In  a  carefully  conducted  series  of  recent  observations,  Hensen  finds  (Zeitsch. 
fur  Anat.  u.  Entwick.  Leipz.  Nov.  1875)  that  in  the  rabbit's  ovum,  at  the  time 
when  the  germinal  disc  is  still  round  (.5  days  4  hours)  the  epiblast,  with  its 
central  thickening,  forms  a  complete  vesicular  covering  of  the  yolk,  but  that  the 
hypoblast,  lying  below  the  disc,  does  not  extend  over  more  than  a  third  of  the 
circumference.  The  cells  of  the  middle  layer  are  at  this  time  restricted  to  the 
hinder  part  of  the  genn  disc,  in  which  place  the  primitive  trace  of  the  embryo 
first  appears.  Kolliker  also,  in  the  same  animal  (Verhandl.  d.  Physik.  Med. 
(3-esellsch.  z.  Wiii'zbui-g,  Nov.,  1875)  describes  the  inner  layer  (hypoblast)  as 
spreading  rapidly  over  the  inner  surface  of  the  outer  layer  or  epiblast,  so  as  at 
last  to  give  a  complete  double  covering  to  the  yolk. 

In  sections  of  a  vesicular  blastodenn  of  the  cat,  prepared  by  Mr.  Schafer,  but 
not  yet  described,  two  layers  may,  as  he  has  pointed  out  to  me,  be  seen,  the  outer 
of  which  (epiblast)  lies  immediately  within  the  primitive  chorion  and  is  co- 
extensive with  it,  whilst  the  inner  laj'er  (hypoblast),  although  also  complete, 
forms  a  smaller  ring  than  the  outer,  and  is  in  contact  with  the  latter  at  one  place 
only.  Both  layers,  although  elsewhere  formed  of  a  single  stratum  of  cells,  are 
here  slightly  thickened,  but  especially  the  outer  (as  if  a  mesoblast  were  about  to 
be  developed  from  it)  :  the  hypoblast  at  this  place  appeaxs  bounded  superficially 
by  a  delicate  cuticular  film^ 
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SHORT  OUTLTKE  OF  THE   MORE  GEKERAL  PHEI^OME]^rA 
OP    THE   DEVSLOPMEWT    OP   THE    OVUM. 

Distinctiosi  of  Embryonic  and  Peripheral  Phenomena. — From 
what  has  gone  before  it  will  be  seen  that  the  fandamental  phenomena 
of  development  in  the  ovum  consist  essentially  in  changes  which  take 
place  in  the  several  layers  of  the  blastoderm.  Considered  individually 
and  minutely,  they  are  mainly  of  the  nature  of  cell  multiplication  and 
cell  differentiation.  Eegarded  as  a  whole  they  may  be  placed  under 
two  divisions,  according  as  1st,  they  have  their  seat  in  the  parts  from 
which  the  future  embryo  is  formed,  and  are  therefore  intra-emlryonic,  or, 
2nd,  are  extra- emir yo7iic,  and  connected  with  the  production  of  other 
parts,  having  nsualiy  a  membranous  form,  which  surround  the  embryo 
within  the  ovum,  and  form  principally  the  amnion,  yolk-sac,  allantois, 
and  choi'ion.  It  is  to  be  remarked,  however,  that  although  in  the 
progress  of  development  all  these  membranes  are  mainly  peripheral 
or  extra-embryonic  in  their  situation,  they  are  not  entirely  so  in  their 
origin,  for  one  of  them — the  allantois — springs  originally  from  a  part 
within  the  body  of  the  embryo  ;  and  all  of  them,  in  mammals  at  least, 
by  the  original  continuity  of  the  blastoderm,  are  necessarily  united  at 
certain  places  with  parts  of  the  embryo.  Hence  they  have  been  called 
foetal  appendages  or  festal  membranes. 

Fia-.  499. 
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Eg.  499. — Ovum  of  the  Rabbit  from  the  Uterus  (from  KoUiker  after  Bischoff). 

The  oviim  was  about  one  seventli  of  aa  inch  in  diameter  ;  a,  the  remains  of  the  zona 
peUncida  or  external  membrane  ;  b,  the  vesicular  blastoderm ;  c,  the  gei'minal  area  ; 
d,  the  outer  limb  of  the  double  layer. 


It  is  also  to  be  held  in  remembrance  that  in  birds,  the  blastoderm, 
which  is  originally  restricted  to  the  comparatively  narrow  limits  of  the 
cicatricula,  estends  itself  rapidly  in  the  earlier  periods  of  incubation  over 
the  surface  of  the  yolk  ;  while  in  mammals,  the  whole  yolk  is  from  the 
first  covered  by  the  vesicular  blastoderm  directly  resulting  from  segmen- 
tation. In  both,  however,  there  may  be  distinguished  a  central  and 
peripheral  region  of  the  blastoderm,  and  to  the  central  part,  as  being 
the  more  immediate  seat  of  the  development  of  the  embryo  and  its 
organs,  without  attempting  to  define  very  closely  its  limits,  the  name  of 
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embryonic  area  may  be  given.  From  this  area,  as  from  a  centre,  the 
changes  of  development  in  some  measure  emanate  or  spread  towards  the 
peripher}^  In  birds  the  central  area  is  from  the  first  distinguished 
from  the  surrounding  part  b}^  greater  transparency  and  thinness  of  the 
bhistoderm,  and  thus  (as  ah'eady  described)  arises  the  distinction  of  the 
transparent  and  opaque  areas.  In  mammals,  on  the  other  hand,  the 
germinal  part  of  the  blastoderm  is  at  first  entirely  opaque,  forming  the 
embryonic  disc  of  Coste,  BischofP,  and  others  ;  and  it  is  by  a  subsequent 
change  that  a  part  of  this  disc  clears  up  or  becomes  thin  and  transparent, 
and  that  an  opaque  area  is  formed  in  the  peripheral  part.  In  both 
birds  and  mammals  the  embryonic  area,  from  being  simply  round  at 
first,  becomes  soon  somewhat  pjTiform,  and  subsequently  oval  or  con- 
tracted in  the  centre,  like  the  body  of  a  violin. 


Pig.  500. — First  appeaeance   of    the    Primitive   Trace  and  Medullary  Canal  in 
THE  OvuJi  OF  THE  DoG  (from  Bischoff). 

a,  i,  and  c,  represent  the  natural  size  of  the  ova  of  which  tlie  several  germinal  are^ 
are  represented  in  A,  B,  and  C.  In  A  the  germinal  area  is  pyriform,  and  the  primitive 
trace  occupies  two-thirds  of  the  narrow  hinder  end.  In  B  the  trace  is  elongated  and 
■on  the  two  sides  are  the  raised  medullary  plates,  mp,  with  the  primitive  groove  between. 
In  C  the  distinction  between  transparent  area,  at,  and  opac^ue  area,  ao,  is  marked  by  the 
outline. 


It  is  in  the  hinder  narrower  part  of  this  embryonic  area,  when  it  has 
assumed  the  pyriform  shape,  that  the  earliest  trace  of  the  embryo  can 
be  discerned.  This  forms  the  well  known  primitive  streak  and  groove 
of  authors,  but  it  appears  from  the  observations  of  Dursy  and  Balfour 
in  the  chick,  and  of  Hensen  in  the  rabbit,  that  the  primitive  trace  and 
groove,  which  are  the  first  indications  of  embryonic  formation,  are  only 
transitory  and  evanescent,  and  that  they  are  succeeded  by  the  medullary 
groove  and  dorsal  plates,  which  commence  beyond  the  cephalic  end  of 
the  primitive  trace,  and  grow  backwards  towards  the  caudal  extremity, 
so  as  gradually  to  thrust  out  as  it  were  at  the  end  the  shrivelled 
remains  of  the  primitive  trace.  The  anterior  extremity  of  this  medullary 
groove  becomes  afterwards  the  cephalic,  and  the  posterior  extremity  or 
that  towards  the  primitive  trace  becomes  the  caudal  part  of  the  cranio- 
vertebral  axis  of  the  embryo. 


AXIAL   RUDIMENTS   OP   THE   EMBRYO. 
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This  primitive  axis  constitutes  in  some  measure  the  centre  of  sub- 
sequent changes  of  development.  It  consists  mainly  of  a  thickening 
produced  by  the  accumulation  of  blastodermic  cells. 

1.— INTRA-EMBRYONia    PHENOMENA    OF    DEVELOPMENT. 

Axial  Hiiidiment  of  tlie  Embryo. — Cereliro-spinal  Axis. — The 

.genetic  changes  which  lead  to  the  first  formation  of  the  rudiments  of 
the  embryo  may  be  briefly  sketched  as  follows  : — 

The  longitudinal  thickening  of  the  blastoderm,  which  forms  the 
primitive  trace,  belongs  at  first  chiefly  to  the  upper  layer  or  epiblast, 
but  soon  extends  to  the  central  part  of  the  middle  layer  or  mesoblast. 
The  hypoblast  takes  no  share  in  its  production. 

The  elongated  plate  or  thickening  is  very  soon  separated  towards  the 
cephalic  end  of  the  primitive  trace  by  a  median  groove  or  linear 
depression  into  two  lateral  plates,  which,  thickening  to  some  extent, 
rise  into  ridges  and  thus  constitute  the  laminae  dorsales,  or  dorsal 
ridges.  The  groove  deepening,  and  the  ridges  becoming  more 
elevated,  there  is  then  formed  a  canal,  and  by  the  farther  eleva- 
tion of  the  ridges,  their  approach  to  each  other,  and  their  final  coal- 
escence in  the  middle  line,  the  canal  is  gradually  closed  in  along  the 
dorsal  line.  The  part  of  the  upper  layer  which  has  undergone  this 
inflection  and  enclosure  acquires  considerable  increased  thickness,  but 
still  a  cavity  remains  in  its  interior.  The  part  where  it  was  closed 
dorsally  now  becomes  separated  from  the  upper  layer  or  epiblast  with 
which  it  was  originally  continuous,  and  the  latter  passes  subsequently 
free  and  entire  across  the  dorsal  line. 


Pig.    501. — Embrjo    of    the    Dogs   seen   from   above, 

WITH  A  PORTION  OF  THE  BLASTODERM  ATTACHED. 

The  medullai-y  canal  is  not  yet  closed,  but  shows  the 
dilatation  at  the  cephalic  extremity  with  a  partial  division 
into  the  three  primary  cerebral  vesicles  ;  the  posterior 
extremity  shows  a  rhomboidal  enlargement.  The  cephalic 
fold  crosses  below  the  middle  cerebral  vesicle.  Six  iDri- 
mordial  vertebral  divisions  -are  visible  ;  so,  the  upper 
■division  of  the  blastoderm  ;  sp,  the  lower  division,  where 
they  have  been  cut  away  from  the  peripheral  parts. 


Fig.  501. 


canal  is  wider  at   the  cephalic   ex- 
uj  in  which  the  rudiment  of  the  brain  is 


This 
tremit} 

situated,  it  is  of  uniform  diameter  in  the  suc- 
ceeding or  middle  part,  and  at  the  caudal 
extremity  remains  open  for  a  time,  but  is  closed 
in  at  a  later  period  like  the  rest. 

The  rudiment  of  the  great  nervous  centre 
arises  in  a  thickening  of  the  central  portion 
of  the  enclosed  epiblast  which  is  originally 
continuous  with  the  rest  of  the  upper  layer  ; 
but  this  part  which  forms  the  brain  and  spinal 
marrow  exhibits  considerable  thickening  at  an 

early  stage,  thus  constituting  what  by  some  have  been  called  the  medul- 
lary plates,  while  the  canal  is  still  open,  and  subsequently  folded  round 
dorsally  and  closed  in  the   form  of  a  medullary  tube,  within  which 

Y  Y  2 
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is  situated  the  medullaiy  cavity  or  common  ventricle  of  the  brain  and 
spinal  marrow.  There  is  at  first  no  distinction  between  the  medullary 
or  nervous  structure  and  the  containing  walls  :  these  last,  including 
the  dura-matral  sheath,  are  derived  later  from  development  of  meso- 
blastic  elements. 

In  birds  and  mammals  it  does  not  appear  that  there  is  at  first  any 
line  of  separation  or  distinction  betAveen  the  medullary  part  and  the 
rest  of  the  epiblast,  but  in  Mirachia  a  difference  of  colour  in  the 
corneous  layer  marks  a  distinction  between  it  and  the  deeper  part  which 
forms  the  medullary  rudiments. 

The  Hotochord. — One  of  the  next  steps  in  early  development  as 
observed  in  the  bird  is  the  formation  from  a  central  columnar  portion 
of  the  mesoblast  of  an  axial  cord  occupying  the  future  place  of  the 
bodies  of  the  vertebras  and  basis  of  the  cranium.  This  constitutes  the 
notochord  or  chorda  dorsalis  (see  fig.  504  and  sections  in  figs.  502  and 
503,  ch). 


Jij- 


Fig.  502.  Fig.  502.— Tkansverse  Sec- 

tion THEOtTGH  THE  Em- 
BRYO    OF    THE     ChICK   AU1>- 

Blastoderm  at  the  end 
OF  THE  First  Day  (from 
Kolliker). 

h,  epiblast ;  eld,  tj^'poblast ;; 
Sj3,  mesoblast  ;  Pv,  primitive 
or  medullary  groove  ;  m-, 
medullary  plates  ;  ch,  chorda 

dorsalis  ;  imp,  primordial  vertebral  plate ;  imli,  commencemeiLt  of  division  of  mesoblast. 

into  its  upper  and  lower  laminra  ;  between  Rf  and  h  the  dorsal  lamim-e  or  ridges  wMcli 

by  tbeir  approximation  close  in  tlie  medullary  canal. 


Its  structure  is  simply  cellular,  and  it  takes  no  direct  part  in  the- 
formation  of  the  bodies  of  the  vertebrge  or  cranial  basis,  but  comes 
later  to  be  surrounded  by  the  formative  substance  out  of  which  these 
parts  of  the  skeleton  are  developed.  In  mammals  and  in  cartilaginous 
fishes  its  formation  appears  to  be  later  than  in  birds.  In  man  and 
the  higher  vertebrates  its  remains  are  to  be  seen  for  a  longer  or  shorter 
period  of  foetal  life  within  the  cranio-vertebral  osseous  axis,  but  in  the 
lowest  vertebrates,  as  AmjMoxiis  and  Cydostomatous  fishes,  in  which  tha 

Fig.  503. 


■J,     i^j.  I 


Fig.  503.— Transverse  Section  through  the  Embryo  op  the  Chick  and  Blasto- 
derm ON  THE  Second  Day  (from  Kolliker). 

d  d,  hypoblast  ;  ch,  cborda  dorsalis  ;  u  w,  primordial  vertebra  ;  m  r,  medullary 
plates  ;  h,  corneous  layer  or  epiblast  ;  «  w  h,  cavity  of  the  primordial  vertebral  mass  ; 
TO  p,  mesoblast  dividing  at  s  j5  into  hpl,  somatopleure,  and  d  f,  splanchnopleure ;, 
un  g,  Wolffiaa  duct. 


CLEAVAGE  OF  LATERAL  PARTS  OF  THE  MESOELAST. 
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vertebrte  are  not  developed  or  are  imperfect,  it  attains  much  larger  pro- 
portions, and  itself  constitutes  the  principal  vertebral  axis. 

Protovertebraa. — On  either  side  of  this  axial  cord  a  thick  mass  or 
plate  of  mesoblast  is  collected  along  its  whole  length,  and  very  soon 
there  appear  several  transverse  clefts  in  these  plates  forming  the  com- 
mencement of  protovertebral  segmentation.  The  first  formed  of  these 
divisions  is  near  the  anterior  or  uppermost  of  the  future  cervical  vertebras, 
and  they  rapidly  extend  backwards  in  the  posterior  or  lower  cervical 
and  dorsal  region  (fig.  501,  i)v,  and  fig.  503,  mv).  The  divisions 
becoming  more  distinct,  separate  small  quadrilateral  masses,  which 
]iave  received  the  name  oi jjrofovertelrcB,  by  which  it  is  meant  to  indicate 
that  they  are  not  the  same  with  the  permanent  vertebral  pieces  of  the 
■skeleton,  but  rather  correspond  to  embryonic  somatomes,  or  metameric 
segments,  corresponding  closely  in  number  with  the  permanent  vertebral 
divisions,  but  including  the  rudiments  of  other  parts,  such  as  those  of 
the  spinal  nerves,  along  with  those  of  the  vertebras. 

The  basis  of  the  cranium,  into  which  the  notochord  extends,  does  not 
at  first  present  any  transverse  division  similar  to  that  of  the  vertebral 
portion  of  the  axis,  and  the  notochord  itself  is  at  first  without  segmen- 
tation, and  forms  therefore  a  simple  and  entire  cylinder. 

Pleural  Cleavage  of  the  Lateral  Parts  of  the  Mesoblast.* — 
Together  with  the  formation  of  the  protovertebral  plates  and  their  trans- 
verse segmentation,  another  important  change  begins  in  the  lateral 
part  of  the  mesoblast  external  to  these  plates,  which  consists  in  its 
cleavage  into  an  upper  or  outer  and  a  lower  or  inner  lamina,  and  the 
consequent  formation  between  them  of  an  interval  or  space  (figs. 
503,  s}),  and  504,  pp).  The  two  laminse  thus  separated  constitute 
respectively  the  somatopleure  and  sj^Ianchnojoleure  portions  of  the  meso- 
blast, and  the  space  between  them  is  the  commencement  of  the  pleuro- 
peritoneal  cavity,  which  afterwards  forms  by  its  partition  within  tl:4e 
embryo  the  pleurae,  pericardium,  and  peritoneum,  and  which  beyond 

Fig.  504. 


Pig,   504. — DlAGRAJIJIATIC    LONGITUDINAL    SECTION    THROUGH    THE   AxiS   OF   AN   EjIBRTO 

(from  Foster  and  Balfour) 

The  section  is  supposed  to  be  made  at  a  time  when  the  head-fold  has  commenced,  but 
the  tail-fold  has  not  yet  appeared.  A ,  epiblast ;  B,  mesoblast  ;  C,  hypoblast  ;  FSo, 
fold  of  the  somatopleure  ;  FSp,  fold  of  the  splanchnopleure  ;  Am,  commencing  (head) 
fold  of  the  amnion :  NO,  neural  canal,  closed  in  front,  but  still  open  behind  ;  Oh,  noto- 
chord,— in  front  of  it,  uncleft  mesoblast  in  the  base  of  the  cranium  ;  D,  the  commencing 
foregut,  or  alimentary  canal ;  St,  heart ;  pp,  pleuro -peritoneal  cavity. 

*  "Pleural"  is  here  used  in  the  sense  "parietal. 
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the  embiyo  extends  into  the  space  between  the  amnion  and  the  other 
developed  membranes  of  the  ovnm. 

Inflection  of  the  Walls  of  tlie  Body  of  the  Embryo. — The  first 
rudiments  of  the  embryo,  as  before  described,  he  prone  and  flat  on  the 
smface  of  the  yolk,  consisting  almost  entirely  in  thickenings,  with 
some  incurvations,  of  certain  parts  of  the  blastoderm.  In  the  forma- 
tion of  these  parts  the  two  npper  layers,  epiblast  and  mesoblast,  are 
alone  concerned,  and  the  hypoblast  takes  no  part  in  them,  but  passes 
thin  and  flat  across  the  space  occupied  by  the  embryonic  rudiments. 

In  the  further  progress  of  development  a  great  change  of  form  is 
now  produced  by  the  downward  inflection  of  the  whole  three  layers  of 
the  blastoderm,  in  consequence  of  which  the  embryo  rises,  as  it  were, 
out  of  the  plane  of  the  rest  of  this  membrane,  and  begins  to  be  notched 
off  from  its  peripheral  parts.  The  first  of  these  folds,  termed  ceplmlk, 
(fig.  504)  takes  place  at  the  extremity  of  the  embryo  which  contains  the 
rudiment  of  cranium  representing  the  head,  and  precedes  by  a  con- 
siderable interval  the  other  folds.  A.  similar  downward  fold  subsequently 
follows  at  the  caudal  extremity,  and  there  is  also  between  the  cephalic 
and  caudal  folds  a  simultaneous  depression  of  the  layers  of  the  blasto- 
derm in  lateral  folds,  so  that  the  embryo  takes  in  some  measure  the  form 
of  an  inverted  boat,  with  its  keel  upwards,  and  its  hollow  side  opening 
towards  the  yolk  cavity,  and  the  fore  part  being,  as  it  were,  partially 
covered  in  by  the  deck  of  the  cephalic  fold.  Thus  are  produced  the 
downward  ventral  or  visceral  plates  which  form  the  side  walls  of  the 
head  and  trunk  ;  and  at  a  later  period,  by  the  increased  constriction 
or  convergence  of  the  folds  round  the  place  of  communication  between 
the  embryo  and  the  peripheral  parts  of  the  blastoderm,  there  is  formed 
the  umbilicus  (see  figs.  510  and  512). 


Fig.  505. 


Fig.  505. — Tkansverse   Section  theoitgh  the 
Embryo-Chick  before  and  some  time  after 

THE  CLOSURE  OF  THE  MeDULLART  CanAL, 
TO  SHOW  THE  UPWARD  AND  DOWNWARD  IN- 
FLECTIONS OP  THE  Blastoderm  (after  Remak). 

A.  At  the  end  of  the  first  day.  1,  notochord  ; 
2,  primitive  groove  in  the  medullary  canal  ;  3, 
edge  of  the  dorsal  lamina  ;  4,  corneous  layer  or 
epiblast  ;  5,  mesoblast  divided  in  its  inner  part  ; 
6,  hypoblast  or  epithelial  layer  ;  7,  section  of 
jjrotovertebral  plate. 

B.  On  the  third  day  in  the  lumbar  region. 
1,  notochord  in  its  sheath  ;  2,  medullary  canal 
now  closed  in  ;  3,  section  of  the  medullary  sub- 
stance of  the  spinal  cord  ;  4,  corneous  layer  ; 
5,  somatopleure  of  the  mesoblast  ;  5',  splanchno- 
pleure  (one  figure  is  placed  in  the  pleuro- 
peritoneal  cavity) ;  6,  hypoblast  layer  in  the  intes- 
tine and  spreading  over  the  yolk  ;  4  x  5,  part  of 
the  fold  of  the  amnion  formed  by  epiblast  and 
somatopleure. 


The  fundamental  steps,  therefore,  in  the  development  of  the  verte- 
brate embryo  result  in  the  formation  in  the  axial  part,  or  head  and 
trunk  of  the  body,  of  two  cavities,  of  wdiich  one  is  situated  above  and 
the  other  below  the  notochordal  axis  ;  the  upper  constituting  the 
cranio-vertebral  canal,  and  containing  the  rudiment  of  the  cerebro- 


CEREBEO-SPINAL  NERVOUS   CENTRE. 


695 


spinal  nervous  centre  ;  the  lower  forrainf^  the  walls  of  the  body  which 
enclose  the  great  nutritive  viscera  in  tlie  thoracic,  abdominal  and  pelvic 
divisions  of  the  trunk  ; — along  with  which  may  be  associated  the  parts 
which  form  the  face  and  jaws,  and  which  enclose  the  cavities  of  the 
nose,  mouth,  and  pharynx,  including  in  their  substance  the  hyoid  bone 
and  its  accompanying  branchial  arches. 

The  Gerebro-spiixal  nervous  Centre. — The  brain  and  spinal  cord 
have  at  first  together  the  form  of  an  elongated  tube,  of  which  the 
primary  wall  is  of  nearly  equal  thickness  throughout.  The  cylindrical 
portion  in  the  region  of  the  protovertebrge  forms  the  spinal  cord.  In 
the  dilated  cephalic  portion,  constituting  the  rudimentary  brain,  there 
is  from  a  very  early  period  a  partial  division  into  three  portions  by 
slight  intervening  constrictions  of  the  wall  of  the  medullary  tube. 
These  constitute  the  three  jirw;z«r?/  encpphalic  vesicles,  and  give  rise  in 
the  next  stage  of  development  to  the  five  fundamental  portions  of  the 
brain  usually  recognised  by  embryologists  and  comparative  anatomists, 
viz.,  forebrain,  interbrain,  midbrain,  hindbrain  and  afterbrain.  The 
general  cavity  enclosed  by  the  inflection  and  union  of  the  medullary 
plates  constitutes  the  mesial  ventricles  of  the  brain  and  the  canal  of  the 
sjjinal  cord. 


vir 


—  FUC 


Fig.  506. — Magnified  side  view  of  the  Head  Fig.  506. 

AND    Upper    Part    of    the     Boor    op    an  _ , 

Ejibryo-Chick  of  the  Foitrth  Day  (adaioted 
from  Remak  and  Huxley). 

1,  cliorda  dorsalis ;  2,  tliree  of  the  upper 
primitive  cervical  vertebrce ;  C\  one  of  the  vesicles 
of  the  prosencephalon,  with  the  nasal  fossa  be- 
low ;  C-,  vesicle  of  the  thalamencephalon,  with 
the  eye  below  it  ;  C^,  the  middle  cerebral  vesicle  ; 
C^,  the  cerebellum,  between  which  and  the  cer- 
vical vertebriB  is  the  medulla  oblongata.  At  the 
anterior  extremity  of  the  chorda  dorsalis,  where 
it -reaches  the  post-sphenoid,  is  seen  the  rect- 
angular bend  of  the  middle  of  the  cranium, 
which  takes  place  at  the  sella  turcica ;  and  in 
front  of  this,  towards  the  eye,  the  pointed  inf  un- 
dibulum  ;  V,  the  rudiment  of  the  trigeminus 
nerve  ;  VII,  the  facial  ;  VIII,  the  vagus  ;  IX,  the 

hypoglossal ;  in  front  and  below  these  numbers  respectively,  first,  the  upper  and  lower 
jaw,  with  the  first  cleft,  which  becomes  the  meatus  auditorius  externus ;  and  lower  down 
the  second,  third,  and  fourth  arches  and  clefts  in  succession  ;  in  front  of  these  the  aortic 
bulb  attaches  the  heart ;  between  VII  aud  VIII,  the  auditory  vesicle. 

The  Herves. — The  peripheral  nerves  are  formed,  quite  independently 
of  the  nerve  centres,  in  mesoblastic  elements  along  with  the  vascular 
and  other  tissue  composing  the  parts  in  which  they  are  distributed. 
The  anterior  and  posterior  roots  of  the  spinal  nerves  and  the  roots  of 
the  cranial  nerves  (excepting  the  optic,  which  has  a  special  connection 
with  the  brain)  probably  arise  as  outgrowths  from  the  medullary  wall 
of  the  cerebro-spinal  centres. 

Organs  of  tlie  Senses. — To  the  earliest  period  also  belongs  the 
formation  of  the  rudiments  of  the  principal  organs  of  the  senses,  viz., 
the  eye,  ear  and  nose.  The  mode  of  origin  differs,  however,  in  the 
three.  In  the  qjq,  which  is  the  earliest  to  appear,  the  retina,  or 
nervous  part,  is  an  extension  from  the  anterior  encephalic  vesicle,  while 
the  lens  is  derived  by  development  from  an  involuted  portion  of  the 
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epiblast,  and  other  ocular  structures  proceed  from  the  mesoblast.  In 
the  ear  the  labyrinth  originates  by  involution  of  its  cavity  from  the 
epiblast  in  the  neighbourhood  of  the  third  encephalic  vesicle,  and  the 
auditory   nerve  growing   out  from  the   medullary  v^'all  of  the  third 


Fi-  507. 


A 


Fig.  507. — Section  op  the  Com- 
mencing Eye  op  an  Embryo 
in  three  stages. 


A.  Commencement  of  tlie  for- 
mation of  the  lens  by  depression 
of  a  part  of  C,  the  corneous  layer ; 
2')];  the  primitive  ocular  vesicle 
now  doubled  Ijack  on  itseK  by  the 
depression  of  the  commencing 
lens. 

B.  The  lens  depression  enclosed 
and    the    lens    beginning    to   be 

formed  in  the  inner  side,  the  optic  vessel  more  folded  back. 

C.  A  third  stage  in  which  the  secondary  optic  vesicle,  r,  begins  to  be  fonned. 

encephalic  vesicle,  is  subsequently  extended  into  the  ear  vesicle  ;  while 
the  middle  and  outer  ear  cavities  are  developed  from  mesoblastic  ele- 
ments in  connection  with  the  first  and  second  post-oral  subcranial  plates 
and  the  intervening  pharyngeal  cleft.  In  the  nose  likewise  the  open 
cavity  afterwards  occupied  by  the  distributed  extremities  of  the  olfactory 
nerves  originates  by  depression  or  involution  from  the  epiblast  in  front 
of  the  first  encephalic  vesicle  of  the  cranium. 

Vascular  system. — The  next  important  series  of  changes  by  which 
the  foundations  of  the  great  organic  systems  are  laid  consists  in  the 
foi-mation  of  the  rudiments  of  the  heart,  blood-vessels  and  blood, 
and  in  the  establishment  of  the  first  circulation.  The  several  parts  of 
the  sanguiferous  system  all  originate  in  the  deeper  or  splanchnopleural 
division  of  the  mesoblast,  but  once  formed  in  this  section  of  the 
blastoderm  the  blood-vessels  very  soon  extend  into  all  other  parts  which 
are  vascular. 


Fig.  508. 


Fig.  508. — Outlines   of  the  anterior 

HALF  OP  THE  EmeRYO  ChICK  VIEWED 
FROM  BELOW,  SHOWING  THE  HeaRT  IN 
ITS     EARLIER       STAGES     OF     FORMATION 

(after  Eemak).     -f 

A,  Embryo  of  about  28  to  -30  hours  ; 
B,  of  about  36  to  40  hours  ;  a,  anterior 
cerebral  vesicle  ;  h,  i^roto-vertebral  seg- 
ments ;  c,  cephalic  fold ;  1,  1,  jDrimi- 
tive  omphalo-mesenteric  veins  entering 
the  heart  posteriorly  ;  2,  their  union  n 
the  auricle  of  the  heart  ;  3,  the  middle 
part  of  the  tu.be  corresponding  to  the 
ventricle  ;  4  (in  B)  the  arterial  bulb. 


The  formation  of  the  heart, 
blood-vessels  aud  blood  is  nearly 
simultaneous,  and  the  rhythmic 
contractions  of  the  heart  begin 

as  soon  as  the  blastodermic  cells   have  arranged  themselves  in  the 

first  simple  tubular  form  of  the  organ. 


VASCULAR   SYSTEM. 
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Wliile  the  heart  or  propelling  organ  is  being  formed  within  the 
body  of  the  embryo,  the  greater  number  of  the  primitive  blood-vessels 
are  developed  in  the  peripheral  part  of  the  blastoderm  in  the  vascular 
and  transparent  areas,  and  comparatively  few  arise  in  the  embryo  ; 
these  last  consisting  at  first  only  of  the  two  vessels,  the  primitive  double 
aorta,  which  carry  the  blood  from  the  heart  to  the  arteries  distributed 
in  the  peripheral  area,  and  the  corresponding  venous  trunks  which 
return  the  blood  fi'om  the  area  to  the  centre  of  the  circulation.  These 
primitive  vessels  become  afterwards  the  omphalo-mesenteric  arteries 
and  veins  of  the  yolk-sac. 


Fig.  509. — Diagrammatic  Outlines   of   the   Heart  and  Primitive  Vessels  of  the 
Embryo  Chick  as  seen  from  below  and  enlarged. 

A,  soon  after  the  first  establialiment  of  tlie  circulation  ;  B,  c,  at  a  somewiiat  later 
period  ;  1,  1,  the  veins  returning  from  the  vascular  area  ;  2,  3,  4,  the  heart,  now  in  the 
form  of  a  notched  tube  ;  5,  5,  (upjier)  the  two  primitive  aortic  arches  ;  5,  5,  (lower) 
the  primitive  double  aorta  ;  a,  the  single  or  united  aorta  ;  5',  5',  the  continuation  of  the 
double  aortffi  beyond  the  origin  of  the  large  omphalo-mesenteric  arteries,  6,  6. 


The  first  rudiment  of  the  heart  consists  of  an  elongated  tubular 
contractile  chamber  hollowed  out  of  a  mass  of  mesoblastic  cells  in 
front  of  the  reflection  of  the  cephalic  fold  into  the  flat  part  of  the  blasto- 
derm. This  tube  is  divided  into  two  at  its  anterior  and  posterior 
extremities,  and  perhaps  it  is  originally  entirely  double.  Posteriorly 
the  heart-chamber  receives  the  nascent  blood  from  the  entering  venous 
channel  on  each  side,  and  anteriorly  it  opens  into  two  arterial  vessels, 
which  passing  one  on  each  side  of  the  primitive  pharyngeal  cavity, 
and  turning  backwards  below  the  protovertebral  plates,  form  the  two 
primitive  aortte  before  mentioned,  from  each  of  which  by  a  sudden  bend 
outwards,  as  observed  in  birds,  the  omphalo-mesenteric  arteries  pass  ofi' 
into  the  vascular  area.  There  is,  however,  some  difference  in  the 
number  and  form  of  these  arteries  in  birds  and  mammals,  but  in  all 
of  them  the  first  circulation  begins  in  a  similar  vascular  area, 
and  among  the  earliest  veins  formed  is  a  circular  or  terminal  sinus 
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siiiTouncling  the  vascular  area  and  receiving  the  blood  from  the  capillary 
or  subdivided  vessels  of  the  area  within. 

Alimentary  Canal. — The  formation  of  the  rudiment  of  the  ali- 
mentary canal  or  pi-imitive  intestine  takes  place  below  or  within  the 
boat-shaped  part  of  the  embryo  previously  described  by  the  folding  in, 
soonest  at  the  cephalic  and  later  at  the  caudal  extremities,  and  subse- 
quently along  the  sides,  first  of  the  hypoblast,  from  which  the  epithelial 
lining  only  of  the  intestine  is  formed,  and  afterwards  of  certain  parts  of 
the  splanchnopleure  section  of  the  mesoblast  which  give  rise  by  their 
meeting  in  the  middle  to  the  mesentery,  and  furnish  in  their  extension 
over  the  intestinal  tube  the  muscular  and  peritoneal  coats  and  the 
connective-tissue  and  vascular  elements  of  the  gut. 

The  primitive  alimentary  canal  is  thus  constituted  in  its  early  form 
by  an  anterior  and  posterior  csecal  tube,  of  which  the  anterior  is  the 
first  produced, — ])oth  of  them  closed  at  the  extremity  by  the  reflected 
layers  of  the  blastoderm, — and  by  a  wide  middle  part  between  the  tubular 
portions,  which  at  first  has  the  form  of  a  groove  or  gutter  running  under 
the  vertebral  axis  of  the  euibryo,  and  completely  open  below  into  the 
cavity  of  the  yolk-sac.  As  development  proceeds,  the  intestinal  folds 
involve  more  and  more  of  this  central  open  part  and  convert  it  into 
the  tubular  form ;  and  the  opening  into  the  yolk  is  thus  gradually 
narrowed,  while  the  reflected  part  of  the  blastodermic  layers  which 
pass  between  the  yolk-sac  and  the  intestine  becomes  lengthened  out  so 

Fi^.  510. 


Pig.  510. 


-Diagrammatic  Section  through  the  Ovum  of  a  Mammal  in  the  long 
AXIS  OF  THE  Embryo. 


e,  tlie  cranio-yertebral  axis  ;  i,  i,  tlie  cexjhalic  and  caudal  portions  of  tlie  primitive 
alimentary  canal ;  a,  the  amnion  ;  a',  the  point  of  reflection  into  the  false  amnion  ;  r, 
yolk  sac,  communicating  with' the  middle  part  of  tlie  intestine  by  v  i,  the  vitello-intestiual 
duct ;  u,  the  allantois.     The  ovum  is  surrounded  externally  by  the  villous  chorion. 
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as  to  take  the  form  of  an  elongated  duct  known  as  the  ductus  vitbUo- 
intestinalis  (see  figs.  510  and  512). 

As  the  parts  constituting  the  face  are  at  first  entirely  absent,  there 
is  necessarily  no  cavity  corresponding  to  the  mouth,  bnt  as  the  struc- 
tures which  give  rise  to  the  jaws  and  face  come  to  be  developed  below 
the  cranium,  the  buccal  and  nasal  cavities  are  generally  deepened  by  the 
increasing  projection  of  these  parts,  and  the  mouth  at  last  communi- 
cates with  the  forepart  of  the  primitive  alimentary  canal  by  an  opening 
formed  into  it  at  the  fauces.  The  month,  therefore,  derives  its  lining 
from  the  epiblast  and  forms  no  part  of  the  original  hypoblastic  mflection 
which  gives  rise  to  the  pharyngeal  cavity. 

The  posterior  opening  of  the  alimentary  canal  is  formed  at  a  con- 
siderably later  period  than  that  of  the  fauces.  When  first  produced  by 
the  solution  of  continuity  in  the  posterior  reflection  of  the  blastodermic, 
layers,  it  represents  in  mammals  as  well  as  in  birds  a  cloaca,  or  part  of 
the  primitive  intestine  common  to  the  alimentary  canal  and  the  genito- 
urinary passages. 

Keproductive  and  urinary  organs. — As  completing  the  present 
short  notice  of  the  development  of  the  rudiments  of  the  principal 
organs  of  the  embryo,  there  may,  lastly,  be  mentioned  the  temporary 
organs  named  the  Wolffian  'bodies,  with  their  ducts  and  associated 
parts,  which  are  the  precursors  of,  and  are  very  constantly  and 
intimately  associated  with,  the  first  origin  and  subsequent  evolu- 
tion of  the  reproductive  and  nrinary  organs.  These  bodies,  when  fully 
formed,  constitute  a  pair  of  symmetrical  organs  which  occnpy  nearly 
the  whole  extent  of  the  abdominal  cavity,  and  consist  mainly  of  short 
transverse  tubes  presenting  a  glomerular  vascular  structure  very  similar 
to  that  which  exists  in  the  glandular  structure  of  the  permanent 
kidneys.  They  have  thus  been  named  the  primordial  kidneys  (see 
iig.  513,  W,  p.  702). 

The  Wolffian  bodies  arise  mainly  in  connection  with  the  central 
portion  of  the  mesoblast,  and  as  the  permanent  kidneys  and  their  ducts, 
the  testicles  and  ovaries,  and  the  respective  male  and  female  passages 
are  in  their  origin  all  intimately  connected  with  the  Wolffian  bodies, 
we  may  look  upon  the  minary  organs  and  the  internal  reproductive 
organs  as  equally  products  of  the  middle  layer.     The  external  sexual 

Fig.  511. — Human  Embkto    of   about 

FOUR  WEEKS  (froDi  Kulliker  after  A. 

Thomson).     | 

/,  tlie  anterior  limb  rising  as  a  semi- 
circular plate  from  the  lateral  ridge. 
(The  figure  is  elsewhere  described). 

organs  are  integumental  in  their 
origin,  and  may  be  considered 
as  aridng  in  the  epiblast  and 
mesoblast  jointly. 

The  Limbs. — The  limbs  do 
not  commence  till  after  the  rudi- 
ments of  all  the  organs  already 

referred  to  have  made  their  appearance.  They  are  to  be  regarded  as 
out-growths  from  the  lateral  part  of  the  trunk,  and  take  their  origin 
by  a  sort  of  budding  out  or  extension  of  the  elements  composing  the 
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wall  of  the  trunk  in  two  determinate  places,  wlicli  are  nearly  the 
same  in  all  vertebrate  animals,  and  receiving  prolongations  of  the 
bones,  muscles,  nerves,  and  blood-vessels  corresponding  to  a  certain 
number  of  the  vertebral  somatomes  in  the  situation  of  the  anterioi* 
and  posterior  limbs  respectively. 

2.    EXTKA-EMBBYONIC    PHENOMENA  OF    DEVELOPMENT  OF    THE    OVUM. 

Foetal  Membranes. — While  the  changes  before  described  in  the 
central  part  of  the  blastoderm  lead  to  the  formation  of  the  rudiments 
of  the  embryo,  there  are  simultaneously  developed  in  its  peripheral 
parts,  or  extended  into  them  from  within,  certain  membranes  which  lie 
external  to  the  body  of  the  embryo,  but  are  for  a  time  more  or  less 
organically  connected  with  it  by  the  original  continuity  of  the  blasto- 
dermic elements  in  which  both  sets  of  parts  originate. 

Of  these  membranes,  the  yolk-sac  exists  in  all  vertebrate  animals  ; 
the  amnion  and  allantois  are  common  to  birds  and  mammals,  bub 
are  absent  in  amphibia  and  fishes  ;  and  the  chorion,  in  the  sense  in 
which  the  name  will  be  employed  here,  may  be  considered  as  peculiar 
to  mammals. 

The  Yolk-sac. — This  name  is  given  to  an  organised  and  vascular 
covering  formed  by  the  extension  of  the  layers  of  the  blastoderm  over 
the  surface  of  the  yolk  within  the  original  vitelline  membrane.  In 
human  embryology  it  has  also  received  the  name  of  umMlical  vesicle. 
It  consists  originally  of  all  the  layers  of  the  blastoderm,  and  in  fishes 
and  amphibia  retains  these  throughout  the  whole  term  of  development  ■"' ; 

Fig.  512. — Diagrammatic  Sections  of  the  Ovum  in  different  stages  of  develop 

MENT    TO    SHOW    THE    PROGRESS    OF    FORMATION    OF    THE     MEMBRANES   (from  Kolliker). 

1.  Ovum  in  which  the  chorion  has  begun  to  be  formed,  with  the  blastoderm  and  rudi- 
ment of  the  embryo  within.  2.  Ovum  in  which  the  cephalic  and  caudal  folds  have  con- 
tracted the  umbilical  aperture  towards  the  yolk-sac,  and  the  amniotic  folds  are  turning 
towards  the  dorsal  aspect.  3.  The  amniotic  folds  being  completed  have  met  in  the  dorsal 
region  ;  the  umbilical  opening  is  more  contracted,  and  the  allantois  has  begun  to  sprout. 
4.  The  true  amnion  is  detached  from  the  reflected  or  false  amnion  which  has  disappeared 
«r  combined  with  the  chorion  ;  the  cavity  of  the  amnion  is  more  distended  ;  the  yolk-sac 
is  now  pediculated,  tlie  allantois  projects  into  the  space  between  amnion,  chorion,  and 
yolk-sac,  and  the  villi  of  the  chorion  begin  to  ramify.  5.  The  ovum  when  it  has  become 
embedded  in  the  u.terine  decidua  ;  the  yolk-sac  (umbilical  vesicle)  is  now  connected  to 
the  foetus  by  a  long  duct,  the  amnion  is  increased  in  volume  ;  the  allantois  remains  only 
as  a  pediculated  vesicle  towards  the  attachment  of  the  short  umbilical  cord  to  the  part 
of  the  chorion  where  the  placenta  is  about  to  be  formed.  The  vascular  layer  of  the 
allantois  has  now  combined  with  the  chorion,  the  villi  of  which  have  undergone  further 
development. 

d,  vitelline  membrane  or  primitive  chorion  ;  cH,  commencing  villi  of  the  chorion  ;  sp, 
epi  blast ;  sz,  villi  of  the  chorion  more  advanced  ;  cli,  permanent  chorion  with  which 
the  vascular  layer  of  the  allantois  is  combined ;  ch,  z,  true  vascular  villi  of  the  chorion ; 
am,  amnion  ;  ah,  its  cavity  ;  ks,  cephalic  fold  ;  ss,  caudal  fold  of  the  amnion  ;  a, 
the  embryonal  rudiment  in  the  epiblast ;  m,  that  in  the  hypoblast  or  mesoblast  ;  st, 
margin  of  the  vascular  area  in  its  early  stages  ;  del,  h.ypoblast  ;  kh,  hollow  of  the  vesicular 
blastoderm,  becoming  afterwards  ds,  the  hollow  of  the  yolk-sac  ;  dff,  ductus  vitello- 
intestinalis  ;  cd,  allantois  ;  e,  embryo  ;  v,  original  space  between  amnion  and  chorion  ; 
-vl,  wall  of  the  thorax  in  the  region  of  the  heart ;  Jih,  pericardial  cavity. 

*  The  batrachia  seem  to  be  an  exception  to  this  statement,  but  only  in  consequence  of 
the  yolk  sac  being  so  extremely  limited  that  it  merges  in  the  intestine  itself.  The  yolk- 
sac  and  primitive  intestine  are  in  fact  combined  together,  there  being  no  umbilical  con- 
striction between  them. 
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"but  in  the  higher  animals,  as  the  greater  part  of  the  epiblast  and 
somatopleure  layer  of  the  mesoblast  comes  to  be  detached  from  the 
surface  of  the  yolk  by  the  expansion  of  the  amnion  and  allantois,  the 
hypoblast  and  splanchnoplem'e  layer  of  the  mesoblast  are  alone  the 
permanent  constituents  of  the  wall  of  the  yolk-sac  ;  and  through  these 
last  the  membrane  of  the  yolk-sac  is  continuous  with  the  wall  of  the 
intestine  in  the  yitello-intestinal  aperture. 

The  yolk-sac  is  the  seat  of  the  first  circulation  of  the  blood  in  the 
omphalo-mesenteric  vessels  of  its  vascular  area,  and  in  oviparous 
anim-als  especially  these  vessels  spread  at  a  later  period  over  the  whole 
surface  of  the  yolk  in  the  membrane  which  forms  the  sac.     The  food- 
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material  of  the  joYlc  is  probably  absorbed  by  these  vessels  and  conveyed 
by  them  as  nourishment  into  the  system  of  the  embryo.  In  many  of 
these  animals  however  a  quantity  of  the  yolk  substance  also  remains  at 
the  end  of  incubation,  and  by  actual  transference  into  the  intestine  of 
the  embryo  serves  for  a  time  as  its  digestible  food. 

In  mammals  the  yolk-sac  grows  for  a  time  with  the  embryo  and  other 
parts  of  the  developing  ovum,  and  the  yolk  substance  within  it  must 
undergo  a  corresponding  increase.  There  are  however  great  differences 
among  the  difierent  tribes  of  mammals  in  the  extent  of  the  development 
of  the  yolk-sac  during  uterogestation.  In  some  it  remains  large  and 
vascular,  while  in  others  it  becomes  atrophied  and  its  vessels  are 
obliterated  at  a  comparatively  early  period.     In  rodentia  it  attains  its 

Fiff.  513. 


Fig.   513. — Magnified   Vikw   of   the  Human   Embryo    of   four  weeks   with   the 
Membranes  opened  (from  Leishman  after  Coste), 

y,  the  umbilical  vesicle  -with  the  omphalo -mesenteric  vessels,  v,  and  its  long  tubular 
attachment  to  the  intestine  ;  c,  the  villi  of  the  chorion  ;  m,  the  amnion  opened  ;  u,  cul 
de  sac  of  the  allantois,  and  on  each  side  of  this  the  umbilical  vessels  passing  out  to  the 
chorion  ;  a,  in  the  embryo,  the  eje  ;  e,  the  ear  vesicle  ;  h,  the  heart ;  I,  the  liver  ;  o,  the 
upper,  p,  the  lower  limb  ;  w,  Wolffian  body,  in  front  of  which  the  mesentery  and  fold 
of  intestine.     The  Wolffian  duct  and  tubes  are  not  represented. 


THE  AMNION.  703 

highest  degree  of  development,  and  comes  in  contact  for  a  space  Tvith 
the  interior  of  the  chorion.  In  ruminants  it  is  very  soon  elongated 
into  two  attenuated  tubes  which  extend  towards  the  ends  of  the  ovum. 
In  carnivora  it  is  of  considerable  size,  stretching  through  the  ovum 
towards  its  opposite  poles. 

In  the  human  species  it  retains  its  vascularity  and  continues  to 
grow  up  to  the  fifth  or  sixth  week,  at  which  time  it  has  assumed  a 
pyriform  shape,  and  is  connected  by  a  tubular  vitelline  duct  witJi  the 
intestine. 

But  notwithstanding  all  these  varieties  of  form  and  development  of 
the  yolk-sac  in  the  more  advanced  stages,  we  recognise  the  same 
fundamental  structure  and  relations  to  other  parts  as  in  oviparous 
animals.  Thus  in  human  embryoes  of  from  two  up  to  four  weeks  there 
have  been  observed  the  same  progressive  changes  from  the  wide  com- 
munication of  the  yolk-sac  with  the  open  primitive  intestine,  to  the 
narrower  vitello-intestinal  aperture,  and  the  subsequent  elongation  of 
this  into  a  tubular  vitello-intestinal  duct  (figs.  511  and  51a.). 

The  human  yolk-sac  or  umbilical  vesicle,  which  expands  proportion- 
ally with  the  early  increase  of  the  ovum,  never,  however,  surpasses  the 
size  of  a  small  pea ;  in  an  ovum  of  from  five  to  sis  weeks  it  lies  loosely 
in  the  space  between  the  amnion  and  chorion.  At  a  later  period,  the 
duct  elongating  with  the  umbilical  cord,  the  vesicle  remains  in  the 
same  relation  to  these  membranes  :  it  now  also  becomes  flattened  and 
more  closely  attached  in  the  narrower  space  remaining  between 
them.  In  the  third  month  it  is  found  connected  with  a  coil  of  intestine 
which  in  the  form  of  a  hernia  occupies  the  umbilical  cord  outside  the 
abdomen  of  the  embryo.  At  a  later  period  the  much  elongated  and 
attenuated  duct  with  the  omphalo-mesenteric  vessels,  now  impervious 
and  shrunk,  may  still  be  traced  through  the  umbilical  cord,  while  the 
flattened  vesicle  may  be  found,  even  up  to  the  end  of  the  term  of 
uterogestation,  somewhat  further  removed  from  the  place  of  implanta- 
tion of  the  umbilical  cord  on  the  internal  surface  of  the  placenta,  but 
still  between  the  amnion  and  chorion. 

Tke  Amnion. — This  vesicular  covering  of  the  embryo  does  not  exist 
in  amphibia  and  fishes,  but  in  reptiles,  birds,  and  mammals,  it  is  formed 
at  an  early  stage  of  development,  and  contains  a  fluid  in  which  the 
foetus  is  suspended  by  the  attachment  of  its  umbilical  cord  or  an 
equivalent  uniting  medium. 

The  structure  of  the  amnion  is  essentially  similar  in  the  three  classes 
of  animals  in  which  it  exists  and  its  mode  of  formation  nearly  the  same. 
It  is  destitute  of  blood-vessels,  and  consists  of  two  layers,  derived 
respectively,  the  inner  from  the  epiblast,  and  the  outer  from  the  somato- 
X3leure  layer  of  the  mesoblast ;  the  first  consisting  of  distinct  nucleated 
cells,  the  second  presenting  a  fibrous  structure.  To  its  external  or 
fibrous  layer  it  also  owes  the  property  of  muscular  contractility,  which 
it  possesses  in  a  considerable  degree. 

The  formation  of  the  amnion  takes  place  by  the  gradual  backward 
inflection  from  the  flat  part  of  the  blastoderm  adjoining  the  embryo  of 
the  two  layers  before  mentioned,  first  at  the  cephalic,  and  a  little  later  at 
the  caudal  extremity  and  at  the  sides  (see  fig.  512,  2,  3,  and  4,  Jcs,  ss,  am), 
so  that  the  two  layers  of  which  the  amnion  is  composed  are  lifted  up  and 
separated  from  the  remaining  two  lower  layers  (splanchnopleure  and 
hypoblast)  of  the  blastoderm,  by  a  space  which  is  the  same  as,  or  rather 
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a  peripheral  extension  of  the  pleuro-peritoneal  cavity.  The  embryo  thus 
comes  to  sink  down  as  it  were  (the  cephalic  part  before  the  rest)  into 
the  hollow  produced  by  the  rising  of  the  amniotic  folds  round  it. 

The  backAYard  folds  deepening  more  and  more,  gradually  converge 
on  the  dorsum  of  the  embryo,  and  at  last  come  together  (fig.  512,  3),  the 
margins  of  the  reflection  narrowing  rapidly  and  being  finally  completely 
obliterated  or  lost  by  their  convergence  and  by  the  subsequent  dissociation 
of  the  inner  from  the  outer  divisions  of  the  folds  (fig.  512,  4).  The  sepa- 
rated inner  division  now  becomes  the  entire  closed  sac  of  the  amnion, 
connected  only  with  the  rest  of  the  parts  at  the  umbilical  constriction 
where  it  is  continuous  with  the  integument  of  the  embryo.  The  outer 
dissociated  division  is  i\\Q  false  amnion  of  Pander  and  Von  Baer,  passing 
out  into  the  remaining  peripheral  j)art  of  the  blastoderm,  and  con- 
stituting for  a  time  an  external  covering  of  the  ovum,  which  in  birds 
and  rei^tiles  appears  afterwards  to  be  lost  by  thinning  or  absorption  ; 
but  which  in  mammals  may  be  connected  with  the  development  of  the 
permanent  chorion  in  a  manner  to  be  referred  to  hereafter. 

Fig.  514.  Fig.  514. — Human  Embryo  of  between 

THE  Third  and  Fourth  Week,  Mag- 
nified ABOUT  PiYE  Diameters  (from 
KoUiker  after  Allen  Thomson). 

a,  amnion  adherent  (unusually)  to  the 
interior  of  the  chorion  in  the  dorsal 
region  ;  6,  umbilical  vesicle  or  yolk-sac 
■with  a  wide  communication  with  the 
intestine  ;  c,  lower  jaw ;  d,  superior 
maxillary  process  ;  e,  second  postoral 
plate,  and  behind  it  other  two,  with 
the     pharyngeal    clefts     behind    each ; 

f,  commencement  of  the  anterior  limb  ; 

g,  primitive  auditory  vesicle  ;   h,   eye  ; 
i,  heart. 

In  the  human  ovum,  as  in  most  mammals,  the  amnion  is  formed  at  a 
very  early  period.  The  membrane  lies  at  first  so  close  to  the  embryo 
that  it  is  with  difiiculty  distinguished  from  the  surface  of  the  body  : 
but  after  the  dorsal  closure  is  completed,  it  is  soon  separated  by  the 
fluid  which  accumulates  in  its  cavity. 

The  mnsctilar  contractility  possessed  by  the  amnion  doubtless  resides  in  its 
outer  layer  derived  from  the  somatopleui-e.  The  contractions  appear  to  be 
rhythmic,  as  they  may  be  seen  in  the  opened  incubated  egg  of  the  fowl,  or  even  in 
the  entire  egg,  by  means  of  a  bright  light  in  a  dark  chamber,  from  the  sixth,  or 
seventh  day  of  incubation  ;  and  it  is  probable  that  they  are  of  a  similar  nature 
in  mammals. 

The  amniotic  fluid  contains  about  1  per  cent,  of  solid  matter,  consisting  chiefly 
of  albumen,  but  also  traces  of  urea,  ■which,  is  probably  derived  from  the  urinary 
secretion  of  the  foetus. 

It  would  appear  that  there  is  a  difference  in  the  structure  of  the  reflected  or 
false  amnion  in  birds  and  in  mammals.  In  the  former  it  is  composed  of  the 
same  two  layers  as  the  amnion  itself,  but  in  mammals  the  development  of  the 
mesoblast  appears  to  cease  at  the  place  of  reflection  of  the  true  into  the  false 
amnion,  so  that  the  latter  consists  only  of  the  corneous  layer  or  epiblast. 

The  Allantois  :  Urinary  Vesicle. — Although  this  membrane 
iDBcomes  in  the  more  advanced  stage  of  development  widely  distributed 
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in  the  periphery  of  the  ovum,  yet  in  its  origin  it  differs  from  the  other 
membranes  now  under  consideration  in  its  close  connection  with  one  of 
the  internal  organs  of  the  embryo.  As  ah'eady  stated,  this  membrane 
does  not  exist  as  a  foetal  structure  in  fishes  or  amphibia. 

In  reptiles,  birds  and  mammals,  it  is  formed  in  connection  with  the 
hinder  part  of  the  primitive  intestine,  is  the  bearer  of  an  extended 
capillary  distribution  of  the  umbilical  or  hypogastric  vessels,  and  in 
combination  with  them  performs  important  functions  connected  with 
the  nutrition  of  the  foetus  and  the  aeration  of  the  foetal  blood. 

The  recent  observations  of  His  and  of  Dobrynin  have  shown  that 
it  springs  from  splanchnopleure  elements  of  the  mesoblast  and  hypoblast, 
below  and  in  front  of  the  caudal  extremity  of  the  embryo  close  to 
the  place  of  division  of  the  mesoblast  into  its  somatopleural  and 
splanchnopleural  laminae.  The  former  of  these  is  reflected  in  the  caudal 
fold  of  the  amnion  already  described ;  the  latter  buds  out  from  the 
end  of  the  primitive  intestine  into  the  pleuro-peritoneal  space,  and 
receives  within  it  an  evolution  or  outfolded  process  of  the  hypoblastic 
lining  of  the  alimentary  canal.  It  is  placed  at  first  rather  behind  the 
part  which  later  becomes  the  cloaca,  the  orifice  of  which  is  still  closed  : 
bub  very  soon  it  is  doubled  forwards  upon  the  cloaca,  so  as  to  lie  below 
it,  and  when  this  orifice  is  afterwards  opened  it  forms  the  common 
outlet  of  the  intestine  and  the  allantois  (fig.  510,  and  fig.  512,  3  and  4). 

The  blood-vessels,  which  are  developed  with  great  rapidity  in  the 
outer  layer  of  the  allantois,  are  formed  in  connection  with  those  which 
become  the  two  umbilical  arteries  and  the  corresponding  umbilical 
veins,  which  last,  however,  do  not  run  entirely  in  the  same  course  as  the 
arteries,  but  join  the  omphalo-mesenteric  and  pass  towards  the  liver; 
one  of  the  original  veins  very  frequently  becoming  obliterated,  as  occurs 
in  the  human  subject.  The  capillary  network  spread  over  the  sur- 
face of  the  allantois  appears  almost  as  soon  as  the  first  prominence 
of  the  membrane  begins  to  bud  out  from  the  wall  of  the  primitive 
intestine,  and  the  vessels  appear  at  first  to  be  in  direct  connection  with 
the  terminations  of  the  two  primitive  aortaj ;  but  subsequently,  when 
the  two  aortas  coalesce,  the  umbilical  arteries  appear  as  branches  of  the 
ihac  arteries  (see  the  Development  of  the  Vascular  System). 

The  allantois  in  expanding  takes  the  shape  of  a  pediculated  flask-like 
vesicle,  extends  into  the  pleuro-peritoneal  space,  and  is  filled  with 
fluid  like  the  other  membranes  of  the  ovum.  It  is  usually  directed 
towards  the  right  side  of  the  embryo,  or  the  opposite  from  that  on 
which  the  yolk-sac  is  laid.  In  its  subsequent  great  expansion  in  the 
egg  of  birds  the  allantois  spreads  out  in  a  flattened  form  over  the  whole 
internal  surface  of  the  membrane  of  the  shell,  thus  coming  to  occupy 
more  and  more  of  the  space  previously  held  by  the  albumen,  the  rapid 
liquefaction  and  disappearance  of  which  are  coincident  with  the  greatest 
expansion  of  the  allantois  and  other  membranes. 

The  allantois,  though  greatly  flattened  out  in  its  most  advanced  state, 
still  consists  of  an  outer  and  an  inner  wall,  separated  by  the  fluid,  and 
both  bearing  the  finely  ramified  blood-vessels,  which,  however,  are  most 
richly  distributed  on  the  outer  division  ;  and  in  these  last  it  is  easy  to 
see,  on  opening  an  egg  during  incubation  from  the  eighth  day  onwards, 
the  marked  difference  of  colour  of  the  blood  in  the  outgoing  and 
returning  vessels  from  the  action  of  the  surrounding  air  on  the  blood 
which  has  passed  through  the  capillaries. 

VOL.   II.  Z   Z 
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It  is  also  worthy  of  notice  that  from  the  time  when  the  allantois  has 
attained  some  size,  it,  lilve  the  amnion,  is  possessed  of  contractility, 
which  probably  resides  in  its  external  layer  ;  and  accordingly,  on  open- 
ing an  incnbated  egg,  from  the  effect  of  change  of  temperature  or 
other  stimuli,  active  motions  may  be  perceived,  caused  by  the  alternate 
contraction  and  relaxation  of  different  parts. 

In  mammalia  the  origin  and  early  development  of  the  allantois  are 
nearly  the  same  as  in  birds,  but  in  a  more  advanced  stage  of  develop- 
ment, the  important  connection  which  the  outer  layer  of  this  membrane 
has  with  the  formation  of  the  vascular  part  of  the  chorion  and  foetal 
placenta,  modifies  considerably  the  relations  of  the  membrane  to  the 
other  parts  of  the  ovum.  In  all  of  them,  however,  the  two  layers  of  the 
allantois  (splanchnopleure  and  hypoblast)  are  easily  distinguished  from 
each  other,  the  internal  being  entirely  devoid  of  blood-vessels,  of  a 
simple  cellular  structure,  and  containing  the  fluid  with  which  the  inner 
sac  of  the  allantois  is  filled.  The  external  layer,  on  the  other  hand,  is 
highly  vascular,  and  is  composed  of  fibro-cellular  and  contractile  fibrous 
elements. 

In  the  ruminants,  pachydermata  and  the  cetacea,  the  allantois  attains  to  very 
large  dimensions,  extending  widely  into  the  g-reatly  elongated  ovum.  In  the 
carnivora  it  passes  round  the  middle  of  the  ovum  externally  in  accordance  with 
the  zonal  form  of  their  placenta,  while  in  the  rodentia  and  in  man  its  vesicular 
or  deeper  membrane  at  least,  containing  the  fluid,  has  a  much  more  limited, 
expansion,  and  stops  apparently  in  its  growth  as  soon  as  it  has  assumed  the  flask- 
like form  and  has  reached  the  interior  of  the  chorion.  This  appears  to  be  the 
most  probable  explanation  of  the  appearance,  described  by  several  embiyologists, 
and  observed  also  more  than  once  by  the  writer,  of  a  pyriform  space  extending 
in  early  human  ova  from  the  umbilicus  to  the  inside  of  the  chorion  at  the  place 
where  the  jDlacenta  is  beginning  to  appear  or  will  afterwards  be  fomied.  (See 
a  recently  described  case  by  W.  Krause  in  Reichert  and  Dubois,  Axchiv,  1875.) 
But  in  this  and  all  other  forms  the  umbilical  vessels  which  pass  out  of  the 
embryo  are  placed  externally  to  the  vesicle  of  the  allantois  or  its  continuation 
by  the  urachus  towards  the  urinary  bladder :  and  these  vessels  undergoing  an 
extremely  rapid  development,  pass  off  into  the  chorion  and  placenta,  which 
thus  owe  their  vascular  structures  to  the  outer  layer  of  the  allantois. 

In  the  human  subject  the  allantois  is  both  of  very  early  formation,  and  its 
non-vascular  or  internal  part  ceases  to  extend  itself  at  a  very  early  period,  that  is, 
before  the  end  of  the  fourth  week.  But  already  by  this  time  the  blood-vessels  of 
the  outer  layer,  by  themselves  or  more  probably  in  association  with  a  connective- 
tissue  layer  in  which  they  were  originally  situated,  have  overrun  the  whole 
interior  of  the  chorion,  and  very  soon  furnish  to  the  developing  villi  of  that  struc- 
ture, the  fibrous  element  with  vessels,  of  which  they  secondarily  become  possessed. 
The  manner  of  the  completion  of  this  process  will  be  apparent  from  what 
follows,  as  to  the  formation  of  the  chorion  (Von  Baer,  Eeichert,  Eemak, 
KoUiker). 

The  Cliorionn — The  ovum  of  the  mammifer  when  it  enters  the  cavity 
of  the  uterus  is  covered  only  by  the  vitelline  membrane,  or  zona  pellu- 
cida,  which  is  of  ovarian  origin,  and  as  a  rule  (notwithstanding  the 
apparent  exception  of  the  rabbit  to  be  afterwards  referred  to)  it  does 
not  appear  that  it  acquires  any  other  covering  for  some  days  after  its 
arrival  in  the  uterus.  By  the  time,  however,  that  it  becomes  fixed  in 
that  part  of  the  uterus  which  it  is  to  occupy  during  the  subsequent 
period  of  its  intrauterine  life,  a  great  change  takes  place  in  the  nature 
of  the  external  covering  of  the  ovum,  by  its  conversion  into  a  new 
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membrane,  which  acquires  more  or  less  of  a  composite  villous  structure, 
becomes  yascular  throughout  the  whole  or  a  part  of  its  extent,  and 
which,  by  its  farther  development,  comes  to  form  the  principal  means  on 
the  side  of  the  ovum  of  establishing  an  organic  connection  between  the 
embryo  and  the  uterus.  While  the  name  of  procliorion,  or  primitive 
chorion,  might  without  impropriety  be  given  to  the  altered  and  expanded 
zona  pellucida  as  the  sole  early  covering  of  the  ovum  in  mammals,  the 
term  chorion  is  most  suitably  reserved  for  the  newly  formed  membrane 
here  referred  ro. 

By  some  authors,  indeed,  th.e  name  of  chorion  has  been  applied  to  the  external 
covering  of  the  ovum  of  all  animals  without  regard  to  its  source  or  its  relations 
to  other  parts.  Thus  by  some  the  vitelline  membrane  has  been  regarded  as 
a  chorion  when  it  appeared  that  no  other  membrane  existed  external  to  it  ;  and 
by  others  the  name  has  been  given  to  such  adventitious  parts  as  the  albumen, 
shell,  or  shell  membrane  of  the  ovipara  :  but  such  a  use  of  the  term  chorion  is 
liable  to  create  confusion,  and  it  seems  more  expedient  that  it  should  be  restricted 
to  the  peculiar  external  covering  of  the  mammiferous  ovum,  which,  as  will  be 
shown  hereafter,  is  not  an  original  constituent  of  the  ovum  like  the  vitelline 
membrane,  but  a  structure  of  new  formation  in  the  course  of  development. 


Fig.  515.  —View  of  the  Chorioit  of  the  Human  Ovum  of  ■pj„_  5;[5 

ABOUT  Four  or  Five  Weeks,  opened  (from  Kolliker  after 
Allen  Thomson).    Natural  size. 

This  figure  gives  a  general  view  .  of  the  villous  structure  of 
the  chorion  previous  to  the  formation  of  a  placenta,  and  shows 
the  large  space  which  frequently  intervenes  at  an  early  period 
between  the  amnion  and  chorion. 

At  a  very  early  period  in  the  majority  of  mam- 
mals, and  especially  in  the  human  species,  the 
chorion  acquires  numerous  villous  processes  over 
the  whole  or  a  part  of  its  outer  surface.  These 
soon  undergo  a  great  development,  and  constitute  a  peculiar  feature 
in  the  human  ovum,  whence  the  membrane  has  been  known  in 'human 
embryology  as  the  chorion  frondosum,  or  shaggy  chorion. 

The  blood-vessels  borne  by  the  developed  villi  of  the  chorion,  and  named 
umbilical  in  human  anatomy,  are  originally  derived  from  those  of  the 
allantoid  membrane,  and  are  the  seat  of  an  extended  circulation  of  the 
foetal  blood  in  a  system  of  outgoing  arteries  and  returning  veins  with  their 
intervening  widely  diffused  capillary  vessels.  It  is  by  this  system  of  vas- 
cular chorionic  villi  being  brought  into  contact  or  close  proximity  with  the 
blood-vessels  of  the  uterus,  that  the  essential  conditions  of  uterogestation, 
as  regards  the  continued  supply  of  nourishment  to  the  foetus  and  the 
aeration  of  its  blood,  are  secured  in  the  whole  class  of  mammiferous 
animals.  There  is,  however,  very  great  difference  among  these  animals 
in  the  extent  and  form  of  the  development  of  the  villous  structure  of 
the  chorion  now  referred  to,  as  well  as  of  the  concomitant  changes  which 
occur  in  the  uterus  itself,  by  which  a  more  or  less  intimate  organic 
union  is  established  between  the  maternal  parent  and  the  offspring.  The 
history  of  these  differences  belongs  to  the  account  of  the  structure  and 
formation  of  the  placenta,  which  will  be  given  hereafter.  At  this  place 
it  will  be  sufficient  to  state  that,  while  in  some  animals,  as  the  pachy- 
dermata  and    cetacea,  the  connection  between  the  ovum  and  uterus 
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is  reduced  to  its  simplest  form,  and  consists  in  little  more  than  the 
implantation  of  comparatively  simple  and  diffused  chorionic  Tilli  in 
minute  recesses  of  the  vascular  lining  membrane  of  the  uterus  ;  in 
others  there  is  a  greater  or  less  degree  of  deeper  interpenetration  of 


Fiff.  516. 


Fig.  516. — Surface   and  Profile  Views 
OP  THE  Ovum  op  the  Eabbit  at  the 

TIME       OF     THE      FORMATION       OF       THE 

Chorion  (Kolliker  after  Bisclioff ). 

A  and  B,  an  oviim  of  3  lines  in 
diameter ;  C,  one  of  4  lines,  a,  the 
chorion,  with  commencing  villi  ;  6,  the 
vesicular  blastoderm  ;  c,  the  thickened 
part  forming  the  embryonic  area ;  d,  the 
increasing  extent  in  which  the  blastoderm 
was  found  to  consist  of  two  layers. 


the  more  highly  developed  and  complex  villi  with  a  vascular  structure 
formed  from  the  uterine  lining  membrane,  and  which,  from  its  being 
in  whole  or  in  part  separated  along  with  the  ovum  from  the  uterus 
in  certain  animals  at  the  period  of  birth,  has  received  the  name  of 

deciclua. 

Oi-ig-in  of  the  Chorion.— The  maimer  in  which  the  permanent  chorion  is  first 
formed  has  not  yet  been  fully  ascertained.  The  deposit  of  an  albuminous  layer  on 
the  external  surface  of  the  zona  pellucida  of  the  rabbit,  -which  takes  place  in  the 
course  of  the  descent  of  the  ovum  through  the  Fallopian  tube,  naturally  led  to  the 
supposition  that  the  chorion  might  be  derived  from  some  external  deposit  or  uterine 
secretion  of  this  natiu'e  ;  but  the  fact  that  a  similar  deposit  from  without  has  not 
been  observed  to  occur  in  other  animals,  and  that  the  albuminous  coat  in  the  rabbit 
very  soon  thins  away  like  the  zona  itself,  and  gives  place  to  other  structui'es,  has 
caused  this  \de'w  to  be  abandoned.  JSTor  is  it  probable  that  the  chorion  proceeds 
mainly,  as  held  by  some,  from  a  development  of  the  vitelline  membrane.  For 
when  the  rapid  expansion  of  the  ovum  occui'S  shortly  after  its  arrival  in  the 
cavity  of  the  uterus,  the  zona  pellucida  becomes  i^roportionally  dilated,  and  is 
reduced  to  an  extreme  degree  of  thinness,  so  that  at  this  period  it  is  liable  to  be 
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ruptured  with  the  slightest  force,  and  there  is  thus  caused  great  difficulty  in  the 
examination  of  the  ovum.  After  a  few  days  the  external  covering  of  the  ovum, 
which  was  previously  smooth  on  its  surface,  becomes  covered  with  slight  pro- 
jections, which  gradually  rise  in  the  foim  of  simple  villi,  and  these,  according  to 
Bischoff,  have  at  first  the  same  homogeneous  structure  as  the  zona  origtaally  pre- 
sented. But  according  to  KoUiker  it  may  be  doubted  whether  these  villi  are  at 
first  entirely  homogeneous,  and,  at  all  events,  he  has  ascertained  that  in  a  veiy 
early  stage  of  their  formation  in  the  human  ovum,  as  in  the  ovum  of  from  fifteen 
to  eighteen  days,  described  by  Coste,  and  which  Kolliker  had  an  opportunity  of 
examining  microscopically,  the  simple  villi  consist  of  hollow  tubular  processes, 
which  are  entii-ely  composed  of  nucleated  cells,  similar  to  those  of  the  upper 
layer  of  the  blastoderm.  It  is,  therefore,  most  probable  that  according  to  the 
view  first  suggested  by  Reichert,  the  villous  chorion  of  the  mammal's  ovum  is  a 
product  of  the  development  of  the  blastoderm,  and  is  formed  in  fact  by  the 
extension  of  its  outer  layer,  now  termed  epiblast. 


Fig.  517. — Front  and  Side  Views  of  ait  -pj^  527 

Early  Human    Ovum  Four   Times  the  °' 

NATURAL  SIZE  (froin  Eeichert). 

This  ovum  is  supposed  to  be  of  thirteen 
days  after  impregnation.  The  surface  bare 
of  villi  is  that  next  the  wall  of  the  uterus, 
showing  at  e,  the  opacity  produced  by  the 
thickened  embryonic  disc.  The  villi  covered 
chiefly  the  marginal  parts  of  the  surface. 


Villi  of  tlie  Chorion. — A  large 
part  of  the  external  surface  of  the 
OYum  is  in  the  earlier  stages  beset 
with  yilli,  and  these  villi  acquire 

yascularity  by  the  extension  into  them  of  the  blood-vessels  of  the  allan- 
toid  membrane  fi'om  within.  In  subsequent  stages,  however,  the  form 
and  extent  of  the  development  of  the  villi  are  subject  to  great  variety  in 
different  animals,  according  to  the  peculiar  form  which  is  assumed  in 
each  tribe  by  the  organic  connection  established  in  uterogestation 
between  the  uterus  and  the  ovum. 

In  the  human  species  the  villi  appear  to  become  vascular  at  a  very 
early  period,  as  ascertained  by  Kolliker  in  an  ovum  of  between  three 
and  four  weeks,  in  which  he  found  that,  while  a  delicate  loop  of  blood- 
vessels penetrated  into  each  of  the  villi,  the  internal  part  of  the  villus, 
which,  as  before  stated,  was  previously  a  hollow  cellular  tube,  was  now 
filled  with  a  fibrous  connective  tissue  bearing  the  simple  blood-vessels, 
and  of  a  structure  precisely  similar  to  that  of  the  outer  layer  of  the 
allantois.  It  is  therefore  extremely  probable  that  the  primitive  zona 
of  homogeneous  structure,  after  being  thinned  out  to  great  tenuity  by 
the  continued  expansion  of  the  ovum,  disappears  entirely,  and  is 
replaced  by  a  cellular  membranous  structure  derived  from  the  upper 
layer  of  the  blastoderm,  while  the  deeper  fibro-vascular  part  proceeds 
from  the  outer  layer  of  the  allantois ;  and  from  this  it  necessarily  follows 
that  the  chorion  is  no  original  component  of  the  ovum,  but  an  acquired 
or  newly-formed  structure  developed  from  a  union  of  epiblastic  and 
mesoblastic  elements. 

Endochorion  or  Vascular  layer  of  the  Allantois. — The  separation  of 
the  outer  vascular  layer  of   the  allantois  from  the  deeper  layer  (hypoblast") 
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whicli  contains  tlie  fluid,  is  sufficiently  obvious  in  many  animals,  as,  for 
example,  in  the  sheep  or  pig.  But  in  the  human  subject,  assuming  that  the 
vascular  elements  of  the  chorion  are  derived  from  the  allantois  as  in  animals, 
which  there  is  no  reason  to  doubt,  it  has  been  found  difficult  to  determine 
the  exact  manner  in  which  they  first  i^ass  into  the  villi,  in  consequence  of  the 
very  early  time  and  extreme  rajoidity  of  the  development  of  the  allantois. 
But  notwithstanding  the  observations  previously  mentioned  of  a  nonvascular 
jDediculated  vesicle  in  relation  with  the  allantois,  passing  from  the  umbilicus 
of  the  embryo  into  the  space  between  the  amnion  and  chorion ;  yet,  in  the 
great  majority  of  instances,  so  rapid  is  the  expansion  of  the  membrane,  that 
even  in  ova  of  from  three  to  four  weeks  old  it  has  been  found  impossible 
to  trace  more  than  the  connection  of  the  pedicle  of  the  allantois  through  the 
urachus  with  the  genito-urinary  sinus  ;  and  in  all  the  cases  which  have  been 
observed,  already  the  umbilical  vessels  are  found  detached  from  the  deeper  mem- 
brane, and  passing  widely  over  the  whole  interior  of  the  chorion  to  penetrate 
everywhere  into  its  villi.  We  are  led  thus  to  suppose  that  ])y  the  early  and  rapid 
expansion  of  the  outer  layer,  or  by  some  other  mode  of  development  of  its 
fibrous  and  vascular  elements,  the  blood-vessels  of  the  human  allantois  have  been 
brought  into  combination  with  the  cellular  layer  of  the  chorion,  and  have  pene- 
trated everywhere  into  its  villi,  into  the  whole  of  which  blood-vessels  and  fibrous 
elements  may  at  first  be  traced.  According  to  this  viev/  it  is  to  be  understood 
that  while  the  vascular  layer  of  the  allantois  may  thus  become  widely  diffused, 
the  vesicular  or  deeper  layer  may  have  only  a  comparatively  restricted  range  of 
development. 


UTEROG-E  STATION  :     PLACENTATION. 

Incapsulation  of  the  Ovxim  in  the  Decidua. — The  further  history  of 
the  chorion  may  be  best  given  along  with  that  of  the  structures  by  which 
the  ovum  is  fixed  in  the  uterus,  and  organic  union  established  between 
it  and  the  maternal  system.  This  union  is  effected  by  the  close  inter- 
penetration  of  the  vascular  villi  covering  the  surface  of  the  chorion 
with  a  soft  and  spongy  layer  of  substance,  which  is  the  product  of  a 
rapid  enlargement  or  a  sort  of  hypertrophy  of  the  lining  membrane  of 
the  uterus.  To  the  latter  substance  the  names  of  decidua  and  caduca 
are  given,  from  the  circumstance  that  it  is  separated  from  the  uterus 
at  birth  along  with  the  foetus  and  its  membranes.  Not  only  is  the 
ovum  fi'om  an  early  period  completely  imbedded  in  a  covering  of 
decidua,  but  there  takes  place  at  a  somewhat  later  period  of  uteroges- 
tation,  in  a  limited  area  of  one  side,  a  greater  enlargement  of  the 
vascular  chorionic  villi,  and  in  close  combination  witli,  and  surround- 
ing these  villi,  a  corresponding  increased  development  of  the  decidual 
substance,  by  which  there  is  produced  the  large  discoid  mass  of 
complex  structure,  named  the  ])Jacenta  (or  uterine  cake),  through 
which  the  nourishment  of  the  foetus  and  the  aeration  of  its  blood  are 
mainly  carried  on  during  the  latter  three-fourths  of  the  period  of 
uterogestation. 

This  placenta  continues  to  increase  in  size  with  the  foetus  and  its 
membranes,  and  as  pregnancy  advances,  considerable  changes  take 
place  in  the  relations  of  some  of  these  parts,  for  the  fuller  comprehen- 
sion of  which  it  will  be  necessary  to  state  the  successive  steps  by 
which  the  ovum  becomes  fixed  in  the  uterine  decidua,  or  incapmlafed, 
and  the  manner  in  which  the  development  of  the  chorion,  decidua,  and 
placenta  proceeds. 

Earliest  Observed  Hxiniaii  Ova. — In  two  distinct  cases  of  young 
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unimpregnated  women  who  died  at  the  time  cf  the  invasion  of  tlie 
menstrual  flow,  Mr.  H.  Letheby  detected  an  ovum  covered  by  the 
granular  cells  in  the  first  part  of  the  Fallopian  tube,  on  the  same  side 
on  which  a  ruptured  follicle  was  found  in  the  ovary  (Trans.  Roy.  Soc. 
Lond.  1852,  p.  7).  But  the  fecundated  human  ovum  has  not  yet  been 
traced  in  the  course  of  its  descent  in  the  Fallopian  tube,  nor  has  it, 
indeed,  been  seen  in  a  satisfactory  manner  previous  to  the  time  when  it 
is  already  imbedded  in  the  uterine  decidua.  The  history  of  the  most 
authentic  cases  of  the  earliest  ova  observed  in  this  state  leads  to  the 
conclusion  that  the  fecundated  human  ovum  does  not  reach  the  cavity 
of  the  uterus  before  the  seventh  or  eighth  day  after  its  escape  from  the 
ovary  ;  and  that  already  by  the  twelfth  or  thirteenth  day,  if  not  even 
sooner,  it  has  acquired  a  chorion  covered  with  villi,  and  has  become 
imbedded  in  the  decidua. 

The  human  ovum,  like  that  of  mammals  generally,  probably  under- 
goes very  little  enlargement  during  its  descent  through  the  tube  and 
the  occurrence  of  segmentation,  and  its  diameter  on  arriving  in  the 
cavity  of  the  uterus  does  not  probably  surpass  one  hundredth,  or  at 
most  one  eightieth  of  an  inch'.  A  very  rapid  expansion,  however,  of 
the  whole  ovum  no  doubt  occurs  immediately  after  its  entrance  into 
the  uterus,  in  the  same  manner  as  observed  in  a  nmnber  of  mammals, 
so  that  within  two  or  three  days,  its  size  may  have  increased  to  ten 
or  twelve  times  its  original  diameter.  Having  at  first  only  the  zona 
pellucida  for  its  external  envelope  (or  primitive  chorion),  and  being 
nearly  smooth  on  the  surface,  it  soon  acquires,  by  a  process  previously 
described,  its  new  chorion,  on  which  are  formed  the  permanent  villi ; 
and  by  the  time  when  it  has  become  incapsulated,  according  to 
Eeichert's  observations  in  the  recently  published  very  careful  descrip- 
tion of  an  ovum  which  was  probably  of  the  thirteenth  or  fourteenth 
day  after  impregnation,  it  has  a  diameter  of  nearly  one-fourth  of  an 
inch,  and  is  beset  with  villi  over  a  considerable  part,  but  not  the  whole 
of  its  surface  (see  fig.  517). 

Several  other  examples  of  incapsulated  ova  of  nearly  the  same  period 
have  been  observed,  as  by  Von  Baer,  Yelpeau,  Wharton  Jones,  Coste, 
and  Allen  Thomson ;  but  in  all  these,  with  the  exception  of  one 
observed  by  Velpeau,  and  supposed  to  be  of  the  tenth  day,  or  earlier, 
the  whole  surface  of  the  ovum  was  already  uniformly  covered  with  short 
thick  set  chorionic  villi. 

The  ova  obseiTed  by  Yelpeau  and  Wharton  Jones  were  like  that  described  by 
E,eichert  of  a  period  previous  to  the  formation  of  an  embryo,  and  may  be  stated 
as  probably  of  from  ten  to  foui-teen  days  old.  (Velpeau,  '•  Ovologie  Humaine," 
Paris,  1833  ;  Wharton  Jones  ia  "  Trans.  Roy.  Soc.  of  Lond.,"  1837,  p.  339  ;  Reichert, 
"  Beschr.  einer  Friihzeit.  Menschl.  Frucht,  &c.,"  Berlin,  1873.)  Those  of  Von  Baer, 
Pockels,  Coste,  and  Allen  Thomson  are  of  the  period  immediately  following,  or 
from  fourteen  to  eighteen  days  after  impregnation.  (Von  Baer, "  Entwickelungs- 
geschichte,"  p.  270  ;  Pockels  in  ''Oken's  Isis,"  182.5  ;  Coste,  "  Hist.  Gen.  et  Partic. 
du  Developpement,"  1817  ;  Allen  Thomson,  ''  Contrib.  to  the  Hist.,  &c.,  of  the 
Human  Ovum  before  the  Third  Week  after  Conception,"  in  "  Edin.  Med,  and 
Surg.  Joum."  No.  140.) 

Formation  of  Decidna. — Before  the  arrival  of  the  ovum  in  the 
uterus,  the  lining  membrane  of  that  cavity  undoubtedly  undergoes  a 
preparatory  change,  by  which  the  formation  of  the  decidua  is  com- 
menced, and  this  change,  in  its  first  stages,  or  up  to  the  time  of  the 
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arrival  of  the  ovum  in  the  uterus,  corresponds  closely  with  that  which 
takes  place  at  every  successive  menstrual  period  in  the  uterine 
membrane.  This  process  consists  essentially  in  a  thickening  or  hyper- 
trophy of  the  lining  membrane,  and  is  mainly  due  to  an  extremely 
rapid  proliferation  of  the  subepithelial  cells  and  fibro-cellular  tissue, 
and  an  increased  development  of  the  blood-vessels  and  glands. 


¥i<r.  518. 


Pig.  518. — The   Decidtta    opened 

AND  VIEWED    FROM  BEFORE  (after 

"W.  Hunter). 

This  is  a  representation  of  tLe 
tliickened  membrane  of  the  iiterus 
thrown  off  as  the  product  of  abor- 
tion at  a  very  early  period  of  gesta- 
tion. A  and  B  mark  snx^eriorly  tne 
passage  of  two  bristles  through  the 
openings  from  the  Fallopian  tubes 
into  the  cavity  of  the  uterus  (cavity 
of  the  decidua),  and  inferiorly  the 
exit  of  the  bristles  at  the  os  uteri. 
In  these  three  situations  the  torn 
edges  are  seen  where  tlie  decidua 
has  been  separated  from  the  con- 
tinuous part  of  the  mucous  mem- 
brane. At  o,  where  an  ovum  has  pro- 
bably been  lodged,  the  inner  part  of 
the  decidua  is  made  to  bulge  towards 
the  cavity  of  the  uterus,  and  begins 
to  form  decidua  reflexa. 


The  formation  of  a  com- 
plete decidua  within  the 
uterus  has  been  observed  in  several  cases  in  which,  although  the  ovum 
was  not  discovered,  or  had  not  yet  arrived  in  the  uterus,  there  was 
reason  to  believe  impregnation  had  occurred  six  or  eight  days  previously. 
(Von  Baer,  E.  H.  Weber.)  And  a  similar  condition  has  been  observed 
in  several  examples  of  extra-uterine  pregnancy  (Hunter  and  others)  j 
from  which  il  appears  that  the  earlier  changes  connected  with  the 
formation  of  the  decidua  are  independent  of  the  presence  of  the  ovum 
in  the  uterus. 

When  the  ovum  has  been  recently  imbedded  in  the  decidua,  it  forms 
a  swelling  or  projection  of  the  surface  within  the  uterine  cavity,  on 
opening  into  which  the  villous  chorion  is  found  surrounded  by  the 
substance  of  the  decidua  or  thickened  mucous  membrane ;  but  the 
covering  of  this  substance  which  passes  over  the  free  surface  of  the 
ovum,  or  that  which  is  towards  the  uterine  cavity,  is  thinner  and 
simpler  in  its  structure  than  at  the  place  of  attachment  of  the  ovum 
and  in  other  parts  of  the  uterine  surface. 

The  most  projecting  part  or  summit  of  the  swelling  formed  by  the 
imbedded  ovum  more  especially  is  somewhat  different  from  the  rest,  and 
indicates,  by  a  sort  of  cicatricial  mark,  a  place  where  the  substance 
of  the  decidua,  as  it  gradually  covered  in  the  ovum,  may  be  supposed 
to  have  finally  closed. 

The  decidual  thickening  of  the  mucous  membrane  affects  nearly 
equally  the  whole  of  the  lining  of  the  uterine  cavity,  but  towards  the 
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OS  internum,  and  the  openings  of  the  Fallopian  tubes,  the  thickening 
gradually  decreases,  and  the  membrane  assumes  the  unaltered  condition 
which  is  maintained  in  these  passages. 

By  the  fifth  or  sixth  week,  when  the  ovum  has  reached  a  diameter  of 


Fi^.  519. 


Fig.  519. — View  op  the  Interior   of    the   Human    Gravid   Uterus   at   the 
TwENTr-FiFTH  Day  (froiii  Farre  after  Coste). 

v.,  uterine  wall ;  o,  villi  of  tlie  cliorion  of  tlie  ovum  ;  dv,  decidua  vera  and  enlarged 
uterine  glands  ;  dr,  decidua  reflexa,  divided  round  tHe  margin  of  the  ovum,  and  turned 
do-mi  so  as  to  expose  its  jiitted  surface,  which  has  been  removed  from  the  ovum.  The 
right  ovary  is  divided,  and  shows  in  section  the  plicated  condition  of  the  early  corpus 
luteum. 
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Fig.  520.  — DiAGEAMMATIC   ViEW    OP   A   TRANSVERSE     SECTION    OP     THE    TJtERTJS   AT   THE 

Seventh  or  Eighth  Week  of  Pregnancy. 

c,  c,  c',  tlie  cavity  of  the  uteras  wLicli  becomes  the  cavity  of  the  decidua,  opening  at 
c,  c,  the  cornua,  into  the  Fallopian  tubes,  and  at  c',  into  the  cavity  of  the  cervix,  which 
is  closed  by  a  plug  of  mucus  ;  dv,  decidua  vera ;  the  fiat  shade  indicates  the  thickened 
subepithelial  .structure,  the  radiated  lines  the  glandular  tubes  between  this  and  the 
muscular  wall  ;  dr,  decidua  reflexa  with  the  sparser  villi  imbedded  in  its  substance  ; 
ds,  decidua  serotina,  involving  the  more  developed  chorionic  villi  of  the  commencing 
placenta,  and  forming  also  between  these  and  the  muscular  wall  a  layer  outside  which  the 
glandular  tubes  are  represented  ;  ch,  chorion,  with  its  villi ;  u,  umbilical  vessels  of  the 
fcetus  passing  into  these,  and  in  the  umbilical  cord  ;  al,  remains  of  the  allantoid 
pedicle  ;  am,  amnion  ;  y,  umbilical  vesicle  ;  y',  its  duct,  connected  with  i,  the  intestine 
of  the  embryo.  The  placenta  is  shown  as  if  it  were  situated  at  the  fundus,  but  may  be 
supposed  to  be  on  the  posterior  wall  of  the  uterus. 
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from  an  incli  to  an  iucli  and  a  half,  and  the  uterus  has  nearly  doubled 
the  size  which  it  presents  in  the  unimpregnated  state,  the  swelling  formed 
by  the  ovum  and  decidua  projects  strongly  like  a  tumour  within  the 
uterine  cavity.  The  membrane  of  the  other  parts  of  the  uterus  has 
also  undergone  progressive  increase  in  its  thickness  by  decidual  hyper- 
trophy, so  that,  having  become,  as  it  were,  too  wide  for  the  capacity 
of  the  cavity,  it  is  thrown  into  a  number  of  grooves  enclosing  irregular 
folds  and  mammillary  projections,  but  still  exhibiting  throughout  the 
peculiar  features  of  the  mucous  lining  membrane. 

On  the  side  of  the  ovum  which  is  towards  the  uterine  wall,  there  is  also 
a  layer  of  decidua,  in  which  the  villi  of  the  chorion  are  imbedded.  At 
this  place,  from  the  sixth  to  the  eighth  week,  these  villi  begin  to  be  more 
thickly  set  and  of  larger  size,  and  to  undergo  a  more  complex  ramifica- 
tion than  on  the  other  sides;  and  as  at  the  same  time  there  is  a  correspond- 
ing increase  in  the  decidual  substance,  these  villi  become  more  and  more 
closely  involved  in  it,  and  there  is  thus  established  the  commencement 
of  that  more  intimate  combination  of  foetal  villi  and  decidual  substance, 
which  by  its  progressive  development  in  the  two  or  three  following 
weeks,  gives  rise  to  the  formation  of  the  placenta. 

By  the  changes  now  described  there  has  become  apparent  the  dis- 
tinction of  the  three  portions  of  decidua  usually  recognised  by  authors, 
viz.,  decidua  vera,  decidua  reflexa,  and  decidua  serotina.  The  first  of 
these  is  that  portion  of  the  altered  membrane  which  lines  the  general 
cavity  of  the  uterus  in  every  part  except  that  occupied  by  the  attach- 
ment of  the  ovum  ;  the  decidua  reflexa  is  that  which  covers  the  ovum 
as  it  projects  into  the  uterine  cavity,  and  which  is  continuous  with  the 
decidua  vera  at  the  base  of  the  swelling. 

The  name  of  decidua  serotiim  has  been  somewhat  variously  employed 
by  authors  ;  but  may,  in  the  meantime,  be  most  suitably  applied  to  the 
whole  of  the  decidual  substance  intervening  between  the  ovum  and  the 
uterus,  and  which  may  include,  therefore,  both  that  which  is  concerned  in 
the  formation  of  the  placenta,  and  the  distinct  layer  of  decidual  sub- 
stance which  at  a  later  period  is  found  covering  the  uterine  surface  of 
the  placenta. 

The  cavity  of  the  decidua,  which  intervenes  between  the  decidua  vera 
and  decidua  reflexa,  and  which  subsists  during  the  first  half  of  the 
period  of  pregnancy,  is  obviously  the  same  as  the  original  uterine 
cavity,  and,  so  long  as  it  remains  open,  naturally  communicates  with 
the  Fallopian  tubes  at  the  upper  angles,  and  the  canal  of  the  cervix 
at  the  lower.  In  the  last  three  months  of  pregnancy,  however,  this 
cavity  is  completely  obliterated  by  the  union  of  the  decidua  vera  and 
reflexa  into  one  layer  over  the  whole  of  their  extent,  so  that  when 
afterwards  much  extended  and  reduced  to  a  comparatively  thin  and 
irregular  stratum  of  substance,  they  are  at  birth  thrown  oiF  as  one 
membrane  along  with  the  other  envelopes  of  the  foetus. 

As  the  human  ovum  has  never  been  observed  in  the  progress  of  its 
mcapsulation,  the  exact  manner  in  which  this  occurs  is  still  involved  in 
doubt.  From  the  various  observations,  however,  already  referred  to  on 
early  ova  which  have  undergone  recent  incapsulation,  and  the  know- 
ledge of  what  occurs  in  animals,  it  may  be  conjectured,  as  first  suggested 
by  Sharpey  (Baly's  transl.  of  "  Miiller's  Physiology,"  1842,  p^  1580) 
that  the  minute  ovum  when  it  arrives  in  the  uterus  may  be  sunk  or 
imbedded  in  the  soft  or  spongy  substance  of  the  mucous  membrane,  and 
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that  •when  it  subsequently  enlarges  it  carries  with  it,  or  there  is  formed 
round  it  a  covering  of  the  membrane,  the  substance  of  which  is  at 
the  same  time  undergoing  a  rapid  decidual  development,  and  that  this 
substance  continuing  to  grow  with  the  ovum  and  expanding  with  it, 
constitutes  the  decidua  reflexa.  The  entire  similarity  of  the  structure 
of  the  decidua  reflexa  at  its  base  with  that  of  the  decidua  vera  is 
in  favour  of  the  view  that  it  owes  its  origin  to  a  similar  mode  of 
production. 

The  formation  of  the  decidua  is,  as  has  already  been  stated,  to  be 
attributed  mainly  to  a  great  increase  in  the  development  of  the  sub- 
epithelial tissue.  Its  substance,  accordingly,  consists  in  great  measure 
of  the  cells,  round  and  spindle-shaped,  and  cell-fibres  which  belong 
to  that  tissue  ;  but  these  are  mingled  with  much  larger  irregularly- 
formed  multi-nuclear  cells,  which  increase  in  number  as  pregnancy 
advances,  and  which  are  peculiarly  characteristic  of  the  structure  of 
the  outer  layers  of  the  decidua. 

The  blood-vessels  and  the  glands  of  the  mucous  membrane  also 
undergo  great  enlargement  and  modification.  The  whole  of  the  decidua 
vera  and  the  basilar  part  of  the  reflexa  are  at  first  penetrated  by 
blood-vessels  derived  from  those  of  the  uterus,  more  especially  in  the 
latter  part  of  the  second  and  first  half  of  the  third  months,  when  the 
decidual  structure  may  be  considered  as  having  reached  its  highest 
degree  of  development.  After  this  time  the  blood-vessels  of  the 
decidua  reflexa,  and  later  those  of  the  whole  lining  decidua  of  the 
uterus,  except  in  the  immediate  vicinity  of  the  placenta,  shrink  and 
ultimately  disappear,  so  that  the  united  decidua  becomes  in  the  end 
wholly  non-vascular.  The  same  retrograde  process,  or  atrophy  and 
disappearance,  occurs  in  the  blood-vessels  of  the  chorionic  villi  by  which 
the  decidua  reflexa  is  penetrated,  and,  although  the  villi  themselves 
never  entirely  disappear,  but  may  be  traced  even  in  the  advanced  stages 
of  pregnancy  as  sparse  and  shrivelled  irregular  arborescent  processes, 
the  blood-vessels  very  soon  begin  to  shrink  and  disappear  from  all  the 
villi  which  do  not  form  part  of  the  placental  structure. 

The  uterine  glands  also  become  enlarged  during  the  development  of 
the  decidua,  being  both  elongated  in  their  deeper  convoluted  portions, 
which  are  directed  towards  the  muscular  Avail  of  the  uterus,  and  under- 
going a  peculiar  change  not  yet  fully  understood,  in  the  parts  next 
their  openings  on  the  inner  surface.  Over  the  surface  of  the  whole 
decidua  vera,  as  it  lines  the  uterine  cavity,  and  also  on  the  decidua 
reflexa,  except  at  its  most  projecting  part,  a  number  of  irregular  pits 
are  visible  to  the  naked  eye,  which  are  frequently  so  numerous  as  to 
give  the  membrane  a  reticulated  or  sieve-like  appearance  (cups  of 
Montgomery).  These  pits  are  really  the  uterine  glands  enlarged  and 
altered  soon  after  the  commencement  of  pregnancy,  as  first  clearly 
shown  by  Sharpey  (Miiller's  Physiology  by  Baly,  1842,  p.  1579),  and 
the  fact  has  since  been  observed  by  others  (Kolliker,  Coste).  The 
villi  embedded  in  the  decidua  do  not,  however,  occupy  the  cavities  of 
these  pits,  but  so  far  as  yet  ascertained,  are  rather  sunk  in  the  inter- 
glandular  hypertrophied  substance  of  the  decidua  between  them 
(Schroder  van  der  Kolk,  Kolliker,  and  Priestley.  See  the  lectures  by 
the  latter  "  On  the  Development  of  the  Gravid  Uterus,"  1860,  p.  24). 
Upon  the  more  exact  relation  of  the  villi  to  the  uterine  glands  in  the 
placenta,  further  remarks  will  be  made  hereafter. 
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From  wliat  has  been  preTiously  stated,  it  will  be  seen  that  there  is  at 
first  a  general  union  or  interpenetration  of  the  villi  of  the  chorion  with 
the  vascular  decidua,  the  more  extended  part  of  this  union  taking  place 
in  the  decidua  reflexa,  and  the  remainder  in  that  portion  of  the  decidua 
which  is  interposed  between  the  ovum  and  the  uterus,  and  which  has 
been  already  referred  to  as  decidua  serotina,  but  which  might  from  its 
relation  to  the  formation  of  the  placenta  with  propriety  be  named 
decidua  placentalis.  Already  in  the  latter  half  of  the  second  month  of 
pregnancy,  the  villi  on  the  uterine  side  of  the  chorion  become  larger 
and  more  ramified  than  those  which  run  into  the  decidua  reflexa  ;  and 
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jPig.  521. — View  of  the  Dissection  op  the  Pregnant  Uterus  of  Forty  Days  after 
Conception  (from  Leishmau  after  Coste). 

a,  tlie  embryo  shown  within  the  amnion  ;  c,  the  chorion  opened,  the  umbilical  vesicle 
seen  lying  between  it  and  the  amnion  ;  d,  deep  surface  of  decidua  reflexa  where  it  has 
been  turned  back  from  the  ovum  ;  r,  r,  remainder  of  the  decidua  reflexa  projecting  from 
the  uterine  surface  ;  v,  decidua  vera,  of  which  the  glandular  structure  is  shown  in  the 
c"ut  edges  ;  x  x ,  openings  of  the  Fallopian  tubes  seen  within  the  uterus.  In  the 
uterine  wall  the  distinction  is  shown  between  the  outer  muscular  part  with  the  wide 
uterine  vessels^  and  the  glandular  and  decidual  internal  parts. 
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as  these  latter,  while  they  still  continue  to  grow  to  some  extent,  do  not 
increase  in  number,  or  in  the  complication  of  their  ramifications,  they 
gradually  become  more  sparse,  thin,  and  elongated,  and  lose  their 
vascularity. 

An  active  process  of  increase  meanwhile  is  going  on  in  the  villi 
placed  on  the  uterine  side  of  the  ovum,  by  which,  while  they  become 
larger  and  longer,  and  penetrate  more  deeply  into  the  uterine  decidua, 
they  also  become  more  minutely  and  extensively  ramified.  Changes  at 
the  same  time  occur  in  the  disposition  of  the  decidua  placentalis,  by 
which  it  receives  into  its  substance,^and  is  more  and  more  intimately 
interlocked  with  the  developing  chorionic  villi.  In  the  earlier  stages, 
as  up  to  the  eighth  or  ninth  week,  the  foetal  and  maternal  structures 
may  be  separated  by  the  withdrawal  of  the  villi  from  the  recesses  of 
the  decidua  in  which  they  are  sunk  ;  but  by  the  middle  of  the  third 
month,  this  becomes  no  longer  possible  in  consequence  of  the  closer 
combination  or  interlocking  of  the  two  structures  ;  in  the  remaining 
half  of  the  third  month  the  union  becomes  more  intimate,  and  by 
the  middle  of  the  fourth  month  the  completion  of  the  placenta  is 
effected  by  the  continued  increase  in  size  and  modification  of  the 
structure  of  the  maternal  and  fcetal  elements. 

Striicture  of  the  Placenta. — At  the  time  when  the  placenta  has 
attained  its  characteristic  form  and  peculiar  structure,  or  after  the 
fourth  month  of  pregnancy,  it  forms  a  large  discoid  or  lenticular  mass 
interposed  in  a  limited  space  between  the  foetal  membranes  and  the 
uterus.  It  presents  a  foetal  and  a  uterine  surface,  the  former  having 
implanted  into  it,  usually  near  the  middle,  the  umbilical  cord,  which 
carries  to  the  placenta  the  umbilical  arteries  and  veins  of  the  foetus, 
and  is  covered  by  a  tubular  prolongation  of  the  amnion,  passing  over 
it  from  that  membrane  where  it  lines  the  placenta  to  the  abdominal 
integument  of  the  foetus.  The  placenta  continues  to  increase  in  size 
with  the  foetus,  and  when  it  has  attained  its  full  dimensions,  it  has  a 
width  of  from  seven  to  eight  inches,  and  a  thickness  of  about  one 
inch  and  a  quarter.  But  towards  the  circumference  it  rapidly  thins, 
where  it  becomes  continuous  with  the  chorion  and  decidua.  The  foetal 
surface  is  covered  by  the  chorion  and  amnion,  and  presents  the  larger 
divisions  of  the  umbilical  vessels  before  they  dip  into  the  substance. 
The  uterine  surface  shows  a  subdivision  into  a  number  of  large  lobes, 
sometimes  called  cotyledons,  which  are  covered  with  a  layer  of  decidua 
(d.  serotina)  passing  over  the  whole  of  this  surface,  and  sending  septal 
prolongations  into  the  placenta  between  the  lobes,  which  in  some  places 
run  almost  as  far  as  the  foetal  surface. 

The  more  uniform  substance  of  the  placenta  (parenchyma)  within 
these  lobes,  consists,  on  the  one  hand,  of  highly-developed  and  compli- 
cated tufts  of  foetal  villi,  which  adhere  to  the  chorion  by  vascular  stems 
of  considerable  size  and  strength,  and  subdivide  again  and  again  into 
very  complex  ramifications  ;  and  on  the  other,  of  certain  dilated  vascular 
spaces  continuous  with  the  uterine  vessels,  the  outlines  of  which  follow 
closely  the  ramifications  of  the  villi  throughout  every  inflection  of  their 
surface.  These  spaces  are  doubtless  to  be  regarded  as  belonging  to 
the  maternal  system,  but  their  exact  nature  it  is  very  difl&cult  to  deter- 
mine in  the  fully  formed  condition.  They  probably  originally  possess 
walls  of  their  own,  and  are  contained  in  abounding  substance  of  uterine 
or  decidual  tissue  ;  but  this  has  become  so  reduced  in  thickness,  or  so 
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closely  united  with,  and  so  nearly  assimilated  in  its  structure  to 
the  villi,  that  it  has  been  found  difficult  to  follow  it  with  certainty, 
and  its  existence  has  even  by  many  been  entirely  denied.  The 
relations  of  these  two  parts  of  the  jDlacenta,  as  ascertained  by  the 
observation  of  their  gradual  development  in  the  growth  of  the 
placenta,  and  their  comparative  anatomy  in  animals,  will  be  referred  to 
hereafter. 

The  whole  of  the  placental  mass,  together  with  the  layer  of  decidua 
on  its  external  or  uterine  surface,  and  the  united  decidua  vera  and  reflexa 
are  separated  at  birth  along  with  the  foetus  and  its  membranes. 


Fis 


Fig.  522. — Vertical  Section  through  the  middle  part  of  the  Placenta  and  the 
Uterine  "Wall  (from  Farre  after  Wagner). 

The  iDreparation  was  from  a  woman  who  died  in  the  thirtieth  week  of  gestation  :  the 
fines  u,  u,  run  through  the  wall  of  the  uterus  to  the  outer  surface  of  the  placenta  ;  d,  the 
decidua  serotina  ;  }:>,  the  tufts  of  fcetal  vascular  villi,  of  which  two  larger  divisions  are 
separated  by  decidual  septa,  as  at  di)  ;  /,  the  placental  end  of  the  umbilical  cord  ; 
am,  the  amnion  ;  ck,  the  chorion  ;  vf,  divided  fcetal  blood-vessels  ;  v,  stems  of  vascular 
villi ;  us,  uterine  sinuses  or  veins  ;  a,  a,  coiled  arteries  passing  into  the  placenta. 


Circulation  of  blood  in  the  placenta. — The  existence  of  a  distinct 
circulation  of  blood  in  the  fcetal  and  in  the  maternal  vessels  of  the 
placenta,  discovered  by  the  Hunters,  has  long  been  placed  beyond 
doubt  by  the  experimental  investigations  of  all  those  who  have  injected 
the  two  sets  of  vessels  with  sufiicient  care  and  success.  The  nature  of 
the  distribution  of  the  vessels  is  very  different  in  the  two  parts  of  the 
placenta.  In  the  tufts  of  foetal  villi,  the  umbilical  arteries  and  veins, 
possessed  of  distinct  coats,  undergo  gradual  subdivision  by  ramification 
into  smaller  and  smaller  tubes,  until  they  at  last  reach  capillary  minute- 
ness, and  the  terminal  capillaries  run  in  long  and  tortuous  loops  which 
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pass  from  one  extreme  branch  of  tlie  villi  to  another,  within  the  fibrous 
core  of  which  they  are  situated,  and  Schroder  van  der  Kolk  has 
described  also  a  finer  superficial  network  of  capillaries  distributed 
below  the  epithelial  covering  of  the  stems  and  larger  branches  of  the 
villi.  By  artificial  injections  fluids  can  be  made  to  pass  with  perfect 
precision  from  the  umbilical  arteries  through  the  capillaries  of  the 
villi  into  the  veins,  or  in  the  reverse  direction  from  the  veins  into  the 
arteries.  Nor  does  there  ever  occur,  except  from  visible  accidental 
rupture  of  the  vessels,  either  extravasation  of  the  injected  material  into 
the  intervening  tissue,  nor  any  escape  into  the  maternal  sinuses. 

Fig.  523.  Fig.  523. — Small   Portion   of   Pla- 

centa  SHOWING     THE    FcETAL    ViLLI 

Slightly  jVIagnified  (from  Leish- 
man  after  Weber). 


The  uterine  blood-passages, 
on  the  other  hand,  are  of  the 
nature  of  irregular  spaces,  into 
which  the   maternal  blood  is 
poured  directly  by  numerous 
small  coiled  arteries  which,  as 
shown  by  the  Hunters,  pierce 
the  external  decidua  at  the  uterine  surface  of  the  placenta,  and  open 
into  these  blood-spaces  without  the  intervention  of  any  capillary  sub- 
Fig.  524.  Fig.  524.— Chorionic  Villus  from  the  Pla- 
centa AT  THE  Twelfth  Week.     Enlarged 
180  Diameters  (from  Leisliman  after  Ecker). 

From  a  to  h,  the  epithelial  covering  is  left 
entire  ;  from  a  to  a  it  has  been  removed  and 
tlie  fibrous  core  with  the  caxjUlarj^  blood-vessels 
is  shown. 

division.  The  result  of  artificial  in- 
jection of  the  blood-vessels  in  the 
pregnant  uterus  equalh^  demonstrates 
the  nature  of  the  circulation  in  the 
maternal  part  of  the  placenta,  for  it 
is  easy  to  show  by  this  method,  that 
a  fiuid  thrown  into  the  uterine  arteries 
fills  at  once  all  the  maternal  blood- 
spaces  of  the  placenta,  surrounding 
everywhere  the  chorionic  or  foetal 
villi,  and  returns  thence  into  the 
uterine  veins  by  a  number  of  slanting 
venous  channels,  the  utero^jjJacental 
simises,  provided  with  delicate  coats, 
which  issue  from  the  i^lacenta  at  its 
uterine  surface  by  piercing  the  decidua  serotina,  and  which  are  most 
numerous  towards  the  circumference  of  the  organ,  where  they  are  in  com- 
munication with  the  so-called  circular  vein  or  circular  sinus  previously 
referred  to.  Some  of  these  veins  may  even  be  traced  for  some  distance 
into  the  placenta,  in  the  septa  of  decidual  substance,  which  are  pro- 
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longed  from  the  external  decidua  serotina  between  the  lobes.  (For  an 
excellent  account  of  the  evidence  in  favour  of  the  foregoing  views, 
supported  by  original  observations,  see  Professor  Turner's  observations 
on  the  "  Structure  of  the  Human  Placenta,"  in  Proceed.  Roy.  Soc.  of 
Edin.,  May,  1872,  and  in  Journ.  of  Anat.,  vol.  vii.,  p.  120.) 

Farther  Consideration  of  the  Structure  of  the  Placenta. — Two  doubtful 
points  respecting  the  structure  of  the  placenta  still  require  consideration,  viz.. 
1st,  the  extent  to  which  uterine  tissue  is  included  in  or  penetrates  tato,  or 
remains  as  a  constituent  of  the  maternal  part ;  and  2nd,  the  relation  of  the 
interpenetration  of  the  foetal  villi  and  the  aiterine  decidua  to  the  glandular  or 
other  structures  of  the  uterus. 

In  regard  to  the  first  of  these  poiats,  the  views  of  anatomists  still  differ  gi-eatly : 
for,  on  the  one  hand,  some  hold  that  there  is  no  vestige  of  uterine  tissue  left  in 
connection  with  the  maternal  blood-spaces,  at  all  events  in  the  deeper  two-thirds 
of  the  thickness  of  the  placenta,  and  that  consequently  the  maternal  blood  cii'cu- 
lating  in  the  placenta  is  in  direct  contact  with  the  epithelial  covering  of  the 
foetal  villi ;  while  others  are  inclined  to  regard  that  epithelial  covering-,  or  some 
part  of  the  structui-e  which  appears  to  belong  to  the  foetal  villi,  as  really 
containirig  some  of  the  elements  of  the  decidua. 

Goodsu-,  indeed,  described  a  double  cellular  covering  of  the  placental  vUli, 
regarding  the  external  layer  as  of  uterine,  and  the  internal  as  of  foetal  origin. 
But  later  anatomists  have  not  succeeded  in  confinning  these  observations,  and  it 
does  not  appear  certain  that  there  is  more  than  one  obvious  layer  of  cells  over 
the  surface  of  the  foetal  villi.  If,  therefore,  we  assume  the  existence  of  a 
layer  of  uterine  cells  in  the  fully  formed  placenta,  we  are  reduced  to  the 
Tiecessity  of  supposing  that  it  has  either  replaced  that  of  the  chorionic  villi,  or 
has  become  closely  incorporated  with  it  (Kolliker). 

The  observation  of  the  gradual  penetration  of  the  decidua  by  the  villi  in  the 
earlier  stages  of  placental  formation,  the  possibility  of  separating-  the  foetal  and 
maternal  structiu-es  from  each  other  during  a  certain  time,  and  the  undoubted 
presence  both  of  decidual  tissue  and  of  uterine  blood-vessels  possessed  of  walls 
of  their  own  in  the  commencement, — all  supply  convincing  proof  that  uterine 
elements  of  structru-e  have  originally  existed  in  the  placenta,  and  have  contri- 
buted to  its  fonnation  along  -with  those  derived  from  the  foetus  ;  but  the  con- 
dition of  the  uterine  elements  ia  the  more  advanced  stages  of  placental  growth, 
if  they  really  then  exist,  still  requires  further  investigation. 

The  actual  enlargement  of  the  uterine  capillaries  of  the  decidua  into  the  form 
of  vascular  spaces  has  been  traced  by  Virchow  (Archiv,  vol.  iii.  p.  450),  and 
Priestley  has  observed  the  capillary  form  of  the  maternal  vessels  surrounding  the 
•pilli  in  a  product  of  abortion  of  the  8th  week  (Lectures  on  the  Development  of 
the  Gravid  Uterus,  1860,  p.  62).  Some  anatomists,  indeed,  as  Schroder  Van  der 
Kolk,  affirm  that  they  have  been  able  to  detect  the  remains  of  a  vascular  wall  in 
connection  with  the  blood-spaces  of  some  parts  of  the  placenta  (Waamemingen 
over  het  Maaksel  van  de  Menschelijke  Placenta  :  Amsterdam,  1861),  so  that  it 
may  with  reason  be  surmised  that  the  change  which  takes  place  in  the  structure 
of  the  parts  forming  the  human  placenta,  in  the  coui-se  of  the  fourth  month,  is 
mamly  of  the  nature  of  a  rapid  thinning  and  absorption  of  the  elements  of  the 
decidual  tissue  and  vascular  walls. 

The  view  that  the  placenta  originally  consists  of  uterine  as  well  as  foetal  ele- 
naents  combined  receives  the  fullest  confirmation  from  the  study  of  the  comparsr 
tive  anatomy  of  the  various  forms  of  simple  placental  structiires  in  animals,  as, 
in  the  diffuse  placenta  of  the  pachydermata,  solipeds,  cetacea  and  some  other 
animals,  and  in  the  cotyledonous  placenta  of  most  ruminants ;  in  both  of 
which  only  the  foetal  part  of  the  placental  structure  undergoes  separation  from  the 
uterus  at  birth, — constituting  the  non-deciduate  foi-m  of  placentation  ;  and  in  the 
va,rious  forms  of  more  complete  union  of  the  foetal  and  maternal  elements,  which 
occur  in  the  ::onal  placenta  of  the  camivora,  and  the  discoid  of  the  rodentia,  in 
which  more  or  less  of  the  maternal  sti-ucture  derived  from  decidual  formation 
comes  away  with  the  foetal  product  at  birth.  But  in  all  forms  of  placentation  of 
VOL.  II.  3  A 
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animals,  witli  the  exception  of  the  Simiae,  in  which  the  structure  probably  ag-rees 
closely  Avith  the  human,  the  elements  of  uterine  structure  are  very  clearly  present, 
and  the  uterine  blood-vessels  may  be  recognised  as  such,  not  being-  dilated  into  wide 
sinuses  or  lacunte,  but  retaining  more  or  less  the  capillary  form  of  distribution  ;  al- 
thouo-h  in  some  instances  the  capillaries  have  undergone  considerable  dilatation,  and 
seem  to  be  passing-  into  the  condition  of  venous  sinuses.  (For  a  veiy  instiTictive 
view  of  the  structure  of  the  placenta  in  these  various  animals  and  their  bearing 
upon  the  nature  of  the  placental  structure  in  general,  the  reader  is  referred  to 
Professor  Turner's  Lectures  on  the  Structure  of  the  Diffused,  the  Polycotyledonous 
and  the  Zonary  forms  of  Placenta,  as  published  in  the  Journal  of  Anatomy  and 
Physiology,  vol.  x.,  p.  127,  Oct.  1875,  and  separately,  1876.  There  may  also  be 
consulted  Von  Baer's  Entwickelungsgeschichte.  1839,  and  Eschricht,  De  organis 
quas  Respirationi  et  Xutritioni  Foetus  Mammalium  inser-viunt,  Hafnia3,  1837.) 

Belation  of  the  Uterine  Glands  to  the  Placental  structure. — It  has  long  been 
known  that  in  the  placentation  of  various  mammals  the  uterine  glands  underga 
an  increased  development,  and  it  has  been  supposed  that  they  enter  into  structural 
and  functional  relation  with  the  foetal  villi  ;  but  more  precise  knoM'ledge  is  still 
wanting  as  to  whether,  and  to  what  extent  this  relation  is  of  the  natui'e  of  an 
actual  penetration  of  the  cavities  of  developed  and  dilated  glands  by  the  cho- 
rionic villi.  It  was  shown  by  Dr.  Sharpey  (Mliller's  Physiology  by  Baly,  vol.  ii, 
p.  1.57i)  that  thedecidua  which  enters  into  the  formation  of  the  zonular  placenta 
of  the  dog,  and  doubtless  of  other  camivora.  consists  of  a  hypertrophical  part  of 
the  uterine  mucous  membrane  of  corresponding  figure,  in  which  the  main  ducts. 
of  the  largely  developed  glands  become  dilated  at  their  orifices  into  utricular 
saccules  or  pouches,  that  hollow  membranous  processes  containing  foetal  vessels 
rise  from  the  chorion,  from  among  the  smaller  vascular  villi,  and  apply  their 
flattened  summits  to  the  widened  mouths  of  the  gland  ducts,  and  enter  a  short 
way  within  the  saccules  ;  while  these  receptacles  are  filled  with  a  whitish  semi- 
fluid secretion  and  are  lined  with  an  epithelium,  which  also  covers  the  intruded 
part  of  the  foetal  process.  As  pregnancy  advances,  the  chorional  and  decidual 
structures  are  further  interlocked,  and  the  arrang-ement  becomes  more  intricate. 
Decidual,  that  is,  maternal  blood-vessels  are  abundantly  distributed  round  the 
villi  of  the  chorion,  which  they  closely  cover.  These  vessels  are  larger  than  ordi- 
nary capillaries  ;  they  are  unsupported  by  decidual  stroma,  and  are  separated 
along  with  the  rest  of  the  placenta  in  partuiition. 

The  observations  of  Shai-pey  appeared  to  receive  confii-mation  from  the  inves- 
tigations of  E.  H.  Weber  (Zusatze  zur  Lehre  vom  Baue,  &c.,  der  G-eschlechts- 
organe,  1846.)  and  Bischoff  (Entwick.  des  Hundeeies,  1810,),  and  by  many  these 
observations  have  been  held  to  prove  satisfactorily  a  connection  between  the 
glands  and  placental  formation.  But  Dr.  Sharpey  has  expressed  himself  cautiously 
on  this  general  question,  and  more  recent  observations  tend  rather  to  throw 
doubts  on  the  penetration  of  the  uterine  glands  by  the  villi  of  the  chorion. 

More  especially  the  observations  of  Ercolani  (Mem.  of  the  Acad,  of  Bologna, 
1868  and  1870)  and  of  Turner  (loc.  cit.)  seem  to  show  that  it  is  possible  that  the 
saccules  described  by  Sharpey  may  be  formed  in  the  uterine  decidua  of  the  car- 
nivora  independently  of  the  glands  ;  and  they  are  disposed  to  think  that  these 
saccules  are  produced  rather  in  the  interglandular  tissue.  From  an  examination 
of  the  whole  evidence  on  this  point  and  an  investigation  of  the  structuje  and 
formation  of  the  placenta  in  different  animals,  contained  in  the  lectures  previously 
quoted.  Turner  has  ascertained  that  in  the  diffused  form  of  placenta  the  uterine 
glands  open  in  the  sow  into  feebly  vascular  intervals  between  the  vascular  crypts 
in  which  the  foetal  chorionic  fringes  are  sunk,  and  not  into  these  crypts  them- 
selves ;  that  in  the  mare  the  glands  open  on  elevated  ridges  between  the  vascular 
crypts  which  receive  the  foetal  villi,  and  only  in  the  Cetacea  (Orca  gladiator) 
did  he  find  gland  apertures  in  some  of  the  placental  crypts.  Again,  the  maternal 
cotyledons  of  the  ruminants  are  destitute  of  utricular  glands,  and  these  are 
confined  to  the  sunk  intercotyledonous  part  of  the  uterine  membrane.  In  the 
zonal  placenta  of  the  camivora,  as  previously  stated,  Turner  failed  to  trace  the 
uterine  glands  into  the  recesses  of  the  decidua  which  receive  the  prolongations  of 
the  chorionic  plates  and  villi,  constituting  the  fcetal  portion  of  the  placenta  ;  and 
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he  differs  therefore  from  Shai-pey  in  regarding  the  crji^ts  as  of  new  formation 
and  independent  of  the  glands.  He  is  thus  led  to  the  general  conclusion  that  in 
no  kinds  of  placenta  do  the  uterine  glands  form  an  essential  part  of  the  placental 
structure,  and  that  the  uterine  cryi^ts  which  receive  the  fcetal  processes  are 
essentially  interglandular  in  then-  origin.  Nevertheless  Timier  recognises  the 
existence  in  all  placentas  of  uterine  stiaictural  elements  of  a  cellular  nature,  which 
he  regards  as  descendants  of  the  epithelial  or  subepithelial  tissue  of  the  uterine 
mucous  membrane,  and  to  which  he  attributes,  as  others  have  done,  glandular 
functions  in  the  preparation  of  the  matter  which  is  absorbed  as  nourishment  by 
the  blood-vessels  of  the  foetal  villi.  Further  observations  will  be  required  to 
deter^nine  in  how  far  these  views  admit  of  application  to  the  structure  of  the 
fully  formed  human  placenta.  (See  also  Tmiier's  Memoir  on  the  Placentation  of 
Seals.     Trans.  Roy.  Soc.  of  Edinbui'gh.     Vol.  xxvii..  187.5.) 

With  respect  also  to  the  relation  of  the  uterine  glands  to  the  penetration  of  the 
decidua  by  the  villi  in  the  formation  of  the  human  placenta,  fua-ther  observations 
are  stiU  requii-ed.  As  previously  stated,  anatomists  have  failed  to  trace  the  viUi  into 
the  dilated  parts  of  the  enlarged  glands,  and  Kolliker  after  a  careful  examination 
of  the  whole  subject,  comes  to  the  conclusion  (Lectures,  p.  162)  that  the  villi  in 
becoming  involved  in  the  decidua  have  no  permanent  connection  with  the  glands. 
He  affirms  indeed  that  the  glands  soon  shrink  over  the  whole  extent  of  the 
decidua,  beginning  to  do  so  as  early  as  in  the  second  month  of  pregnancy,  and 
have  in  great  measure  disappeared  before  the  chorionic  villi  are  fully  connected 
with  the  uterine  membrane.  Reichert,  however,  in  his  recent  description  of  an 
early  human  ovum  affinns  that  commencing  villi  actually  enter  the  mouths  of 
uterine  glands,  and  he  has  given  a  diagrammatic  representation  of  the  pro- 
longation of  the  tubes  of  the  uterine  glands  through  the  decidua  to  the  sui-face 
of  the  membrane,  and  the  small  marginal  villi  of  the  o^-um  as  actually  within 
terminal  poiiiions  of  the  glands,  the  cavities  of  which  have  undergone  some 
degree  of  ramification.  Further  observations  will,  however,  be  necessary  for  the 
confiiTaation  of  a  statement  so  much  at  variance  with  the  results  of  most  other 
observers. 

General  conclusion. — In  recapitulation  of  the  preceding  description 
it  may  be  stated  that  the  human  placenta  is  an  organ  which  is  formed 
by  the  combination  of  two  different  structural  elements  ;  of  which  one 
is  derived  from  the  foetus  or  its  membranes,  and  the  other  from  the 
uterus.  The  foetal  part  consists  of  the  developed  vascular  villi  of  the 
chorion,  continues  to  grow  and  extend  itself  with  the  foetus  during 
the  whole  of  uterogestation,  and  is  the  seat  of  a  complete  circulation  of 
the  foetal  blood  through  the  capillary  ramifications  of  the  umbilical 
arteries,  veins,  and  capillaries.  The  uterine  element  of  the  placenta 
originates  in  a  part  of  the  decidua,  which  is  produced  by  increased 
growth  and  transformation  of  the  lining  membrane  of  the  uterus  and 
its  blood-vessels.  With  the  hypertrophied  structure  so  produced  the 
villi  of  the  foetal  chorion  at  first  interpenetrate,  so  that  in  the  earlier 
stages  of  placental  formation  the  uterine  and  foetal  elements  are  for  a 
time  separable,  and  may  still  be  distinguished  from  each  other,  at  the 
period  even  when  they  have  become  more  intimately  united.  But  in  the 
progTess  of  development  the  uterine  elements  are  so  much  modified,  and 
finally  so  completely  attenuated  or  removed,  that  they  almost  entirely 
disappear  ;  and  as  along  with  them  the  walls  of  the  blood-vessels  are 
either  thinned  out  to  the  last  degree,  or  are  entirely  absorbed,  there 
remain  only  the  vascular  spaces  through  which  the  maternal  blood 
flows.  A  doubt,  however,  may  still  exist  as  to  whether  these  spaces 
are,  or  are  not,  entirely  deprived  of  any  uterine  enclosure. 

The  maternal  blood  is  introduced  into  these  spaces  directly  by  the 
small  coiled  uterine  arteries,  without  capillary  intervention,  and  after 
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moving  thronfi'h  the  whole  of  the  placental  spaces  in  contact  with  or 
in  closest  proximity  to  the  foetal  villi,  it  is  returned  by  numerous  veins 
through  the  outer  decidua  serotina  into  the  vascular  channels  of  the 
uterus.  This  blood  is  essentially  arterial  in  its  equalities,  and  may  be 
supposed  to  perform  a  double  function,  viz.,  1.  to  exert  an  aerating 
effect  on  the  blood  of  the  foetus  through  the  tissue  of  the  villi  and  the 
walls  of  their  minute  vessels,  and  2.  to  supply  for  absorption  by  the 
foetal  vessels  the  new  materials  required  in  the  continued  nourishment 
of  the  foetus. 

The  continuity  of  the  decidua  vera  and  decidua  reflexa  Avith  the 
decidua  serotina,  and  of  all  three  with  the  whole  thickness  of  the 
placenta  at  its  margin,  sufficiently  demonstrates  the  actual  connection 
of  the  maternal  elements  in  these  several  structures,  and  the  existence 
of  that  connection  is  fully  confirmed  by  tracing  the  steps  of  the  primary 
formation  and  subsequent  development  of  the  two  sets  of  placental 
elements,  by  which  are  ascertained  the  actual  presence  of  both  in  the 
commencement,  and  the  gradual  modification  and  disappearance  of  the 
maternal  part.  The  view  thus  arrived  at  receives  further  support  from 
the  result  of  the  observation  of  the  varieties  of  form  and  structure 
presented  by  the  placental  organisation  in  different  animals. 

Separation  at  Birth  and  Restoration  of  the  Mucous  Mem- 
lirane  of  the  Uterus. — In  the  act  of  birth  the  whole  decidual  struc- 
tures which  have  been  formed  in  human  uterogestation  are  separated  from 
the  uterus  along  with  all  those  belonging  to  the  ovum,  and  the  placenta- 
tion  is  thus  said  to  be  completely  deciduate.  Thus  in  parturition,  from 
the  effect  of  the  contraction  of  the  uterine  walls  and  the  abdominal 
muscles,  after  the  usual  rupture  of  the  foetal  membranes  and  the  dis- 
charge of  the  amniotic  fluid,  the  foetus  is  first  expelled  :  the  placenta  is 
next  detached  and  pressed  downwards^  carrying  with  it  the  layer  of 
serotina  by  which  it  is  covered,  on  its  uterine  surface,  and  along  witli 
it  necessarily  are  broken  through  the  coiled  arteries  and  the  slanting 
veins ;  the  membranes  of  the  ovum  follow,  consisting  of  the  amnion 
and  chorion,  together  with  the  shrunken  covering  of  decidua  which  in 
the  last  stage  of  pregnancy  remains  from  the  union  of  decidua  reflexa 
with  decidua  vera  matted  together  into  one,  which  is  finally  peeled  off 
the  whole  of  the  interior  of  the  uterus. 

The  uterus  having  now  contracted  and  its  cavity  being  greatly  reduced 
in  size,  there  remains,  probably,  on  the  uterine  surface  a  part  of  the  sub- 
epithelial or  decidual  structure  of  the  mucous  membrane,  in  irregular 
shreds  rather  than  in  one  continuous  layer,  and  in  the  deeper  part  are 
imbedded  the  convoluted  uterine  glands  extending  outwards  into  the 
layer  of  fibres  formed  by  the  muscularis  mucosge.  These  remains  of 
decidua,  with  the  clots  of  blood  resulting  from  the  rupture  of  the 
vessels,  are  gradually  cast  off  with  the  lochia,  a  discharge  which  is  at 
first  of  a  mixed  character,  but  gradually  becomes  more  and  more  com- 
posed of  corpuscles  similar  to  the  white  blood  globules,  and  this  is 
succeeded  by  the  closure  and  contraction  of  the  vessels,  the  prolongation 
of  the  gland  tubes  to  the  surface,  the  formation  of  a  complete  ciliated 
epithelial  lining  to  the  cavity,  and  the  complete  restoration  of  the 
natural  structure  of  the  whole  membrane. 


DEYELOPMEXT   OF   THE   SKELETON, 


II.  DEVELOPMENT     OP     PARTICULAE     SYSTEMS     AND 

ORGANS     OF     THE     BODY. 

THE    SKELETON    AND    ORGANS    OF    VOLUNTARY    MOTION. 

The  morphological  development  of  the  skeleton  and  organs  of  voluntary 
motion  is  closely  in  accordance  with  the  general  plan  of  development 
"which  belongs  to  the  whole  vertebrate  body.  The  first  steps  are  connected 
with  the  formation  of  the  strictly  axial  part,  consisting  of  the  enclosing 
■walls  of  the  cranio-vertebral  cavity  for  containing  the  rudiments  of  the 
brain  and  spinal  marrow,  and  for  the  issue  of  the  successive  pairs  of  nerves- 
arising  from  them.  These  are  succeeded  by  the  formation  of  the  walls 
of  the  great  visceral  cavities  of  the  head  and  trunk,  in  which  the  facial 
and  costal  arches  are  to  be  distinguished  ;  and  lastly,  the  appendicular 
parts,  or  the  limbs  and  limb-arches,  are  developed.  The  permanent 
forms  of  these  parts  are  only  produced  in  the  process  of  ossification ; 
but  the  rudiments  of  most  of  them  are  already  to  be  distinguished  in 
the  masses  of  cartilage  or  formative  tissue  which  precede  the  ossifying 
change. 

As  the  mode  of  ossification  of  the  several  bones  has  been  described  in 
the  osteological  part  of  the  work,  and  the  histological  view  of  the 
process  of  formation  of  bone  has  been  given  in  the  part  on  G-eneral 
Anatomy,  the  morphological  view  of  the  development  will  alone  be 
referred  to  in  this  place,  in  which  will  be  included  the  more  important 
phenomena  of  the  preparation  of  the  matrix  or  formative  material  for 
the  various  parts  of  the  skeleton. 


Fig.   525. — EiiBRTO    OF    the    Dog    seen   from   above,  Fig.  525. 

wiTH  A  Portion  of  the  Blastoderm  attached. 

The  medullary  canal  is  not  yet  closed,  but  shows  the 
dilatation  at  the  cephalic  extremitywith  a  partial  division 
into  the  three  primary  cerebral  vesicles  ;  the  ]30sterior 
extremity  shows  a  rhomboidal  enlargement.  The  cephalic 
fold  crosses  below  the  middle  cerebral  vesicle.  Six 
primordial  vertebra]  divisions  are  visible  ;  so,  the  upper 
division  of  the  blastoderm  ;  sp,  the  lower  division. 

1.  VERTEBRAL    COLUMN    AND    TRUNK. 

Relation  of  Vertebral  Rudinients  to 
the  Notochord. — It  iias  already  been  shown 
(General  Phenomena  of  Development,  p.  692), 
that  all  the  parts  of  the  skeleton  owe  their 
primitive  formative  material  to  mesoblastic 
elements,  and  that  the  bodies  and  arches  of 
the  vertebrse,  and  the  adjacent  part  of  the 
cranial  walls  are  formed  from  continuous 
blastodermic  substance  lying  below  and  around 
the  primitive  medullary  canal.  A  part  also  of 
the  basis  of  the  cranium  has  this  in  common  with  the  vertebral  axis, 
that  its  formative  substance  surrounds  the  notochord,  extending  for- 
ward from  the  column  of  the  vertebral  bodies  into  the  occipito-sphenoid 
part  of  the  cranial  basis,  which  is  there  composed  of  the  formative 
substance  termed  the  investing  mass  of  Eathke. 

It  is  to  be  remembered,  however,  that  closely  as  the  formative  tissue 
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of  the  bone  elements  appear  to  surround  the  notochord,  that  structure 
does  not  itself,  nor  by  its  sheath,  contribute  to  the  formation  of  the 
vertebral  or  basi-cranial  bones,  but  merely  lies  within  them  ;  and  the 
formative  material,  out  of  which  the  bones  are  produced,  is  derived 
from  mesoblastic  substance  which  passes  inwards  from  the  primordial 
vertebral  plates,  and  envelopes  the  chorda  external  to  its  sheath.  The 
formation  of  the  notochord,  therefore,  precedes  that  of  the  formative 
bone-elements  which  afterwards  envelope  it,  and  the  remains  of  the 
notochord,  unaffected  directly  by  any  ossifying  change,  are  found  in 
the  interior  of  the  commencing  bones,  and  may  be  traced  even  for  a 
long  time  throughout  the  whole  length  of  the  column  of  the  bodies  of 
the  vertebrse. 

This  important  fact  was  first  demonstrated  by  H.  MliUer,  of  Wui'fczburg',  who 
showed  fui'ther  that  the  notochord  did  not  pass  through  the  anterior  arch  of  the 
atlas,  but  was  traceable  directly  from  the  body  of  the  axis  vertebra  through  its 
odontoid  process,  and  thence  into  the  basi-occipital  and  basi-sphenoid  bones, 
reaching  as  far  as  the  pituitary  fossa.  (Heinrich  MuUer,  '"  Ub.  d.  Vorkommen 
von  Resten  des  Chorda  Dorsalis  b.  Menschen  nach  der  G-eburt,"  in  "  Zeitsch.  filr 
Rat.  Med.,"  von  Henle  u.  Pfeifer,  1858,  b.  ii.  See  also  G-egenbaur,  "  Untersuch. 
lib.  Vergleich.  Anat.  Das  Kopfskelet  der  Selachier,"  Leipzig,  1872.  W.  Miiller, 
"  Bau  der  Chorda  Dorsalis,"  in  '■  Jenasch.  Zeitsch."  b.  vi.  E.  Dui-sy,  "  Zur  Entwick. 
des  Kopfes,"  1869,  and  Mihalkovics,  '•  On  the  Chorda  and  Pituitary  Body,"  in 
"  Archiv  fiir  Mikroscop.  Anat.,"  b.  xi.,  1875.) 

It  may  be  mentioned  further,  as  the  result  of  H.  Miiller's  observations,  that 
though  in  general  the  chorda  passes  through  the  middle  of  the  vertebral  bodies, 
the  position  was  found  subject  to  variation  in  the  caudal  portion  of  the  column, 
where  it  sometimes  passed  above,  and  at  other  times  below,  the  vertebral  bodies. 

The  notochord  itself  has  been  generally  held  to  be  produced  from  an  intruded 
central  column  of  mesoblastic  cells,  and  this  seems  to  be  the  mode  of  origin  in 
birds  ;  but  it  may  be  doubtful  whether  it  is  the  same  in  all  animals.  In  sharks 
Balfour  finds  that  there  is  no  median  column  derived  from  the  mesoblast,  and 
attributes  the  origin  of  the  notochord  to  the  hj^poblast  (Quart.  Journ.  of  Micro- 
scop.  Sc,  Oct.  187i).  The  same  origin  is  ascribed  to  it  in  mammals  by  Hensen, 
who  finds  that  the  notochord  is  late  of  being  fonned  in  the  rabbit, — an  observa- 
tion confirmed  by  KoUlker  :  Mihalkovics,  on  the  other  hand,  is  incUned  to  refer  it 
in  all  animals  to  the  epiblast.  However  this  may  be,  the  tendency  of  recent 
research  appears  to  be  to  show  that  the  notochord  may  be  more  nearly  allied 
to  epithelial  structures  than  to  cartilage  with  which  it  has  generally  been 
previously  associated.  It  is  at  all  events  important  to  note  that  it  is  in  many 
respects  different  from  the  parts  ascertained  to  proceed  from  the  mesoblast,  that 
it  never  combines  with  their  elements,  and  that  there  is  no  penetration  of  its 
substance  by  connective  tissue  or  blood-vessels,  as  happens  in  all  other  parts 
derived  from  the  mesoblast. 

The  interestiug  observations  of  Kowalevsky  on  the  existence  of  a  chorda 
dorsalis  in  Ascidia  (Mem.  de  I'Acad.  de  St.  Petersboui-g,  torn.  x.  and  xi.,  1867  and 
1868),  would  appear  to  show  that  this  structure,  and  the  type  of  development 
which  accompanies  it,  are  not  confined  to  vertebrate  animals,  and  that  in  them 
the  notochord  may  present  more  of  a  merely  vestigial  character  than  constitute 
an  important  element  in  the  formation  of  the  skeleton.  The  constancy  of  its 
position  and  relations,  however,  is  an  important  fact  regarding  its  history. 

The  notochord  does  not  undergo  transverse  segmentation  in  the  same 
manner  as  the  protovertebral  plate  does.  It  remains  undivided  to  the 
last,  but  in  the  course  of  vertebral  ossification  it  shows  alternate  dimi- 
nutions and  enlargements  of  its  diameter,  corresponding  in  number  and 
position  with  the  vertebral  divisions.  One  of  these  enlargements  is 
found  between  the  odontoid  process  and  the  basi-occipital  bone,  and 
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another  has  been  observed  by  Mihalkovics  in  the  interval  between  the 
basi- occipital  and  the  basi-splienoid  bones  or  their  cartilaginous  matrices. 


Fig.   C26. — View    from   above   of    the    Embryo-Chick  in   the  Fig.  526. 

FIRST    HALF    OF    THE    SeCOND   DaY. 

1,  2,  the  tlu-ee  primary  enceplialic  vesicles  ;  in  front  and  to  the 
sides  the  cephalic  fold ;  crossing  at  2  the  fovea  cardiaca  ;  3,  the 
caudal  extremity  of  the  medullary  canal  dilated  into  a  rhomboid 
form  ;  4,  4,  six  primordial  vertebral  divisions. 

In  front  of  this  last  swelling,  the  chorda  is  bent 
down  below  the  base  of  the  skull,  and  tapering  to  a 
fine  filament,  ends  or  is  lost  in  the  floor  of  the 
pituitary  fossa.  The  enlargements  now  mentioned 
have  some  interest  in  connection  with  the  question 
of  the  vertebral  constitution  of  the  skull 

Segmentation  of  the  Proto vertebrae.  — The 
transverse  vertebrate  segmentation  which  occurs  in 
the  primary  vertebral  plates  affects  only  that  part  of 
these  plates  which  is  formed  of  mesoblast.  It  begins 
at  a  very  early  period,  as  ah'eady  stated,  even  before 
the  close  of  the  primary  medullary  canal,  in  the  form 
of  one  or  two,  or  it  may  be  three  short  transverse 
transparent  lines  which  separate  a  corresponding 
number  of  dark  or  condensed  quadrilateral  masses  of  the  primitive 
vertebral  plates.  These  quadrilateral  masses,  the  so-called  primoi'clkd 
vertelrce  (Urwirbel  of  the  Germans)  (fig.  526,  ,4-,  4),  do  not,  however, 
correspond  merely  to  the  vertebree  of  the  skeleton,  nor  are  they  directly 
converted  into  their  rudiments,  but  they  are  rather  divisions  equivalent 
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Fig.   527. — Cervical  part  of  the  Prihitive  Verte- 
bral   COLUJIN   AND   adjacent   PARTS   OF    AN    EmBKYO 

OF  THE  Sixth  Day,  showing  the  division  op  the 
Primitive  Vertebral  Segments  (from  Kolliker  after 
Eemak). 

1,  1,  chorda  dorsalis  in  its  sheath,  pointed  at  its 
upper  end  ;  2,  points  by  three  lines  to  the  original 
intervals  of  the  primitive  vertebrEe  ;  3,  in  a  similar 
manner  indicates  the  places  of  new  division  into  perma- 
nent bodies  of  vertebrse ;  c  indicates  the  body  of  the 
first  cervical  vertebra  ;  in  this  and  the  next  the  primi- 
tive division  has  disappeared,  as  also  in  the  two 
lowest  represented,  viz. ,  d  and  the  one  above  ;  in  those 
intermediate  the  line  of  division  is  shown  :  4,  points 
in  three  places  to  the  vertebral  arches  ;  and  5,  similarly 
to  three  commencing  ganglia  of  the  spinal  nerves  :  the 
dotted  segments  outside  these  parts  are  the  muscular 
plates. 


in  number  and  position  to  the  vertebral  seg- 
ments of  the  body  (somatomes  of  Goodsir)  ; 

each  one  comprising  superficially  a  segment  of  the  muscular  plate,  and 
more  deeply  a  pair  of  intervertebral  ganglia  and  nerves,  as  well  as  the 
parts  of  the  skeleton  which  lie  before  and  behind  them. 

The  more  obvious  protovertebral  segmentation  does  not  extend  into 
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the  mesoblastic  tissue  bej'ond  the  commencement  of  the  basis  of  the 
cranium,  the  mass  of  blastema  which  there  surrounds  the  prolongation  of 


Fiff.  5-28. 


Fig.  .528. — Sections  of  the  Vertebral 
Column  op  a  Human  Fcetus  of  eight 
■WEEKS  (from  Kolltker). 

A,  transverse  longitudinal  section  of 
several  vertebrae.  1,  1,  chorda  dorsalis,  its 
remains  thicker  opposite  the  intervertebral 
discs  ;  2,  is  placed  on  one  of  the  bodies  of 
the  permanent  vertebrae  ;  3,  on  one  of  the 
intervertebral  discs. 

B,  transverse  horizontal  section  thi-ougli 
a  part  of  one  dorsal  vertebra.  1,  remains  of 
the  chorda  dorsalis  in  the  middle  of  the 
body  ;  2,  arch  of  the  vertebra  ;  3,  head  of  a 
rib. 


the  notochord  (the  inmsting  mass  of 
Eathke)  remaining  one  and  undi- 
vided, or  being  devoid  at  least  of 
the  marked  cleavage  which  occurs 
in  the  strictly  vertebral  part. 

It  is  from  this  protovertebral  plate 
on  each  side,  whether  in  its  entire 
primitive  condition,  or  in  its  later 
and  divided  state,  that  the  material 
is  derived  for  the  formation  of  the 
bodies  and  laminte  of  the  vertebras  and  the  muscles  which  cover  them. 
This  is  effected  by  the  rapid  increase  of  the  mesoblast,  and  by  the 
extension  of  thac  structure  beyond  the  immediate  confines  of  the 
vertebral  laminae  in  an  inward  and  downward  direction,  so  as  to  throw 
a  quantity  of  new  mesoblastic  material  round  the  notochord,  and 
inwards  and  upwards,  so  as  to  pass  in  between  the  primary  medullary 
canal  and  the  enveloping  layer  of  epiblast. 

The  onuscuJar  plate.- — Shortly  after  this  extension  of  the  mesoblast 
in  the  two  directions  before  mentioned,  another  separation,  or  rather 
differentiation,  is  observed  to  take  place  in  the  direction  of  its  length, 
in  the  formation  along  the  dorsal  surface,  and  below  the  epiblast,  of  a 
series  of  circumscribed  plates  which  form  the  foundation  of  the  erector 
muscles  of  the  spine,  and  the  great  dorsal  muscles  of  the  trunk.  These 
constitute  together  the  muscular,  or  rather  the  musculo-cutaneous  lAaie, 
for  it  appears  also  to  include  the  formative  rudiment  of  the  true  skin. 

There  is  thus  deposited  the  formative  material  for  the  vertebral 
bodies,  the  vertebral  arches,  and  the  muscles  which  immediately  sur- 
round them,  together  with  the  general  integument. 

Meanwhile  the  vertebral  segmentation  goes  on  progressing  from 
before  backwards,  extending  through  the  dorsal,  lumbar,  sacral  and 
coccygeal  vertebije,  till  the  process  is  complete  ;  but  this  is  accom- 
panied by  other  changes  having  reference  to  the  separation  of  the  nerve- 
roots  and  ganglia  from  their  formative  tissue,  and  the  development  of 
the  elements  of  the  permanent  vertebra. 

In  the  outer  portion  of  each  protovertebral  mass  a  transverse  partition 
arises  which  separates  the  anterior  part,  as  ganglion  and  nerve  root,  from 
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the  posterior,  as  matrix  or  forerunner  of  the  bone  and  other  structures 
which  belong  to  the  A^ertebral  cokimn.  Each  nerve  then  comes  thus  to 
be  placed  in  front  of  the  future  permanent  vertebra  with  the  proto- 


Fi2.  529. 


Fig.  529. — Transverse  section  through  the  Dorsal   region  op  an  Embryo-Chick, 
END  OF  Third  Day  (from  Foster  and  Balfonr). 

Am,  amnion  ;  in  p,  muscle  plate  ;  c  v,  cardinal  vein  ;  Ao,  dorsal  aorta  at  the  point 
where  its  two  roots  begin  to  join  ;  Ch,  notochord  ;  Wd,  Wolffian  duct ;  Wb,  com- 
mencement of  formation  of  Wolffian  body  ;  ep,  epiblast ;  so,  somatopleure  ;  hy,  hypo- 
blast. The  section  passes  through  the  place  where  the  alimentary  canal  {liy)  com- 
municates with  the  yolk-sac. 

vertebral  division  of  which  it  was  originally  connected.  In  the  inner 
or  central  part  of  the  primordial  vertebrte  a  different  kind  of  change 
occurs,  first,  by  the  amalgamation  or  fusion  of  the  proto vertebral 
masses,  and  subsequently  by  their  subdivision  in  such  a  manner  that  the 
intervertebral  disc  arises  on  a  level  with  or  opposite  the  centre  of  each 
protovertebral  mass,  and  the  blastema,  out  of  which  a  permanent  verte- 
bral body  is  formed,  is  made  up  by  the  union  of  two  parts,  an  anterior 
and  a  posterior,  the  first  of  these  being  derived  from  the  hinder  part 
of  the  preceding  protovertebral  mass  of  the  same  number,  the  other  part 
being  supplied  by  the  anterior  section  of  the  protovertebral  mass 
immediately  following. 

This  is  a  somewhat  complicated  chang-e  ;  aiid  the  more  difficult  to  be  followed 
that  it  would  appear  that  the  original  division  between  the  protovertebral  masses 
disappears  previous  to  a  new  segmentation  taking  place.  Thus  it  results  that, 
as  respects  the  centrum  or  body  part,  the  posterior  half  of  one  protovertebra  is 
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thrown  into  connection  -with  the  anterior  half  of  the  one  next  following,  and 
thus  each  permanent  body  is  formed  from  parts  of  two  protovertebral  masses ; 
while  in  respect  to  the  arches,  each  one  proceeds  from  the  hinder  segment  of  the 
anterior  of  the  two  protovertebrfe  concerned,  the  spinal  ganglion  and  root  being 
thrown  into  connection  with  the  hinder  part  of  the  permanent  vertebra  imme- 
diately in  front  of  the  protovertebra  of  which  they  originally  formed  a  part. 

Formation  of  Vertebral  Matrices. — While  the  material  for  the 
vertebral  bodies  is  laid  down  round  tlie  notochord,  a  further  extension 
of  mesoblastic  substance  from  the  primordial  vertebral  plates  takes  place 
at  the  sides  and  round  the  medullary  cavity  for  the  matrix  of  the 
vertebral  arches,  and  in  due  course,  by  differentiation  of  the  formative 
cells,  chondrification  of  the  substance  occurs  in  the  form  of  the  strips 
■which  constitute  the  first  rudiments  of  the  vertebral  arches,  and  the 
accompanying  transverse  and  other  processes.  The  first  ossification  of 
these  bones  is  from  cartilage,  but  doubtless  in  them,  as  in  other  bones, 
much  of  the  subsequent  growth  and  extension  of  the  bone  substance 
proceeds  fi'om  sub-periosteal  deposit.  It  is  also  to  be  remarked  that 
In  some  bones  originating  in  membrane,  cartilage  may  subsequently 
contribute  to  the  growth  and  extension  of  the  bone,  as  appears  to  occur 
in  the  lower  jaw  and  clavicle. 

The  chondrification  of  the  formative  matrix  of  the  bones  in  the 
liuman  embryo  takes  place  chiefly  during  the  fifth  and  sixth  weeks  of 
foetal  life,  and  in  the  seventh  and  eighth,  ossification  has  begun  in 
several  of  the  long  bones.  But  even  before  this  time  an  ossific  deposit 
shows  itself  in  the  fibrous  matrix  of  the  clavicle  and  lower  jaw.  By 
the  ninth  week  the  greater  number  of  the  bones  have  begun  to  ossify. 

The  formation  of  cartilages  for  the  arches  of  the  vertebrse  begins  first 
in  those  of  the  dorsal  region,  and  spreads  from  these  forwards  into  the 
cervical  vertebrge  and  basis  of  the  skull,  and  backwards  *  into  the 
lumbar  and  sacral  vertebrae  :  but  the  extension  of  the  matrix  upwards 
ceases  in  the  lower  sacral  and  coccygeal  region  where  the  arches  are 
deficient. 

A  small  cartilaginous  baud  forms  the  matrix  of  the  subcentral  por- 
tion or  anterior  arch  of  the  atlas  vertebra,  quite  distinct  from  that  of 
the  body  of  the  axis,  and  out  of  the  line  of  prolongation  of  the  noto- 
chord. 

In  the  lateral  plates  the  cartilaginous  matrices  of  the  ribs  are  formed 
in  connection  with  those  of  the  transverse  processes,  and  in  the  verte- 
bral part  of  the  ribs  themselves  ossification  is  comparatively  early ;  but 
a  considerable  part  remains  unossified  in  the  sternal  portion,  or  costal 
cartilages,  in  connection  with  their  special  use  in  the  mechanism  of  the 
respiratory  movements. 

Certain  portions  of  the  transverse  parts  of  the  cervical  and  lumbar 
vertebrge  are  undoubtedly  homologous  with  ribs  ;  but  we  give  the  name 
only  to  those  costal  bars  which  are  separately  articulated  to  the  verte- 
brEe,  and  the  first  of  the  vertebrae  with  which  a  rib  reaching  the  sternum 
is  articulated  is  reckoned  as  dorsal.  Among  the  thoracic  ribs  a  certain 
number,  as  elsewhere  stated,  of  the  cartilaginous  matrices  behind  the 
first,  are  in  the  commencement  united  together  at  their  ventral  extre- 

*  Here  and  elsewhere,  unless  otherwise  explained,  the  terms  used  to  indicate  position 
apply  to  the  primitive  prone  position  of  the  embryo  as  it  lies  in  the  blastoderm,  the 
dorsal  aspect  ux^wards  and  the  ventral  downwai'ds. 
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mities  into  a  strip  of  cartilage  on  each  side,  and  thus  the  matrix  of  the 
sternum  is  at  first  cleft  in  two  behind  the  pre-sternal  portion.  Sub- 
sequent fusion  of  these  two  lateral  strips  unites  them  into  one ;  and  the 
transverse  division  of  the  bone  only  appears  from  the  result  of  ossification 
in  successive  distinct  centres.  This  fact  possesses  an  interest  in  con- 
nection with  the  tendency  of  the  meso-sternum  and  xiphi-sternum  to 
divide  and  to  produce  various  degrees  of  the  malformation  termed 
fissura  sterni. 

In  the  lumbar  region  there  is  reason  also  to  look  upon  part  of  the 
transverse  processes  as  representing  costal  elements,  but  it  is  only  in 
cases  of  abnormal  formation  that  they  are  found  distinct  from  the  rest 
of  the  vertebra.     (See  the  Descriptive  jinatomy.  Vol.  I.,  p.  22.) 

The  sacrum  is  peculiar  in  presenting,  thrust  in  and  compressed  be- 
tween its  strictly  vertebral  elements  and  the  iliac  bone  with  which  it 
is  united,  several  bony  pieces  which  may  be  regarded  as  interposed 
ribs.  The  ossification  of  two  of  these  occurs  as  early  as  the  fifth  or 
sixth  month  of  foetal  life. 

2.     THE    HEAD. 

The  head  of  the  embryo  consists  at  first,  as  already  stated,  of  the 
cranial  part  alone,  the  face,  nose,  and  mouth  being  absent.  Below 
the  cranium,  and  extending  as  far  forward  as  the  pomt  of  junction  of  the 
anterior  with  the  middle  encephalic  vesicle,  is  situated  the  pharyngeal 
portion  of  the  primitive  alimentary  canal,  closed  in  anteriorly  by  the 
inflection  of  the  blastodermic  layers.  It  is  at  this  place  that  subse- 
quently the  opening  of  the  alimentary  canal  to  the  exterior  takes  place 
in  what  constitutes  ultimately  the  isthmus  of  the  fauces ;  and  in  front 
of  this  the  buccal  cavity,  not  yet  existing,  is  afterwards  formed. 

In  the  progressive  development  of  the  head  the  principal  changes  by 
which  its  fundamental  parts  come  into  shape  may  be  enumerated  shortly 
as  follows,  viz..  First,  increase  of  deposit  and  textural  differentiation  of 
the  mesoblastic  substance  for  the  formation  of  the  cranial  walls  in  their 
basilar,  lateral,  and  upper  portions  ;  second,  the  interpolation  of  the 
sense-capsules  as  connected  with  the  formation  of  the  rudiments  of  the 
nose,  eye,  and  ear  ;  third,  the  development  of  the  cerebral  hemispheres 
and  other  parts  of  the  brain  from  the  three  primary  encephalic  vesicles ; 
fourth,  the  occurrence  of  the  several  cranial  inflections  ;  and/tfth,  the 
new  formation  of  outgrowths  for  the  development  of  the  parts  of  the  face. 

1.  The  Cranium. — -The  basal  portion  of  the  cranium  consists 
primarily  of  two  fundamental  parts.  Of  these  the  posterior  is  dis- 
tinguished by  the  presence  of  the  prolongation  of  the  notochord  within 
it  as  far  forward  as  the  part  of  the  skull  which  afterwards  becomes  the 
pituitary  fossa.  This  portion,  which  may  be  named  occipito-s2)]ienoid, 
is  originally  formed  by  the  undivided  investing  mass  of  Eathke,  which 
surrounds  the  anterior  extremity  of  the  notochord,  and  contains  the 
matrix  of  the  future  basi-occipital  and  basi-sphenoid  cartilages.  By  its 
later  extension  to  the  sides,  it  forms  the  matrix  of  the  exoccipitals  and 
the  periotic  mass  of  cartilage  Avhich  surrounds  the  primary  auditory 
vesicles.  The  main  part  extends  forward  below  the  posterior  and  middle 
primary  encephalic  vesicles,  ending  at  the  pituitary  fossa. 

The  anterior  portion  of  the  basis  cranii  may  be  called  sj^heno-etlimoid, 
as    containing    the    matrix    of   the  pre-sphenoid,   and  the  ethmoid 
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cartilages.  It  is  mainly  produced  in  connection  with  tlie  trabeculge 
cranii,  which  contain  between  their  separated  limbs  the  pituitary  fossa. 
This  part  of  the  cranial  basis  contains  no  prolongation  of  the  noto- 


Fig.  530. — The  Lower  or  Cartilaginous  part  of 
THE  Cranium  op  a  Chick  of  the  Sixth  Day 
(from  Huxley). 

1,  1,  claorda  dorsalis  ;  2,  the  shaded  portion  here 
and  forwards  is  the  cartilage  of  the  base  of  the  skull  ; 
at  2  the  occipital  part  ;  at  3  the  prolongations  of 
cartilage  into  the  anterior  part  of  the  skull  called 
trabecuke  cranii ;  4,  the  pituitary  space  ;  5,  parts  of 
the  labyrinth. 


chord ;  it  lies  below  the  anterior  encephalic 
vesicle  (thalamencephalon),  and  becomes 
greatly  modified  in  connection  with  the 
expansion  of  the  cerebral  hemispheres  and 
primary  ocular  vesicles,  and  the  develop- 
ment of  the  nasal  fossae  and  mouth,  together  with  the  other  parts  of 
the  face. 

The  primary  parts  of  the  three  principal  sense  organs,  it  may  here  be 
stated,  the  nose,  eye,  and  ear,  formed  in  connection  respectively  with 
the  cerebral  hemispheres,  the  thalamencephalon,  and  the  third  primary 
vesicle,  are  interpolated  between  the  rudimentary  parts  of  the  head  as 
follows,  viz.,  1.  The  nose  between  the  frontal,  intermaxillary  and 
ethmoid  ;  the  eye  between  the  frontal,  sphenoid,  ethmoid  and  maxillary ; 
and  the  ear  between  the  basi-occipital,  exoccipital  and  alisphenoid. 
While  the  base  of  the  cranium,  to  the  extent  already  mentioned,  is 


Fig.  531. — View  from  below  of  the  Carti- 
laginous Base  op  the  Cranium  with 
ITS  OssiFic  Centres  in  a  Human  Foetus 
of  about  Five  Months  (from  Huxley,  slightly 
altered). 

The  bone  is  dotted  to  distinguish  it  from 
the  cartilage,  which  is  shaded  with  lines. 
1,  the  basilar  part,  2,  the  condyloid  or 
lateral  parts,  and  3,  4,  the  tabular  or  superior 
part  of  the  occipital  surrounding  the  foramen 
magnum  ;  5,  centres  of  the  pre-sphenoid  on  the 
inside  of  the  optic  foramen  ;  6,  centres  of  the 
post-sphenoid  ;  7,  centres  of  the  lesser  wings 
or  orbito-sphenoid  ;  8,  septal  cartilage  of  the 
nose  ;  9  &  10,  parts  of  the  labyrinth. 

cartilaginous  in  its  origin,  the  lateral 
and  upper  walls  are  chiefly  of  mem- 
branous formation,  as  in  the  squama 
occipitis,  the  squamo-zygomatic  of  the 
temporal,  the  parietal  and  the  frontal  bones. 

The  trabeculse  stretch  forward  to  the  anterior  extremity  of  the  head, 
and  maintain  the  foremost  place  as  the  seat  of  the  nasal  cartilages  and 
external  apertures  of  the  nose.  Behind  these  the  coalesced  trabeculas 
form  a  narrow  ethmo-vomerine  cartilage,  the  nasal  septum,  round  the 
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back  of  which  the  vomer  is  formed  as  a  bony  splent  covering  ;  while  in 
the  hinder  lyre-shaped  interval  of  the  separated  trabeculte  is  placed  the 
infundibulum  in  connection  with  the  pituitary  body. 


Fig.  532. — Basilar  Paet  of  the  PRiJiouriiAL  Cranium 

OP    A    HuJIA>T    F(ETUS     of     three     months    seen      FR03I 

above  (from  Koliiker). 

a,  upper  half  of  tlie  squama  occipitis  ;  h,  lower  lialf  of 
tlie  same  ;  c,  cartilaginous  plate  extending  into  it ;  d, 
(in  the  foramen  magnum)  the  exoccipital ;  e,  basi-occipital ; 
f,  petrous,  with  the  meatus  auditorius  intemus  ;  g,  dorsum 
sellffi,  with  two  nuclei  belonging  to  the  basi-sphenoid 
bone  ;  h,  nuclei  in  the  anteiior  clinoid  processes  ;  i,  great 
wing  nearly  entireh'  ossified  ;  Ic,  small  wings  ;  I,  crista 
galli  ;  m,  cribrethmoid ;  n,  cartilaginous  nose  ;  o,  strixD  of 
cartilage  between  the  sphenoid  and  the  parietal  ;  p, 
osseous  plate  between  the  lesser  Agings  and  the  cribri- 
form plate. 


Fig.  532. 


From  the  side  of  the  presphenoid  cartilage  the  matrix  of  the  orbito- 
sphenoids  or  lesser  wings,  containing  the  optic  foramina,  is  developed  ; 
and  from  the  sides  of  the  basi-sphenoid  proceeds  the  matrix  of  the 
greater  wings,  which  are  also  cartilaginous  in  their  origin. 

In  the  periotic  or  cartilaginous  rudiment  of  the  temporal  bone  three 
centres  of  formation  are  distinguished  by  Huxley,  viz.,  1.  OpisthoUc,  or 
that  surrounding  the  fenestra  rotunda  and  cochlea  ;  2, 2}rdotic,  or  that 
which  encloses  the  superior  semicircular  canal ;  and  3,  ejnotic,  or  that 
which  surrounds  the  posterior  semicircular  canal  and  extends  into  the 
mastoid  portion.  They  soon  unite  into  one  so  as  to  form  the  petro- 
mastoid  bone. 


Fig.  533. — ^Longitudinal  Section  through  the 
Head  of  an  Embryo  of  Four  Weeks  (from 
Koliiker).     ^ 

V,  anterior  encephalic  vesicle,  cerebral  portion  ; 
2,  interbrain  ;  in,  midbrain  ;  h,  cerebellum  ;  n, 
medulla  oblongata ;  mo  and  a,  optic  vesicle  ; 
o,  auditory  depression  ;  t,  centre  of  basi- cranial 
flexure  ;  t',  lateral  and  hinder  parts  of  tentorium  ; 
p,  the  fold  of  epiblast  which  forms  the  hypo- 
physis cerebri. 

The  styloid  process  and  the  auditory 
ossicles  are  of  cartilaginous  origin. 

The  squamo-zygomatic  and  tympanic  are  produced  from  membrane. 

The  Cranial  Plesures. — The  earliest  and  the  most  important 
of  the  cranial  flexures  is  that  which  takes  place  at  the  anterior 
extremity  of  the  notochord  and  in  the  region  of  the  mid-brain  or 
middle  encephalic  vesicle.  Here,  as  previously  stated,  the  notochord 
extends  into  the  substance  of  the  basis  of  the  cranium  as  it  is  prolonged 
forwards  in  the  line  of  the  vertebral  bodies.  At  this  place  the  medul- 
lary tube,  and  the  substance  forming  the  wall  of  the  cranium  especially, 
undergoes  a  sudden  bending  downwards  and  forwards,  so  as  to  cause  the 
projection  of  the  thickened  cranial  base  in  a  marked  manner  upwards. 
This  coincides  with  the  place  where  the  investing  mass  and  the  trabe- 


rsi 


DEVELOPMENT   OF   THE   HEAD. 


cnla3  meet,  and  where  inferiorly  the  pituitary  bocl}^,  and  suiDeriorly  the 
infundibulum  are  afterwards  formed.  The  investing  mass  of  blastema, 
in  which  the  anterior  extremity  of  the  notochord  is  enclosed,  and  the 
notochord  itself,  terminate  here  behind  the  pituitary  fossa,  or  what 
afterwards  becomes  that  part,  in  a  place  corresponding  to  the  dorsum  selte 
of  human  anatomy.  Above  and  behind  this,  the  middle  cerebral  vesicle 
forms  the  most  prominent  part  of  the  cranium,  which  remains  a  charac- 
teristic feature  of  this  part  of  the  embryo  head  for  a  considerable  time. 
Another  early  flexure  of  the  cranium  accompanies  the  development 
of  the  cerebellum  from  the  third  primary  vesicle,  a  cleft  now  appearing 
behind  and  below  the  rudimentary  cerebellum,  in  the  region  of  the 
fourth  ventricle,  and  above  the  medulla  oblongata,  and  this  flexure  is 
necessarily  attended  with  a  convexity  forwards,  or  another  flexure  in 
the  place  of  the  pons  Varolii. 


Fig.  534.  Fig.    534.  —  Longitudinal- 

Section  OF  THE  Human 
Embryo  at  the  sixth  or 
seventh  week. 


1,  cerebral  heminplieres 
2,  vesicle  of  the  third  ven- 
tricle ;  3,  mid-brain  ;  4, 
cerebellum  ;  5,  medulla  ob- 
longata ;  ch,  notochord  pass- 
ing up  through  the  bodies 
of  the  vertebraj  into  the 
basis  cranii  and  terminating 
in  the  head  between  the  in- 
fundibulum and  the  sac  of 
the  hypophysis  cerebri  ;  s, 
the  vertebral  spines  ;  n,  the 
spinal  cord  ;  p,  the  pharynx ; 
Ji,  the  heart  ;  I,  the  liver  ;  i,  the  stomach  and  intestine ;  cl,  the  cloaca  ;  v,  the  urinary 
bladder  and  pedicle  of  the  allantois  ;  ^l,  u',  the  umbilicus  co-ntaining  the  vitello- 
intestinal  duct,  urachus  and  vessels  ;  between  i,  and  i,  superiorly,  the  Wolffian  body  is 
shown. 

The  great  cranial  flexure  thus  marks  the  division  between  the  strictly 
basi-cranial,  or  occipito-sphenoidal,  and  the  basi-facial,  or  spheno- 
ethmoidal part,  the  chorda  terminating  between  those  two  portions 
of  the  cranial  base,  with  a  conical  and  sharp  point.  Here  the  chorda 
is  itself  bent  downwards  and  forwards,  and  terminates  in  a  spot 
which  corresponds  to  the  post-sphenoid  body,  or  dorsum  sellae. 
According  to  Mihalkovics,  who  has  recently  investigated  the  subject 
with  care  (see  Archiv  fiir  Mikroskop.  Anat.,  vol.  xi.,  1875,)  in  con- 
nection with  the  formation  of  the  pituitary  gland  in  mammals  and 
birds,  the  chorda  tapers  off  to  a  fine  point  in  front  of  this  spot,  but 
presents  a  slight  swelling  just  at  the  place  of  the  future  occipito- 
sphenoidal  suture. 

The  formation  of  the  mouth,  and  its  opening  by  the  fauces  into  the 
pharyngeal  or  first  part  of  the  primitive  alimentary  canal,  are  phenomena 
of  development  intimately  connected  with  the  formation  of  the  central 
part  of  the  cranium  and  sella  turcica,  but  they  are  also  associated  with 
the  development  of  the  face,  which  is  next  to  be  considered. 

Pormation  of  the  Motith  and  Hypophysis  cerebri. — Along  with  the 
changes  which  accompany  the  formation  of   the  principal   cranial   flexm-e,  is 
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associated  in  a  remarkable  manner  the  origin  of  a  body  (the  pituitary  gland 
or  hypophysis  cerebri)  the  nature  and  uses  of  which  in  the  adult  are  entirely 

Fig.  535. 


Fig.  535.— Veetical   Section   of  the   Head   in  Early  Embetoes    of    the    Rabbit. 
Magnified  (from  Mihalkovics). 

A.  From  an  embryo  of  five  millimetres  long. 

B.  From  an  embryo  of  six  millimetres  long, 

C.  A'eitical  section  of  the  anterior  end  of  the  notochord  and  pituitary  body,  &c. ,  from 
an  embryo  sixteen  millimetres  long. 

In  A,  the  faucial  opening  is  still  closed  ;  in  B,  it  is  formed  ;  c,  anterior  cerebral 
vesicle  ;  mc,  meso-cerebrtim  ;  mo,  medulla  oblongata  ;  co,  corneous  layer  ;  7n,  mednUary 
layer  ;  if,  infundibulum  ;  am,  amnion  ;  sjje,  spheno-ethmoidal,  be,  central  (dorsum  sella), 
and  sjDO,  spheno-occipital  parts  of  the  basis  cranii  ;  7>.,  heart  ;  /,  anterior  extremity  of 
primitive  alimentary  canal  and  opening  (later)  of  tLe  fauces  ;  i,  cephalic  portion  of 
primitive  intestine  ;  tha,  thalamus  ;  p',  closed  opening  of  the  involuted  part  of  the 
pituitary  body  (py)  ;  ck,  notochord  ;  pJi,  pharynx. 

Tinkuo-WTi,  but  the  constancy  of  -whose  presence,  and  the  uniformity  of  its 
connections  in  the  whole  series  of  vertebrate  animals,  points  to  some  important 
morphological  relation. 

The  general  nature  of  this  body,  in  its  joint  connection  with  the  infundibulum 
of  the  braiu  on  the  one  hand,  and  a  diverticulum  of  the  alimentaiy  canal  on  the 
other,  was  first  pointed  out  by  Eathke  (MiiUer's  Axchiv,  1838,  p.  482),  although  he 
afterwards  abandoned  the  view  there  set  forth.  It  was,  however,  fully  confirmed  by 
others  ;  and,  among  recent  observers,  we  owe  more  especially  to  "VVUliam  Miiller  an 
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elaborate  investigation  of  the  whole  subject  (Jenaische  Zeitschr.,  vol.  vi.,  1871), 
Vfho  traced  most  carefully  the  nervous  and  diverticular  elements  in  their  develop- 
ment, and  their  union  with  mesoblastic  elements  in  the  fomiation  of  the  gland. 
G-oette  next  ascertained  that  the  diverticulum  from  below  is  connected  with  the 
buccal  cavity  and  epiblnst,  and  not  with  the  pharynx  and  hypoblast,  as  was  pre- 
viously supposed  (Ai'chiv  fur  Mikroscop.  Anat.,  vol.  ix.,  p.  397).  The  observa- 
tions of  Milialkovics  on  Mammals  complete  the  history  of  this  point  in  develop- 
ment, and  will  be  mainly  employed  in  the  following  description. 

The  formation  of  this  body  may  be  shortly  described  as  consisting  in  the  meet- 
ing and  combination  of  two  outgrowths  from  very  different  fmidamental  parts  ; 
■one  cerebral  or  medullary  from  above,  and  the  other  corneous  or  epiblastic  (glandu- 
lar), from  below,  in  a  recess  of  the  cranial  basis  Avhich  afterwards  becomes  the 
pituitary  fossa  (fig.  635,  B,  ^f^py^.  The  cerebral  outgrowth,  the  posterior  of  the 
two  parts,  takes  place  by  the  formation  of  a  pointed  projection  downwards  of  a 
3)ortion  of  the  lower  medullary  wall  of  the  vesicle  of  the  thii-d  ventricle,  and  its 
fii-m  adhesion  to  the  base  of  the  cranium.  This  is  the  commencement  of  the 
infundibulum.  Meanwhile,  a  little  in  front  of  the  same  place,  there  is  projected 
upwards  from  below  a  part  of  the  basilar  surface  of  the  cranium,  so  as  to 
form  a  deep  recess  lined  by  the  corneous  layer  from  the  back  and  upper  part 
■of  the  future  mouth.  This  recess  is  the  commencement  of  the  hypophysis  or 
pituitary  body  in  its  glandular  portion,  which  is  not,  as  has  been  supposed, 
a  recess  from  the  pharynx,  seeing  that  it  is  in  front  of  the  opening  which 
is  afterwards  formed  for  the  fauces.  The  depressed  and  sharpened  out 
anterior  part  of  the  notochord  is  directed  downwards  and  forwards,  while  the 
sac  of  the  hypophysis  is  carried  upwards  and  backwards,  and,  according  to 
Mihalkovics,  the  attenuated  end  of  the  chorda  soon  disappears  from  between  the 
infundibulum  and  the  hyisophysis,  previous  to  the  occuiTence  of  the  intimate 
union  which  follows  between  these  two  bodies.  The  anterior  extremity  of  the 
chorda,  therefore,  is  lost  in  the  floor  of  the  pituitary  fossa,  and  the  swollen  or 
dilated  portion  of  the  chorda  which  succeeds,  and  which  comes  then  to  form  the 
apparent  termination,  occupies  the  interval  between  the  basi-occipital  and  the 
basi-sphenoidal  cartilages.  The  chorda  traced  back  from  this  point,  presents 
another  swelling  at  the  junction  of  the  basi-occipital  cartilage  with  that  of  the 
odontoid  process,  into  which  last  it  passes.  The  third  swelling  of  the  chorda  lies 
between  the  odontoid  cartilage,  and  that  of  the  body  of  the  axis  vertebra. 

Fig.  536.  Fig.    536. — Cranium    and    Face     of    the 

A  -R  Human     EMBKro     seen      from     before 

(from  Ecker). 

A,  from  an  embiyo  of  about  three  weeks  : 
1,  anterior  cerebral  vesicles  and  cerebral 
hemispheres ;  2,  interbrain ;  3,  middle  or 
fronto-nasal  process  ;  4,  superior  maxillary 
plate ;  5,  the  ej'e  ;  6,  inferior  maxillary  or 
mandibular  plate  (first  postoral)  ;  7,  second 
plate ;  8,  third  ;  9,  fourth,  and  behind  each 
of  these  four  j)lates  their  respective  pharyn- 
geal clefts.  B,  from  an  embryo  of  five 
weeks  :  1,  2,  3,  and  5,  the  same  as  in  A  ; 
4,  the  external  nasal  or  lateral  frontal  pro- 
cess ;  6,  the  superior  maxillary  plate  ;  7, 
the  mandibular  ;  x  ,  the  tongue  ;  8,  tlie  first 
phalangeal  cleft,  which  becomes  the  meatus  auditorius  extemus. 

The  base  of  the  skuU,  therefore,  consists  of  two  parts,  one  the  posterior,  in 
which  the  chorda  is  imbedded,  and  corresponding  to  the  future  basi-occipital 
and  basi-sphenoidal  parts,  the  other  in  front  of  this,  into  which  the  chorda  does 
hot  penetrate,  the  spheno-ethmoidal,  and  which,  according  to  the  researchee  of 
Pai-ker  and  Gegenbaur,  is  of  a  later  formation,  and  is  more  immediately  related 
tx)  the  development  of  the  face. 
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The  flask-like  outgrowth  of  the  buccal  epiblast  which  gives  rise  to  the  hypo- 
physis cerebri,  is  now  gradually  shut  off  from  the  corneous  layer  and  cavity  of  the 
mouth,  first  by  the  constriction,  and  subsequently  by  the  closure  of  its  place  of 
communication.    There  remains    however,  for  a  considerable  time,  a   longish. 


Fi;: 


57. 


Fig.  538. 


Fig.  537.  ■ — Oqtline  Plan 
View  of  the  Upper 
Part  op  the  Bodt  of  an 
Embryo  Pig,  two-thirds 
of  an  inch  in  length. 
Magnified  seven  dia- 
meters (from  Parker). 

Fig.  538.  — Plan  of  the 
Skull,  &o.,  of  the  same 
Embryo  seen  from  beloay. 
Magnified  ten  diameters 
(from  Parker). 

In  this  and  the  preceding 
figure  the  letters,  where  pre- 
sent, indicate  the  following 
parts  : — 

c'  to  c*  ,  the  five  primary 
divisions  of  the  brain  ;  a,  the 
eye  ;  n,  the  nose  ;  in,  the 
month  ;  tr,  cartilage  of  the 
trabeculas  ;  ctr,  comua  tra- 
becnlarnm  ;  pn,  prenasal  car- 
tilage ;  2}PU>  pterygo-palatine 
cartilage  ;  mn,  the  mandi- 
bular arch  with  Meckel's  car- 
tilage ;  te,  first  visceral  cleft 
which  becomes  the  tymx^ano- 
eustachian  passage  ;  au,  the 
auditory  vesicle  ;  hy,  the 
cerato-hyoid  arch  ;  ir,  the 
branchial  bars  and  clefts, 
1  to  4 ;  thh,  the  thyro-hyoid ; 
py,  the  pituitary  fossa  ;  ck, 
the  notochord  in  the  cranial 
basis,  surrounded  by  the  in- 
vesting mass  {iv)  ;  vii,  facial 
nerve  ;  ix,  glosso-pharyngeal ; 
X,  pneumogastric ;  xii,  hypo- 
glossal nerve. 


thread  of  union  between 
the  two  (fig.  535,  C,  p'). 
The  epithelium  of  the  en- 
closed portion  subsequently 
undergoes  development 
into  glandular  coeca  and 
cell-cords,  and  its  internal 
cavity  becomes  gradually 
obliterated.  This  fonns 
the  anterior  part  or  lobe 
of  the  pituitary  body.  The 

posterior  part  owes  its  origin  to  the  combination  with  mesoblastic  tissue  of  a 
widened  extension  of  the  infundibular  process  of  the  brain,  which  is  thrust  in 
between  the  sac  of  the  pituitary  body  and  the  dorsum  sellse.  The  nervous  struc- 
ture of  this  posterior  lobe  afterwards  disappears  in  the  higher  animals,  but  vsu 
the  lower  it  retains  it3  place  as  a  part  of  the  brain. 

VOL.  ir.  3  B 
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2.  Subcranial,  Facial,    or    Pharyngeal    Plates    or   Arches. — 

In  man,  and  all  vertebrates,  there  are  developed  below  and  on  the 
sides  of  the  cranial  part  of  the  head,  a  series  of  processes  or  bars  in 
pairs,  which  contribute  to  the  formation  of  the  subcranial  structures 
constituting  the  face  and  jaws,  and  the  hyoid  and  other  parts  inter- 
Tening  between  the  head  and  trunk.    These  bars  first  received  attention 

Fig.  539. 


uo^y  /        V 


Fig.  539. — Outlines  showing  the  early  changes  in  the  eorji  of  the  Head  op 
THE  Human  Embryo. 

A,  profile  view  of  the  head  and  fore  part  of  the  body  of  an  embryo  of  about  four  weeks 
(from  nature,  ^■^)  :  the  five  primary  divisions  of  the  brain  are  shown,  together  with  the 
primary  olfactory  and  optic  depressions,  and  a,  the  auditory  vesicle  ;  1,  marks  the  man- 
■dibular  plate,  and  behind  this  are  seen  the  three  following  plates  with  the  corresponding 
25haryngeal  clefts.  £,  from  an  embryo  of  about  six  weeks  (from  Ecker,  |)  :  the  cerebral 
hemispheres  have  become  enlarged  and  begin  to  spread  laterally  ;  1,  the  lower  jaw  ;  1', 
the  first  pharyngeal  cleft,  now  widening  at  the  dorsal  end,  where  it  forms  the  meatus 
«extemus  ;  the  second  cleft  is  still  visible,  but  the  third  and  fourth  clefts  are  closed  and 
the  corresponding  plates  have  nearly  disappeared.  (7,  from  a  human  fcetus  of  nine  weeks 
(from  nature,  |)  ;  the  features  of  the  face  are  now  roughly  formed  ;  the  first  pharyngeal 
cleft  is  now  undergoing  conversion  into  the  meatus,  and  the  auricle  is  beginning  to  rise  at 
its  outer  border. 

from  their  discovery  by  Eathke  in  1826,  published  in  the  Isis  of  that 
year,  and  were  named  by  him  the  branchial  arches,  from  the  relation 
which  some  of  them  bear  to  the  gill  bars  of  branchiate  vertebrates. 
Their  nature  and  transformations  were  fully  investigated  by  Eeichert 
in  1837  (Midler's  Archiv,  1837).  From  later  researches  it  appears  that 
•other  processes,  with  somewhat  similar  relations  to  the  cranium,  occurring 
further  forward,  may  be  associated  with  those  described  as  branchial  by 
Eathke,  and  it  will  be  expedient  therefore  to  describe  the  whole  of  the  sub- 
■cranial  outgrowths  together  at  this  place.  In  this  the  views  of  Huxley 
and  Parker  will  be  chiefly  followed.  (See  "On  the  Structure  and  Develop- 
ment of  the  Skull  in  the  Pig,"  by  W.  K.  Parker,  in  Trans.  Eoy.  Soc. 
1873,  p.  289  ;  Huxley,  in  Elements  of  Compar.  Anat.,  1864,  and  Manual 
of  Compar.  Anat.,  1871 ;  also  G-egenbaur,  Das  Kopfskelet,  &c.,  1872). 
According  to  these  views  the  parts  of  the  head  situated  in  fi-ont  of  and 
above  the  future  mouth,  are  formed  from  two  pairs  of  plates,  ■which  may 
thence  be  called  2^'>'eoraI,  in  one  pair  of  which  the  bars  are  the  same 
with  the  trabecule,  cranii  of  Eathke  surrounding  the  pituitary  gland, 
and  are  the  basis  of  formation  of  the  pre-sphenoid,  ethmoid,  nasal,  and 
pre-maxillary  portions  of  the  skull,  while  in  the  other  pair,  consisting  in 
each  of  a  deeper  and  a  superficial  part,  the  bars  form  the  foundation 


SUBCRANIAL  AND   FACIAL   STRUCTUEES.  739 

of  the  pterygo-palatine  wall  of  the  nose  and  mouth,  and  the 
superior  maxillary  bone.  The  nasal  pits  or  primary  nasal  depres- 
sions, which  extend  themselves  afterwards  into  the  nasal  fossEe,  and 
remain  permanently  open  to  the  exterior,  are  formed  by  a  depres- 
sion of  the  surface  of  the  epiblast  in  the  anterior  prolongation  of 
the  head  as  constituted  by  the  ends  of  the  trabeculee,  and  the  harder 
structures  of  the  septum  and  walls  of  the  nasal  cavities,  as  well  as  the 
turbinated  structures  on  which  the  olfactory  nerves  are  distributed,  are 
all  derived  from  the  anterior  parts  of  these  trabeculee  ; — a  mesial  union 
giving  rise  to  the  nasal  septum,  while  lateral  parts  circling  round  the 
nasal  pits,  form  the  alar  enclosures  of  these  depressions  (see  figs.  537 
and  538). 

The  second  preoral  subcranial  plates  have  received  the  name  pterygo- 
palatine from  the  nature  of  their  deeper  connection  with  the  bar  in. 
which  the  pterygoid  and  palate-bones  are  afterwards  formed.  These 
enclose  the  posterior  nasal  apertures,  and  advancing  from  the  two  sides, 
at  last  meet  each  other  in  the  palate,  and  in  front  meet  the  pre-maxil- 
lary  process  to  complete  the  palate  and  upper  jaw. 

But  these  are  only  the  deeper  parts  of  the  structure  out  of  which  the 
upper  jaw  is  formed,  there  being  on  the  surface  of  the  head,  and  behind 
the  depression  of  the  eye  on  each  side,  a  bulging  process  known  as  the 
superior  maxillary  process,  in  which  the  upper  jaw  and  malar  bone 
are  formed,  and  which  has  externally  the  appearance  of  bending  round  the 
angle  of  the  mouth  in  continuity  with  the  mandibular  or  inferior  maxillary. 

The  formation  of  the  superficial  parts  of  the  face,  as  seen  from 
before,  may  be  described  as  follows,  viz. : — In  the  middle,  there 
descends  in  what  now  forms  the  region  of  the  forehead,  a  mesial 
portion,  the  fronto-nasal  plate,  which  forms  the  integument  of  the 
nose,  as  far  as  the  inside  of  the  nostrils,  and  the  columella  of  the  nose, 
together  with  the  mesial  part  or  lunula  of  the  upper  lip,  that  is,  all 
the  part  lying  inside  the  depression  of  the  nostrils.  On  the  outside  of 
these  depressions,  a  short  lappet  surrounds  the  orifice  of  the  nostrils, 
as  wings  forming  the  external  nasal  processes.  It  is  towards  the 
outside  of  these  last  plates  that  the  ocular  depression  is  situated,  that 
depression  being  thus  interposed  between  the  lateral  or  external  nasal 
plate,'^  and  the  maxillary  plate,  and  forming  the  fissure  which  has  been 
oalled  the  ocular  fissure,  but  which  afterwards  becomes  more  strictly 
the  lachrymal  in  its  anterior  part  (see  figs.  536  and  539). 

The  great  buccal  aperture. now  passes  across  the  face,  having  the 
middle  and  external  nasal  with  the  superior  maxillary  plates  above 
and  in  front,  and  the  inferior  maxillary  plates  below  and  behind.  It 
will  be  remembered,  however,  that  the  cavity  of  the  mouth  is  thrown 
forward  by  the  outward  development  of  the  subcranial  plates,  which 
deepen  more  and  more  the  buccal  cavity  as  they  grow  outwards  from 
the  primitive  cranium. 

The  POSTORAL  pairs  of  pharyngeal  visceral  plates  are  four  in  number ; 
the  first  being  that  already  mentioned  as  following  immediately  behind 
the  mouth,  and  forming  the  mandibular  or  inferior  maxillary. 

At  an  early  period  of  foetal  life  in  the  human  foetus,  and  in  that  of 
all  vertebrates,  plates  of  this  description  are  found,  but  in  the  lower 
■vertebrates  a  greater  number  exists  than  in  the  higher.  The  number  of 
four  pairs  belongs  to  man  in  common  with  all  the  non-branchiate 
vertebrates.    Behind  each  of  these  plates  there  are  formed  from  within. 
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in  the  course  of  development,  clefts  which  penetrate  the  ^vall  of  the 
pharynx  ;  these  clefts,  or  so-called  branchial  apertures,  running  com- 
pletely through  the  wall  of  the  pharynx  and  the  external  wall  of  the 
body  of  the  embryo  (see  figs.  537  and  538). 

The  auditory  pit,  or  primary  depression  from  the  epiblastic  surface 
which  forms  the  rudiment  of  the  labyrinth  of  the  ear,  is  situated  imme- 
diately above  the  upper  or  proximal  end  of  the  two  first  postoral 
plates,  and  consequently  on  a  level  with  the  first  postoral  cleft.  And 
this  proximity  of  position  is  connected  with  the  intimate  relation  iu 
which  two  sets  of  parts  stand  to  each  other  :  for  the  part  called  the 
first  branchial  cleft  is  afterwards  converted  into  the  external  and  middle 
jjassages  of  the  ear,  (meatus,  tympanum,  and  Eustachian  canal),  the 
membrana  tympani  being  at  a  later  period  thrown  across  the  passage. 
It  forms  thus  the  tympano-eustachian  cleft  or  canal.  The  tympanic  bone 
is  of  membranous  origin  and  is  formed  round  the  first  cleft.  The  external 
auricle  is  of  integumental  origin,  and  is  formed  in  the  second  postoral 
bar  posteriorly  and  externally  to  the  aperture  of  the  first  cleft. 

The  second  postoral  cleft  is  the  first  true  Avater  passage,  or  the  first 
of  those  Avhich  serves  as  a  gill  aperture  in  branchiate  vertebrates,  and 
which  may  in  the  lower  classes  be  increased  to  a  greater  number. 

Although  the  description  of  some  of  the  changes  which  the  several 
pharyngeal  plates  or  branchial  arches  undergo  in  the  further  process 
of  development,  belongs  to  a  difFerent  part  of  the  subject,  yet  it  may 
be  useful  to  describe  shortly  the  more  important  of  them  in  this  place. 

In  the  first  or  mandibular  arch  a  strong  cartilaginous  bar  is  formed 
Imown  as  the  cartikuie  of  Meckel,  on  the  exterior  of  Avhich,  but  not 
in  its  own  substance,  throughout  a  considerable  part  of  its  distal  length, 
the  lower  jaw-bone  is  afterwards  developed.  The  proximal  part  next 
the  cranium,  which  comes  later  to  be  connected  with  the  auditory 
capsule,  becomes  in  maunnalia  the  malleus,  in  birds  and  reptiles  chiefly 
the  OS  quadratum.  (Seefigures  in  connection  with  development  of  the  ear.) 

In  the  second  or  hyoid  arch,  are  developed  the  styloid  process,  the 
stylo-hyoid  ligament,  the  lesser  or  upper  cornua  of  the  hyoid  bone,  the 
series  of  parts  which  connect  them  with  the  basis  of  the  skull,  being- 
united  like  the  first  to  the  auditory  capsule :  but  the  proximal  part  of 
this  arch  would  appear  also  to  have  the  incus  formed  in  it,  and  tO' 
be  connected  with  the  stapes  and  stapedius  muscle. 

The  third  arch  is  the  thyro-hyoid,  and  is  related  to  the  formation  of 
the  lower  or  great  cornua,  and  the  body  of  the  hyoid  bone.  It  corre- 
sponds with  the  first  true  branchial  arch  of  amphibia  and  fishes,  iu 
which  animals  the  clefts  and  bars  behind  this  arch  become  more 
numerous  than  in  the  higher  vertebrata. 

The  fourth  arch,  which  has  no  special  name,  but  might  be  called  sud- 
hyoid  or  cervical,  does  not  seem  to  form  the  basis  of  any  particular  organ, 
but  is  situated  exactly  at  that  part  of  the  body  which  becomes  elongated 
as  the  neck, — a  part  which  may  be  considered  as  absent  in  the  foetus, 
and  the  formation  of  which  by  a  simple  process  of  elongation  gives  T^"«'e 
to  some  peculiar  features  in  the  anatomy  of  the  parts  composing  it. 

Relations  of  Cranial  Herves. — The  rudiments  of  four  cranial  nerves, 
besides  the  optic  and  auditory  afterwards  to  be  referred  to,  are  found  ati 
a  very  early  period  in  connection  with  the  plates  now  under  consideration, 
and  the  following  is  the  relation  in  which,  according  to  Parker,  they 
stand  to  these  plates  in  all  vertebrate  animals.    These  nerves  are  the 


I 


]IELATI0XS   OF   THE  CRAXIAL  XERVES. 


741 


fifth  pair  or  trig-eminus,  the  facial,  the  glosso-pharyngeal,  and  the 
pnenmo-gastric.  The  two  first  are  situated  in  front,  and  the  two  latter 
behind  the  auditory  sac.  These  nerves  all  divide  or  fork  above  a 
visceral  cleft,  one  division  going  to  the  posterior  face  of  the  arch  in 
front  of  the  cleft,  the  other  to  the  anterior  face  of  the  arch  behind  it- 
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Fig.  540. — EiiBRYO  OF  THE  Chick  AT  THE  END  OF  THE  FouRTH  Day  (from  Foster  and 

Balfour). 

The  amnion  has  been  removed  ;  M,  allantois ;  CH,  cerebral  hemispheres  ;  FB, 
thalamencephalon,  with  Pn,  the  pineal  gland  projecting  from  its  summit;  MB,  mid- 
brain; Ch,  cerebellum;  /F,  V,  fourth  ventricle;  Z,  lens;  clis,  choroid  slit;  Can  V, 
auditory  vesicle  ;  sm,  superior  maxillary  process  ;  IF,  2F,  &c.,  first,  second,  third  and 
fourth  visceral  folds  ;  V,  fifth  nerve  in  two  divisions,  one  to  the  eye,  and  the  other  to 
the  first  visceral  arch  ;  VII,  seventh  nerve  passing  to  the  second  visceral  arch  ;  Gph, 
glosso-pharyngeal  nerve  passing  to  the  third  visceral  arch  ;  Pg,  pneumo-gastric  nerve 
passing  to  the  fourth  arch  ;  /  V,  investing  mass  ;  ch,  notochord  ;  Ht,  the  heart  ;  MP, 
muscle  plates  ;   W,  wiag  ;  HL,  hind  limb. 

The  orbito-nasal  and  the  palatine  divisions  of  the  trigeminus  belong 
to  the  trabecular  arch,  the  former  above,  the  latter  below  the  optic 
nerve.  Of  the  other  division,  one  part  (the  superior  maxillary  nerve) 
follows  the  palato-pterygoid  arch,  the  other  (inferior  maxillary  nerve) 
accompanies  the  mandibular  arch. 

The  facial  nerve  (portio  dura  of  seventh  pair)  divides  above  the 
tympano-eustachian  passage,  its  anterior  part  (chorda  tympani)  going 
to  the  posterior  side  of  the  mandibular  arch,  and  its  posterior  part 
(descending  branch  of  facial)  to  the  outer  or  anterior  side  of  the  hyoid 
arch. 

The  glosso-pharyngeal  nerve,  by  a  similar  division,  goes  by  its  inner 
or  anterior  branch  (lingual)  to  the  inner  or  posterior  side  of  the  hyoid 
arch,  and  by  its  other  division  (pharyngeal)  to  the  front  of  the  first 
branchial  or  thyro-hyoid  arch. 
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In_  the  higher  animals  the  pneumo-gastric  nerve  shows  no  close 
relation  to  the  clefts,  but  in  branchiate  vertebrates  it  is  continued  past 
the  gills,  and  sends  forked  branches  to  the  gill  arches  in  front  and 
behind  each  of  the  clefts. 

3.     OEIGIN    AND    FORMATION    OF    THE    LIMBS. 

The  close  connection  of  the  limb-arches  with  certain  vertebral  seg- 
ments of  the  trunk  has  been  previously  referred  to  in  the  morpholo- 
gical remarks,  given  under  the  description  of  the  bones  and  muscles 
in  the  first  volume  ;  and  although  the  vertebral  homology  of  the  parts 
of  the  limb  proper  is  not  so  apparent,  at  least  in  the  proximal  seg- 
ments, yet  in  the  quinquifid  division  of  the  more  remote  parts,  in  the 
preaxial  and  postaxial  arrangement  of  these  divisions,  and  in  their 
relation  to  the  nerves  and  some  other  circumstances,  we  can  scarcely  fail  to 
perceive  some  very  near  relationship  between  the  structure  of  the  limb 
as  a  whole,  and  a  certain  number  of  the  vertebral  segments  of  the  trunk. 

Fig.  541. 

Fig.  541. — Hu3iAN  Embryo  of  about 
FOUR  WEEKS  (from  Kolliker,  after  A. 
Thomson).     | 

/,  the  anterior  limb  rising  as  a  semi- 
circular plate  from  the  lateral  ridge. 
(The  figure  is  elsewhere  described.) 

The  limbs  do  not  exist  from 
the  earliest  time   of  the  forma- 
tion of  the  cranio-vertebral  part 
of  the  trunk,  but  only  begin  to 
be  formed  when  the  development 
of  the  axial  part  of  the  body  has 
made  some  advance,  as  in  the  first  half  of  tlie  fourth  day  of  incubation 
in  the  chick,  and  at .  the  commencement  of  the  fourth  week  in  the 
human  embryo. 

They  first  make  their  appearance  as  two  pairs  of  buds  from  the  side 
of  the  vertebral  part  of  the  trunk,  in  the  form  of  flatfish  lateral  elevations 
with  curved  free  margins  projecting  from  the  exterior  of  the  body, 
outside  the  thickened  ridge  (sometimes  called  the  Wolffian  ridge)  where 
the  division  of  the  mesoblast  into  somatopleure  and  splancbnopleure 
take  place,  and  near  the  outer  margins  of  the  muscular  plates.  The 
anterior  pair  of  limbs  appears  earlier  than  the  posterior,  and  for  a  long 
time  is  always  more  advanced  in  the  development  of  its  parts. 

The  place  of  formation  of  the  anterior  and  posterior  limbs  does  not 
vary  to  any  great  extent  throughout  the  vertebrate  animals, — and  this 
fact  may  he,  looked  upon  as  one  of  the  most  marked  features  of 
vertebrate  organisation. 

The  thickened  plate  which  forms  the  commencing  limb,  by  its  in- 
creased growth,  projects  still  more  from  the  side,  so  as  to  take  the 
form  of  a  flattened  lappet  with  a  semicircular  free  margin  ;  presenting 
then  two  surfaces  which  may  be  named  dorsal  and  ventral  with  refer- 
ence to  their  correspondence  to  the  like  surfaces  of  the  trunk,  constituting 
respectively  the  primitive  extensor  and  flexor  surfaces  of  the  limb  ; 
while  the  anterior  margin  of  the  semicircular  lappet  corresponds  to 
the  preaxial  and  the  posterior  margin  to  the  postaxial  borders  of  the 
future  limbs. 


DEVELOPMENT  OF  THE  LIMBS. 


743 


Tlie  whole  thickness  of  the  somatopleure  division  of  the  mesoblast  is 
involved  in  this  primary  limb-bud,  and  it  is  of  course  also  covered 
with  the  epiblast  or  cuticular  layer,  in  the  substance  of  which  there 
is  considerable  increase  of  thickness  at  the  most  prominent  part  of  the 
margin. 

As  the  limb-buds  increase  in  size,  the  lateral  limb-plate,  or  "WoMan 
ridge,  which  is  at  first  very  prominent  in  its  whole  length,  becomes 
less,  and  gradually  flattens  down  into  the  more  even  surface  of  the  wall 
of  the  trunk. 

The  part  of  the  limb  which  appears  first,  corresponds  more  imme- 
diately with  the  hand  or  foot  than  with  the  other  divisions  of  the  limb. 
Along  with  this,  however,  at  a  very  early  period  there  is  an  indication 
of  the  formation  of  the  limb-girdles  as  folds  passing  off  from  the  side 


Fig.   542.  —  Diagrammatic 

OaTLINE  OF  THE  PkoFILE 
VIEW   OP    THE    HUMAJT   Ejl- 

bkto  of  about  seven 
■weeks,  to  show  the  primi- 
tive eelatioifs  of  the 
Limbs  to  the  Trunk. 
(Allen  Thomson.)     f 

r,  tlie  radial  (preaxial), 
and  u,  tlie  ulnar  (postaxial) 
torder  of  tlie  hand  and  fore- 
arm ;  t,  the  tibial  (preaxial), 
and  /,  the  fibular  (postaxial) 
border  of  the  foot  and  lower 
leg.  (The  foot  is  represented 
at  a  somewhat  more  advanced  stage  than  the  rest  of  the  embryo). 

of  the  trunk.  As  the  projection  of  the  limb  increases  fi'om  the  side  of 
the  body,  the  distal  or  terminal  segment  becomes  slightly  notched  off 
from  the  part  next  the  trunk.  This  terminal  part,  forming  nearly 
three-fourths  of  a  somewhat  circular  flattened  plate,  contains  the  rudi- 
ments of  the  hand  or  foot.  The  nest  change  which  takes  place  is 
in  the  division  of  the  proximal  part,  or  rather  the  preaxial  border 
and  ventral  surface,  by  a  notch  which  separates  the  fore-arm  and 
lower  leg  from  the  upper  arm  and  thigh  at  the  elbow  and  knee  joint 
respectively.  In  the  third  stage  the  notched  division  of  the  free  lateral 
curved  margin,  with  intermediate  slightly  tubercular  projections  of  the 
substance,  shows  the  commencement  of  digital  development,  in  which  it 
soon  becomes  apparent  that  the  pollex  and  hallux  occupy  the  preaxial 
position  in  their  respective  limbs,  and  are  followed  by  the  series  of 
other  fingers  to  the  fifth,  which  is  placed  on  the  postaxial  border. 
From  these  it  is  easy  to  trace,  by  reference  to  the  simple  original  posi- 
tion of  the  limbs,  the  preaxial  position  afterwards  held  by  the  radius  in 
the  one  and  the  tibia  in  the  other,  and  the  postaxial  position  of  the  ulna 
or  fibula.  In  the  meantime  the  internal  differentiation  of  texture  takes 
place,  by  which  is  brought  out  the  more  complete  distinction  of  the 
segments  of  the  limbs,  and  the  various  component  parts  of  each,  which 
gradually  appear  in  the  cartilages  for  the  bones,  muscular  plates 
extended  from  the  general  muscular  sheath  of  the  trunk,  prolongation 
of  the  cutaneous  layer  of  the  integument,  the  formation  of  nerves, 
blood-vessels,  &c.,  the  consideration  of  aU  which  belongs  to  the  history 
of  more  advanced  development. 
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In  order  also  to  complete  the  history  of  the  formation  of  the  limbs, 
it  is  necessary  to  take  account  of  the  changes  of  attitude  the  anterior 
and  posterior  respectively  undergo,  as  compared  with  the  primary  em- 
bryonic position.  In  this  the  elbow  comes  first  to  be  turned  outwards 
and  then  directed  backwards,  bringing  the  flexor  surface  of  the  upper 
arm  forwards,  while  the  position  of  the  flexor  surface  of  the  fore-arm 
and  hand,  though  generally  and  naturally  inwards,  may,  by  supination, 
fee  brought  forwards,  and  by  pronation  backwards,  the  latter  being  the 
permanent  position  given  to  the  manus  in  most  animals.  In  the  hinder 
limb,  again,  the  thigh  is  turned  inwards,  so  that  in  the  higher  animals 
the  flexor  surface  looks  backwards,  and  in  all  animals  the  lower 
division  of  the  limb  is  turned  inwards  and  the  sole  of  the  foot  down- 
wards, so  that  the  extensor  surface  and  dorsum  look  forwards.  (See  vol.  i,, 
p.  122.) 

4.  DEVELOPMENT  .  OF  THE  MUSCLES. 

The  muscles  of  the  trunk  derive  their  origin  fi'om  the  muscular 
plates  previously  referred  to  as  being  separated  by  differentiation  of  the 

Fi-.  543. 


Fig.  543. — Section  thkouoh    the   Lumbar   Region   of   an   Embryo-Chick  of  Four 
Days  (from  Foster  aad  Balfoui'). 

nc,  neural  canal  ;  ^sr,  posterior  root  and  ganglion  of  a  spinal  nerve  ;  ar,  anterior  root ; 
inp,  muscle-plate;  ch,  notochord  ;  WR,  Wolffian  ridge;  AO,  aorta;  Vc a,  cardinal 
vein  ;  Wd,  Wolffian  duct ;  Wb,  Wolffian  body  with  glomeruli ;  ge,  germinal  epithelium  ; 
3fd,  depression  forming  the  commencement  of  the  Miillerian  duct ;  d,  alimentary  canal ; 
M,  mesentery ;  SO,  somatopleure ;  SP,  splanchnopleure  ;  V,  blood-vessels  ;  pjj, 
pleuro-peritoneal  space. 
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formative  cells  in  the  outer  or  superficial  part  of  tke  protovertebral 
masses.  Some  difference  of  opinion  exists,  however,  among  embryolo- 
gists,  as  to  how  far  the  hypaxial  (hyposkeletal  of  Huxley)  as  well  as 
the  epaxial  muscles,  proceed  from  this  source  alone,  or  whether  only 
the  latter  are  traceable  to  the  muscular  plate  formed  by  the  i)roto- 
vertebral  differentiation,  and  the  hypaxial  may  be  supposed  to  proceed 
from  a  deeper  source. 

Recent  observations  seem  to  show  that  a  downward  extension  of  the 
mesoblast  from  the  protovertebree  may  also  give  rise  to  the  hypaxial 
muscles. 

Being  developed  from  the  segmented  protovertebral  elements,  the 
muscular  plate  shows  at  first  the  same  division  into  segments,  which 
are  separated  for  a  time  by  intermuscular  septa  (myotomes)  as  occurs 
during  life  in  a  considerable  number  of  them  in  fishes  and  amphibia. 

The  formation  of  the  longer  muscles  of  the  trunk  proceeds  from  the 
disappearance  of  the  septa,  and  the  longitudinal  union  of  the  fasciculi 
of  successive  myotomes.  In  the  trunk  the  direction  of  these  remains 
for  the  most  part  chiefly  longitudinal,  but  those  connected  with  the 
limb-girdles  change  their  direction  with  the  development  of  the  limb. 

The  formation  of  the  muscles  of  the  limbs  themselves  has  not  been 
traced  in  detail.  The  greater  number  of  these  muscles  appear  rather 
to  arise  independently  in  the  blastodermic  tissue  of  the  limb-bud,  than 
to  be  prolonged  from  the  sheets  of  trunk-muscles  (Kolliker). 

The  facial  muscles  and  the  platysma,  belong  to  the  subcutaneous 
system,  and  are  developed  along  with  the  skin. 

The  diaphragm  is  at  first  wanting.  It  arises  soon  after  the  forma- 
tion of  the  lungs,  from  two  parts  which  spring  from  above  and  the 
sides,  and  which  divide  the  pleural  and  peritoneal  cavities,  which  were 
previously  in  one,  from  each  other. 

The  muscles  begin  to  be  formed  in  the  human  embryo  in  the  sixth 
and  seventh  week. 

Formation  of  the  Joints. — "With  regard  to  the  formation  of  the 
joints,  very  little  is  known.  It  would  appear  that  the  cavities  of  the 
synovial  joints  are  not  yet  formed  at  the  time  when  chondrification 
has  taken  place  in  the  matrix  of  the  bones.  It  is  therefore  by  a 
secondary  process  of  solution  of  continuity  that  these  cavities  are  pro- 
duced. The  articular  cartilages  remain  as  the  coverings  of  the  opposed 
surfaces  of  the  bones,  and  the  various  ligamentous  and  other  parts 
belonging  to  the  joints  arise  by  processes  of  textural  differentiation 
which  it  is  unnecessary  to  particularise  here. 

Distinction  of  Bones  according'  to  their  Cartilaginous  or  Membranous 

Origin. — There  is  here  appended  for  the  assistance  of  the  reader  a  note  of  the 
distinction  as  regards  their  origin  from  cartilage  or  fibrous  membrane  of  the 
several  permanent  bones  of  the  skeleton. 

1.  Bones  arising  from  Cartilane  : — 

a,  In  the  ITead. 

Basi-occipital,  ex-occipital,  and  part  of  the  supra-occipital  or  squama  occipitis. 

The  whole  sphenoid  except  the  comua  sphenoidalia. 

The  petro-mastoid  or  periotic  portion  of  the  temporal  bone. 

The  mes-ethmoid  and  ethmo-turbinal. 

The  pterygo-palatine. 

The  malleus  (quadrate  of  animals)  with  Meckel's  cartilage. 

The  incus  and  stapes,  with  the  stylo-hyoid. 

The  thyi'o-hyoid. 
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1.  In  tlie  TnmJi. 

The  bodies,  arches,  and  processes  of  the  Tertebr^e. 
The  ribs  and  sternum. 

c.  In  the  Limhs. 

The  scapula  and  coracoid.  The  clavicle  in  part,  and  all  the  other  bones  of  the 
upper  limbs  (excepting  sesamoid). 

The  ilium,  ischium,  and  pubis,  and  all  the  other  bones  of  the  lower  limbs, 
including  the  patella,  but  excepting  sesamoid  of  toe. 

2.  Bones  arisinfj  from  FUrous  3Iemhrane : — 
a.  In  the  Head. 

Part  of  the  squama  occipifeis. 

Tlie  frontal. 

The  parietal. 

The  squamo-zj'gomatic  and  tympanic  of  the  temporal. 

The  nasal  and  lachrymal. 

The  maxillaries  and  pre-maxillaries. 

The  vomer  and  comua  sphenoidalia. 

The  inferior  or  maxillo-turbinal. 

The  malar  or  jugal. 

The  inferior  maxillary  or  mandibular. 

d.  In  the  Trunh.     None. 
c.  In  the  limls. 

The  clavicle  in  part. 

(The  marsupial  bone  of  animals.) 

The  smaller  sesamoid  bones  of  tendons. 

DEVELOPMENT  OF  THE   NESVOUS   SYSTEM. 

The  Cereliiro-spinal  Centre. — From  what  has  been  previously 
stated  it  will  have  been  seen  that  the  rudiment  of  the  cerebro-spinal 


Fig.  544. 


Fig.  545. 


Fig.  544. — Embryo    of    the     Dog   seen    from    above,    with    a    portion    of    the 
Blastoderm  attached  (fi'oin  Bischoff ). 

The  medullary  canal,  not  yet  closed,  sLows  at  the  cephalic  extremity  a  partial 
division  into  the  three  primary  cerebral  vesicles  ;  and  at  the  posterior  extremity  a 
rhomboidal  enlargement.  Six  proto-vertebral  divisions  are  visible  ;  so,  the  upper  division 
of  the  blastoderm,  sp,  the  lower  division. 
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Fig.  545. — Embryo  of  the  Dog  more  advanced,  seen  from  aboye  (after  Bisclioff ). 

The  medullaiy  canal  is  dow  closed  in  ;  c,  the  anteiior  encephalic  vesicle  ;  o,  the  primi- 
tive optic  vesicle  in  communication  with  the  anterior  encephalic  ;  au,  the  primitive 
auditory  vesicle  opposite  the  third  encephalic  vesicle  ;  am,  the  cephalic  fold  of  the  amnion 
enclosing  the  anterior  third  of  the  embryo  ;  ov,  the  omjjhalo-mesenteric  vein  entering  the 
heart  posteriorly  ;  pv,  the  proto-vertebral  divisions,  now  become  niunerous. 

nervous  centre  is  formed  more  immediately  from  the  thickened  medul- 
lary plates  of  the  involuted  epiblast,  the  ridges  of  which,  rising  from 
the  surface  of  the  blastoderm,  become  united  dorsally  along  the  middle 
line  into  a  hollow  medullary  tube  of  a  cylindrical  form.  This  tube 
becomes  dilated  at  its  anterior  or  cephalic  extremity,  and  this  dilated 
portion  becomes  divided  by  two  partial  constrictions  into  the  three 
primary  cerebral  or  encephalic  vesicles,  which,  as  representing  funda- 
mental portions  of  the  brain,  have  been  termed  the  fore-brain,  mid-brain 
and  hind-brain.  The  spinal  portion  retains  its  more  uniform  cylindrical 
shape,  excepting  towards  the  caudal  extremity,  where  it  is  longer  of 


Fig.  5i6. 


Fig.  546. — Transverse  Sec- 
tion through  the  Em- 
bryo OF  THE  Chick,  and 
Blastoderm  at  the  end 
OF  THE  First  Day.  Mag- 
nified FROM  90  TO  100 
TIMES  (from  Kolliker). 

h,  epiblast ;  del,  hypoblast  ; 
sp,  niesoblast  ;  Pv,  medullary 
groove  ;  m,  medullary  plates ; 
ck,  chorda  dorsalis  ;  incp,  proto-vertebral  plate  ;  vauJi,  commencement  of  division  of 
mesoblast  into  its  upper  and  lower  laminre  ;  between  i?/  and  h  the  dorsal  laminae  or 
ridges  which  by  their  ap^jroximation  close  in  the  medullary  canal. 

closing,  and  forms  for  a  time  a  flat  open  rhomboidal  dilatation.  The 
continuous  cavity  enclosed  within  the  primitive  medullary  tube  is  the 
sam.e  with  that  which,  variously  modified,  afterwards  constitutes  the 
central  ventricles  of  the  brain  and  canal  of  the  spinal  cord. 

The  formative  cells  composing  the  medullary  substance  are  at  first 
spherical,  but  they  afterwards  become  elongated  and  spindle-shaped, 
and  increase  rapidly  by  multiplication.     They  represent  at  first  the 

Fig.  547. 


Fig.   547. — Transverse  Section  of  the   Embryo  Chice  on  the  Second  Day.     Mag- 
nified FROM  90  to  100  times  (from  Kolliker). 

The  explanation  of  the  letters  is  in  part  the  same  as  in  the  foregoing  figure,  mr,  the 
medullary  tube  now  closed  along  the  dorsal  line  and  covered  in  by  continuous  epiblast ; 
nwh,  hollow  of  the  jiroto-vertebral  mass ;  vip,  mesoblast  external  to  the  protovertebrsB 
dividing  into  hpl,  somatop>leure,  and  df,  splanchnopleure ;  ao,  one  of  the  primitive 
aortas  ;  ung,  intermediate  mass  connected  with  the  origin  of  the  Wolffian  body. 
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grey  substance,  or  the  nerve-cells  and  non-medullated  fibres.  The 
cylindrical  cells  which,  from  the  first,  line  the  Avhole  canal,  remain  per- 
manently in  the  part  of  it  which  forms  the  central  canal  of  the  spinal 
marrow,  and  frequently  present  the  ciliated  structure. 

THE     SPINAL    MARROW- 

The  internal  grey  substance  of  the  spinal  marrow  is  first  formed; 
the  Avhite  substance  is  produced  later  on  the  exterior.  The  sides 
acquire  considerable  increased  thickness,  while  the  dorsal  and  ventral 
parts  remain  comparatively  thin,  so  that  the  cavity  assumes  the  appear- 
ance in  section  of  a  slit,  which  becomes  gradually  narrower  as  the 
lateral  thickening  increases  ;  and  at  last  the  opposite  surfaces  uniting 
in  the  middle  divide  the  primary  central  canal  into  an  anterior  or  lower 
and  posterior  or  upper  part  (see  figs.  547  and  548). 

The  lower  of  these  divisions  becomes  the  permanent  central  canal, 
the  upper  or  dorsal  is  afterwards  so  far  obliterated  that  it  is  filled  with 
a  septum  of  connective  tissue  belonging  to  the  pia  mater,  and  becomes 
the  posterior  fissure  of  the  cord  (in  human  anatomy).  (Lockhart 
Clarke,  Phil.  Trans.  1862.) 

In  birds  and  mammals  there  is  no  distinction  to  be  seen  at  first  be- 
tween the  outer  or  corneous  layer  of  the  involuted  epiblast  and  the  cells 
which  by  their  increase  more  immediately  constitute  the  medullary 
plates.  In  batrachia,  however,  the  dark  colour  of  the  corneous  layer 
shows  it  to  be  distinct  from  the  more  strictly  nervous  layers.  In  osseous 
fishes  there  is  no  medullary  groove  or  canal  at  first,  but  an  involution 
of  a  solid  column  of  cells,  which  is  subsequently  hollowed  out  for  the 
formation  of  a  ventricular  cavity. 

The  masses  of  grey  matter  first  formed  in  the  spinal  marrow  corre- 
spond chiefly  to  the  anterior  columns ;  these  are  succeeded  by  lateral 
masses  or  columns,  and  somewhat  later  by  small  posterior  columns. 
There  are  at  first  no  commissures  except  by  the  passage  of  the  deepest 
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Fig.  548. — Transverse  Section  of  the  Cervical 
Part  of  the  Spinal  Cord  of  a  Hujian  Embryo  of 
Six  Weeks  (from  KoUiker).     ^f 

This  and  the  following  figure  are  only  sketched,  the 
white  matter  and  a  part  of  the  grey  not  being  shaded 
in.  c,  central  canal  ;  e,  its  epithelial  lining,  at  e 
(inferiorly),  the  part  which  becomes  the  anterior 
commissure  ;  at  e'  (superiorly),  the  original  place 
of  closure  of  the  canal  ;  a,  the  white  substance  of 
the  anterior  columns,  beginning  to  be  separated  from 
the  grey  matter  of  the  interior,  and  extending  round 
into  the  lateral  column,  where  it  is  crossed  by  the 
line  from  g,  which  points  to  the  grey  substance  ;  p, 
posterior  column  ;  «?•,  anterior  roots  ;  p7',  posterior 
roots. 


layer  of  cells  across  the  middle  line,  but  the  fibres  from  the  roots  of  the 
nerves  when  formed  are  traceable  into  the  grey  substance  of  their 
respective  anterior  and  posterior  columns. 

The  white  substance  is  formed  external  to  or  on  the  surface  of  the 
deeper  grey  substance ;  but  it  is  not  yet  determined  whether  it  is 
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developed  out  of  the  cells  composing  the  grey  matter  or  from  separate 
blastema  to  which  the  mesoblast  may  in  part  contribute.  _  It  is 
combined  with  connective  tissue  elements,  and  its  structure  is  different 
from  that  of  the  grey  substance,  which  is  undoubtedly  produced  by 
multiplication  and  differentiation  of  the  involuted  epiblastic  cells. 


Fig.  549.— Transverse  Section  of  Half 
THE  Cartilaginous  Vertebral  Column 
AND  THE  Spinal  Cord  in  the  Cervical 
Part  of  a  Human  Embryo  op  prom 
NINE  to  ten  weeks  (from  Kolliker)      - 

€,  central  canal  lined  with  epithelium  ; 
a,  anterior  column  ;  j5,  posterior  column  ; 
p',  Ijand  of  Goll ;  g,  ganglion  of  tbc 
posterior  root ;  p  r,  posterior  root  ;  a  r, 
anterior  root  passing  over  the  ganglion  ; 
d  m,  dura-matral  sheath,  omitted  near  p  r, 
to  show  the  posterior  roots  ;  b,  body  of 
the  vertebra  ;  ch,  chorda  dorsal  is  ;  n  a, 
neural  arch  of  the  vertebra. 


On  the  fifth  and  sixth  days  in 
the  chick,  according  to  Foster 
and  Balfour,  the  white  columns 
increase  rapidly  in  size,  and  the 
anterior  median  fissure  begins  to 
be  formed  between  the  anterior 
columns  by  their  swelling  out- 
wards  and    leaving  its    interval 

between  them.  It  is  at  first  wide  and  shallow,  and  soon  receives  a 
lining  of  vascular  connective  tissue  or  pia  mater.  The  commissures 
are  now  also  formed  ;  the  anterior  grey  commissure  first,  then  the  pos- 
terior grey,  and  somewhat  later  the  anterior  white  commissure. 

In  the  further  increase  of  the  anterior  and  lateral  white  columns  as 
they  thicken,  they  become  more  united  together  on  each  side,  so  that 
they  can  only  be  arbitrarily  distinguished ;  the  fibres  of  the  roots  of 
the  nerves  are  traced  through  them  into  the  grey  matter  ;  the  cornua 
of  grey  matter  become  more  and  more  developed,  and  the  fissures  between 
the  white  columns  deepen,  while  the  connective  tissue  or  pia-matral 
septa  run  more  completely  inwards  through  the  white  substance. 

Angular  cells  with  radiating  processes  make  their  appearance  in  the 
grey  matter,  and  the  nerve-fibres  both  of  the  grey  and  white  matter 
become  more  distinct. 

The  cylindrical  cells  lining  the  central  canal  retain  their  distinctness, 
and  they  are  more  completely  separated  from  the  grey  matter  by  the 
delicate  tissue  of  the  ependyma.  Throughout  the  greater  part  of  the 
spinal  marrow  the  dorsal  part  of  the  primary  medullary  hollow  is 
obliterated  to  form  the  fissure,  but  in  the  sacral  region  of  birds  it 
opens  out  in  the  rhomboidal  sinus,  and  in  the  filum  terminale  of  the 
human  spinal  marrow  the  whole  primary  medullary  cavity  remains. 

Th.e  SPINAL  COED  has  been  found  by  Kolliker  already  in  the  form  of  a  cylinder 
in  the  cervical  region  of  an  embryo  four  weeks  old.  Un-united  borders  have  been 
seen  by  Tiedemann  in  the  ninth  week  towards  the  lower  end  of  the  cord,  the 
perfect  closing   of   the  furrow  being  delayed  in   that  part,  which   is  slightly 
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enlarged,  and  presents  a  longitudinal  median  slit,  analogous  to  the  rhomboidal 
sinus  in  birds. 

The  anterior  fissure  of  the  cord  is  developed  very  early,  and  contains  even  at 
Joi'Su  a  process  of  the  pia  mater. 


Fig. 


50. 


Ic  If      — 


Fig.  550. — Transveese  Sec- 
tion OF  Half  of  the 
Spinal  Cord  of  the  Chick 
OF  Seven  Days  (from  Fos- 
ter and  Balfour).  Magnifier 

pciv,  posterior,  Iciv,  lateral, 
and  acw,  anterior  white 
columns  ;  'pc,  jiosterior  cornu 
of  grey  matter  with  small 
cells  ;  ac,  anterior  grey  cornu 
with  large  cells  ;  ep,  epithelium 
of  the  canal  ;  c,  the  upper 
part  now  open  and  filled  with 
tissue  in  the  posterior  fissure  ; 
spic,  the  lower  division  of  the 
primitive  medullary  cavity, 
which  remains  as  the  per- 
manent canal  ;  af,  anterior 
fissure  left  between  the  pro- 
jecting anterior  columns  ;  age, 
anterior  grey  commissure. 


The  cervical  and  lumbar 
enlarr/ements,  opposite  the 
attachments  of  the  brachial 
and  crural  nerves,  appear  at 
the  end  of  the  third  month  : 
in  these  situations  the  cen- 
tral canal,  at  that  time  not 
fflled  up,  is  somewhat  larger  than  elsewhere  (see  figs.  .5oG  and  5.58). 

At  first  the  cord  occupies  the  whole  length  of  the  vertebral  canal,  so  that  there 
is  no  Cauda  equina.  In  the  fourth  month  the  vertebrse  begin  to  grow  more 
rapidly  than  the  cord,  so  that  the  latter  seems  as  it  were  to  have  been  retracted 
within  the  canal,  and  the  elongation  of  the  roots  of  the  nerves  which  gives  rise 
to  the  Cauda  equina  is  commenced.  At  the  ninth  month,  the  lower  end  of  the 
cord  is  opposite  the  third  lumbar  vertebra.  (KoUiker,  Entwickelungsgeschichte  ; 
Lockhart  Clark  in  the  Phil.  Trans.  1862  ;  Bidder  und  Kupfer,  Untersuch.  iib  d. 
Eiickenmark,  Leipz.,  1857.     Foster  and  Balfour,  Elements  of  Embiyology.) 

Till  lately  it  was  believed  that  the  roots  and  ganglia  of  the  spinal 
nerves  are  at  first  distinct  from  the  medullary  substance  of  the  cord, 
and  that  they  originate  by  differentiation  of  cells  in  the  mesoblastic 
substance  of  the  protovertebral  plate.  But  recent  observations,  to  be 
more  particularly  referred  to  hereafter,  have  shown  that  they  arise  in 
j)art  at  least  in  close  connection  with  the  spinal  cord  itself. 


THE    BEAIN    OR    ENCEPHALON. 

1. — General  phenomena  of  development  as  ascertained  in  Mrds  and 
■mammals. — A  reference  has  previously  been  made  to  the  simple  form  in 
which  the  brain  at  first  presents  itself  in  the  anterior  dilated  portion 
of  the  primitive  medullary  tube,  and  its  partial  division  into  the  three 
primary  cerebral  vesicles.  This  is  placed  Avithin  simple  cranial  walls 
formed  by  the  cephalic  inflection  of  the  blastoderm,  without  face  or 
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any  other  parts  ;  so  that  the  head  of  the  embryo  consists  at  first  of 
no  more  than  the  wider  part  of  the  medullary  tube  and  the  simple 
enclosina:  wall. 


Fig.  551. 


Fig.  551. — Four  Vie^ws  of  the  Brain  op  an  Embrto-kitten  in  the  Stage  of  First 
Division  into  the  Five  Cerebral  Ruui-menis,  iiAG;\iFiED  Three  Diajieters  (from 
Reicliert). 

A,  from  above  ;  B,  from  tlie  side  ;  C,  vertical  section  showing  the  interior  ;  D,  from 
below. 

1,  Cerebral  hemisphere,  prosencephalon  ;  2,  thalamencephalon  ;  3,  mesencephalon, 
still  single  ;  4,  cerebellum,  epencephalon  ;  5,  myelencephalon,  medulla  oblongata  ;  o, 
optic  nerves  ;  V,  fifth  pair  ;  VIII,  eighth  pair  or  glossopharyngeal  and  pneumogastric  ; 
*,  infundibulum  ;  r,  v',  general  ventricular  cavity,  opening  at  v,  into  the  lateral  ventricle 
by  the  foramen  of  Monro. 

In  the  base  of  this  wall,  it  will  be  remembered  that  the  notochord 
extends  forward  beneath  the  posterior  and  middle  of  the  vesicles,  and 
occupies,  therefore,  the  part  of  the  cranium  corresponding  to  the  occi- 
pito- sphenoidal  basis,  while  the  trabecule  cranii,  developed  forwards 
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Fig.  552. — Vertical  Sections  of  Embrtonio 
Brains  in  two  Stages  of  Transition  from 
the  Rudimentary  Condition,  Magnified 
three  Diameters  (from  Reichert). 

A,  Brain  of  the  embryo  pig  in  commencing 
state  of  transition.  1,  Right  cerebral  hemi- 
sphere; 2,  thalamencephalon  and  position  of 
the  pineal  gland  ;  3,  midbrain,  with  a  large 
cavity  ;  /,  foramen  of  Monro  ;  i,  infundibulum ; 
4,  cerebellum  ;  5,  medulla  oblongata. 

B,  Brain  of  the  embryo  of  the  cat  more 
advanced,  c,  Cerebral  hemisphere  passing  back- 
wards so  as  to  cover  the  other  parts  in  succes- 
sion ;  I,  olfactory  bulb  ;  II,  optic  nerve  ;  th, 
iihalamus  opticus  ;  /,  foramen  of  Monro  ;  cc,  cor- 
pus callosum  ;  ^3,  pineal  gland  ;  i,  infundibulum  ; 
cq,  corpora  quadrigemina,  not  yet  divided  ;  3, 
third  ventricle  ;  cr,  crura  cerebri,  the  aque- 
duct of  Sylvius,  now  reduced  in  width  ;  c',  cere- 
bellum ;  4,  fourth  ventricle  ;  j)v,  Pons  Varolii  ; 
■jjz,  medulla  oblongata. 

from  below  the  anterior  vesicle,  are  prolonged  in  the  anterior  or  spheno- 
ethmoidal part.  The  latter  cerebral  rudiment,  therefore,  which  corre- 
sponds to  the  thalami  optici  and  third  ventricle,  and  which  may  with 
Huxley  be  conveniently  called  thalamencephalon,  is  at  first  the  foremost 
part  of  the  brain,  and  the  region  of  the  pituitary  fossa  lying  below  it  is 
the  foremost  part  of  the  cranial  basis.  The  manner  in  which  the  deve- 
lopment of  the  trabecules  and  other  elements  of  the  face  modifies  the 
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form  of  this  reoion  of  the  head  has  ah-eady  been  adverted  to,  aud  need 
not  be  repeated  here. 

As  regards  the  earliest  phenomena  of  development  in  the  brain  itself, 
there  are  three  changes  which  mainly  tend  to  modify  its  form  in  the 
most  marked  degree,  viz.,  1st,  the  development  from  the  anterior  vesicle 
on  each  side  of  the  primitive  ocular  vesicle ;  2nd,  the  expansion  from 
another  part,  somewliat  later,  of  the  vesicles  of  the  cerebral  hemis- 
pheres; and  3rd,  the  formation  in  the  forepart  of  the  posterior  encephalic 
vesicle  of  a  new  cerebral  rudiment  corresponding  to  the  cerebellum. 

Fig.  553.  Fig.  553. — Sketches  op  the  Peimitive  Parts 

1.  2.  ■■>  ^^  ^^^  HuJiAN  Brain  (from  Kollilver). 

1,  2,  and  3  are  from  the  human  embryo  of 
about  seven  weeks.  1,  view  of  the  whole 
embryo  from  behind,  the  brain  and  spinal 
cord  exposed  ;  2,  the  posterior,  and  3,  the 
lateral  view  of  the  brain  removed  from  the 
body ;  7i,  the  cerebral  hemisphere  (prosen- 
cephalon) ;  i,  the  thalamencephalon  ;  i',  the 
iufundibulum  at  the  lower  part,  of  the  same  ; 
m,  the  middle  primary  vesicle  (mesen- 
cephalon) ;  c,  the  cerebellum  (epencephalon)  ; 
m  0,  the  medulla  oblongata.  Figure  3  shows 
also  the  several  curves  which  take  place  in 
the  development  of  the  parts  from  the  primi- 
tive medullary  tube.  In  4,  a  lateral  view  is 
given  of  the  brain  of  a  human  embrjo  of 
three  months  :  the  enlargement  of  the  cerebral 

hemisphere  has  covered  in  the  optic  thalami,  leaving  the  tubercula  quadrigemina,  m, 

apparent. 


The  formation  of  the  primitive  ocular  vesicles,  by  an  evolution  of  the 
lateral  wall  of  the  primitive  medullary  tube,  gives  to  the  first  vesicle  and 
the  adjacent  part  of  the  head  a  much  greater  lateral  width  ;  but  the 
cranial  wall,  though  pushed  out  by  the  enlarging  oculai:  vesicles,  does 
not  follow  closely  the  inflection  of  their  surfaces.  As  the  subse- 
quent contraction  of  the  stalk  of  the  ocular  vesicles  progresses,  these 
vesicles  are  thrown  more  backwards  and  downwards  by  the  change 
next  to  be  described. 

This  is  the  evolution  or  expansion  of  the  wall  of  the  anterior  ence- 
phalic vesicle  into  the  two  cerebral  hemispheres,  which  takes  place  in 
front  and  at  each  side,  so  that  the  vesicles  of  the  right  and  left  hemis- 
pheres are  from  the  first  separate  and  distinct.  As  these  vesicles 
become  dilated,  the  cranial  wall  undergoes  a  corresponding  expansion 
in  the  forepart  of  the  head,  and  the  vesicle  of  the  thalamencephalon, 
which  w^as  at  first  the  foremost  part  of  the  embryo-head,  is  thrown 
downwards  and  backwards  into  a  deeper  position. 

The  middle  encephalic  vesicle,  increasing  greatly  in  size,  takes  the 
most  prominent  part  of  the  head  superiorly,  both  from  its  own  greater 
relative  magnitude,  and  from  the  sudden  bend  which  the  head  now 
takes  below  this  vesicle  in  the  great  cranial  curvature. 

The  formation  of  the  cerebellum  begins  by  a  thickening  in  the  upper 
and  lateral  walls  of  the  part  of  the  posterior  primitive  vesicle  which  is 
next  to  the  midbrain,  and  is  accompanied  by  a  deep  inflection  of  the 
medullary  tube  between  it  and  the  remaining  part  of  the  vesicle  which 
forms  the  medulla  oblongata. 
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There  are  thus  disting-uished  the  rudiments  of  fire  fundamental 
constituents  of  the  brain,  under  which  it  will  be  found  convenient  to 
bring  the  notice  of  the  develoj^ment  of  the  several  parts  forming  the 
full  grown  organ,  and  which  m.ay  in  this  association  be  shortly  enume- 
rated as  follows,  viz.  : — 

1.  The  cerebral  hemispheres,  with  their  yentricular  hollows  or  lateral 
ventricles,  the  corpora  striata,  and  the  olfactory  lobes, — a  set  of  parts 
to  which,  as  a  whole,  the  name  oi.  procerebrum  ox  lyfosmcepUalon  may  be 
given. 


Fig.  554. — Sketches  of  the  early  form  Fig.  554. 

OP    THE    PARTS    OF    THE    CeREBRO-SPINAL 

Axis    in    the    Human    Embryo  (after  ■''- 

Tieclemann). 

A,  at  tlie  seventh  week,  lateral  view ; 

1,  spinal  cord  ;  2,  medulla  oblongata  ;  3, 
cerebellum  ;■  4,  mesencephalon  ;  5,  6,  7, 
cerebrum.  B,  at  the  ninth  week,  pos- 
terior view;  1,  medulla  oblongata;  2, 
cerebellum  ;  3,  mesencephalon  ;  4,  5,  tha- 
lami  optici  and  cerebral  hemisjaheres. 
C  and  D,  lateral  and  posterior  views  of 
the  brain  of  the  human  embryo  at  twelve 
weeks,  a,  cerebrum ;  h,  corpora  quadri- 
gemina ;  c,  cerebellum  ;  d,  medulla  ob- 
longata ;  the  thalami  are  now  covered  by 
the  enlarged  hemispheres.  E,  j)osterior 
view  of  the  same  brain  dissected  to  show 
the  deeper  parts.     1,  medulla  oblongata  ; 

2,  cerebellum  ;  3,  corpora  quadrigemina  ; 
4,  thalami  optici ;  5,  the  hemisphere  turned 
aside ;  6,  the  corpus  striatum  embedded 
in  the  hemisphere  ;  7,  the  commencement 
of  the  corpus  callosum.  F,  the  inner  side 
of  the  right  half  of  the  same  brain  sepa- 
rated by  a  vertical  median  section,  show- 
ing the  central  or  ventricular  cavity.  1,  2, 
the  spinal  cord  and  medulla  oblongata, 
still  hollow  ;  3,  bend  at  which  the  pons 
Varolii  is  formed ;  4,  cerebellum  ;  5,  lamina 
(superior  cerebellar  peduncles)  passing  up 
to  the  corpora  quadrigemina  ;  6,  crura 
cerebri  ;  7,  corpora  quadrigemina,  still 
hollow  ;  8,  third  ventricle  ;  9,  infundibu- 

lum  ;  10,  thalamus,  now  solid  ;  11,  optic  nerve  \  12,  aperture  leading  into  the  lateral 
ventricle  ;  13,  commencing  corpus  callosum. 


2.  The  thalamencephalon  with  its  cavity  or  third  ventricle,  the 
primary  ocular  pedicles,  and  the  infundibulum. 

3.  The  mesencejjJialon,  which  is  the  same  with  the  original  middle 
vesicle,  and  comprises  the  corpora  quadrigemina  and  crura  cerebri  with 
its  contracted  internal  hollow,  the  iter  a  tertio  ad  quartum  ventriculum 
of  human  anatomy. 

4.  The  next  part  in  succession  is  the  cerelelhrni^  along  with  which 
is  included  the  pons  Varolii  and  the  fourth  ventricle. 

5.  The  hinder  part,  which  passes  into  the  spinal  marrow,  is  the 
medulla  oblongata,  with  the  continuation  of  the  medullary  cavity  in 
the  fourth  ventricle  and  into  the  central  spinal  canal. 

In  these  five  fundamental  parts  or  rudiments  of  the  brain,  arising  out 
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of  very  simple  modifications  of  the  primitive  medullary  tube,  it  is  mainly 
by  au  increased  thickening  of  the  medullary  wall  in  some  of  the  parts, 
and  the  relative  thinning,  or  even  the  removal  of  the  substance  in 
others,  that  the  changes  accompanying  the  formation  of  the  cerebral 
m^^sses  are  effected,  while  as  a  consequence  of  these  and  other  modifi- 
cations of  form,  the  several  parts  of  the  internal  cavity  or  ventricles  of 
the  brain  acquire  the  different  degrees  of  expansion  and  contraction,  or 
the  comparatively  closed  or  open  condition  v/hich  they  exhibit  in  after 
life.  Thus  the  cerebral  hemispheres,  and  corpora  striata  are  the  main 
masses  formed  by  the  lateral  thickening  and  expansion  of  the  medullary 
walls  of  the  procerebrum,  while  the  corpus  callosum  and  fornix  are 
formed  later  by  a  deeper  median  development  in  connection  with  these 
parts  :  the  thalami  optici  are  the  most  solid  parts  of  the  lower  and 
lateral  region  of  the  second  rudiment,  while  in  the  upper  wall  the 
pineal  gland,  and  in  the  lower  the  infundibulum  with  the  hypophysis 
cerebri,  are  added  :  the  corpora  quadrigemina  are  thickenings  of  the 
upper  wall  of  the  third  rudiment,  while  the  crura  cerebri  arise  by 
increased  deposit  in  its  lower  part ;  the  cerebellum  is  a  large  deposit 
in  the  upper  wall  of  the  fourth  rudiment,  while  the  pons  Varolii  is  a 
thickening  of  its  lower  wall ;  and  the  parts  composing  the  medulla 
oblongata  are  principally  formed  by  increased  deposit  in  the  lower  and 
lateral  wall  of  the  fifth  rudiment. 

Thus,  also,  the  lateral  ventricles  are  two  lateral  expansions  of  the 
forepart  of  the  original  ventricular  cavity  which  follow  the  dilatation  of 
the  vesicles  of  the  right  and  left  cerebral  hemispheres,  and  communi- 
cate with  the  central  or  third  ventricle  by  the  common  foramen  of 
Monro.  The  central  or  third  ventricle,  originally  the  foremost  part  of 
the  medullary  hollow,  is  narrowed  on  the  sides  by  the  increased  develop- 
inent  of  the  thalami  optici,  while  inferiorly  it  is  prolonged  and  projects 
downwards  as  infundibulum  into  the  pituitary  fossa  ;  and  above  the 
wall  of  this  ventricle  comes  to  be  opened  up  by  the  thinning  away  of 
its  medullary  substance,  excepting  at  the  place  where  it  is  crossed  by 
the  pineal  gland.  The  continuation  backwards  of  the  original  ventri- 
cular hollow,  greatly  narrowed  by  the  ultimate  thickening  of  the  sub- 
stance of  the  corpora  quadrigemina  and  crura  cerebri,  forms  the  aque- 

Fig.  555.  Fig.  555. — Vertical  Section  or  thr  Brain  of  a 

Human  Embryo  of  fourteen  weeks,  Magnified 
THREE  DiAJiEi'EKS  (from  Reicliert). 

c,  cerebral  hemisphere  ;  cc,  carpus  callosum  be- 
beginning  to  pass  back ,  /,  foramen  of  Monro  ;  p, 
membrane  over  the  third  ventric-le  and  the  piineal 
gland  ;  th,  thalamus  opticus  ;  3,  third  ventricle  ; 
I,  olfactory  bulb  ;  cq,  corpora  quadrigemina,  mesen- 
cephalon :  cr,  crura  cerebri,  and  above  them  the 
aqueduct  of  Sylvius  still  wide  ;  c',  cerebellum,  and 
below  it  the  fourth  ventricle ;  pv,  Pons  Varolii  ; 
ni,  medulla  oblongata. 

duct  of  Sylvius,  or  the  iter  a  tertio  ad  quartum  ventriculmn,  and  is 
succeeded  by  the  more  expanded  cavity  of  the  fourth  ventricle,  lying 
between  the  cerebellum  and  the  lower  wall.  The  upper  wall  of  the  latter 
cavity  undergoes  great  thinning,  like  that  of  the  third  ventricle,  so  as 
to  be  reduced  in  the  part  before  the  cerebellum  to  the  valve  of  Vieussens, 
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and  in  the  part  behind  it  to  be  covered  only  by  membrane,  and  to 
present  an  opening  from  the  cavity  into  the  posterior  sub-arachnoid 
space. 

From  what  has  before  been  said  of  the  relation  of  the  fundamental 
parts  of  the  brain  to  the  basis  of  the  skull,  it  will  be  seen  that  the 
cerebral  development  is  intimately  connected  also  with  the  great  cranial 
flexure  which  occurs  at  the  pituitary  fossa  ;  for  while  the  infundibular 
prolongation  of  the  thalamencephalon  projects  down  into  this  fossa,  and 
the  lamina  terminalis  rises  in  front  in  the  position  of  the  original  fore- 
most part  of  the  encephalon,  certain  parts  of  the  brain  may  be  con- 
sidered as  situated  posterior  to  this  point,  viz.,  the  mesencephalon 
with  crura  cerebri,  cerebellum  with  pons  Varolii,  and  medulla  oblongata, 
while  the  cerebral  hemispheres,  with  the  corpora  striata,  corpus  cal- 
losum,  and  fornix,  notwithstanding  their  enormous  proportional  de- 
velopment, may  be  considered  as  formed  by  forward  expansion,  and  as 
situated  in  front  of  this  turning  point.  But  though  the  connections  of 
the  cerebral  hemispheres  with  the  rest  of  the  brain  may  thus  be  con- 
sidered as  anterior  to  the  cranial  centre,  and  while  in  their  earlier  stages, 
and  still  of  small  size,  they  are  actually  placed  as  in  the  lowest  Verte- 
brates, entirely  in  front  of  it,  yet  by  the  later  great  proportional 
development  in  the  higher  animals,  and  especially  in  man,  the  cerebral 
hemispheres  come  to  progress  backwards,  and  successively  to  cover 
superiorly  the  thalami,  corpora  quadrigemina_.  the  cerebellum,  and  the 
medulla  oblongata. 

The  connection  of  the  several  parts  of  the  brain,  with  the  five  funda- 
mental parts  respectively,  may  be  stated  in  the  following  tabular  form  : 

j"  Cerebral    Hemisplieres,    Corpora    Striata, 

{1.  Prosenceplialon.*    J.      Corpus  Callosum,  Fornix,  Lateral  Ven- 
(     tricles,  Olfactory  bulb  (Ebinenceplialon). 
2.  Thalamencephalon.  f  Thalami  Optiei,  Pineal  gland.  Pituitary  bodj-, 
(Diencephalon.)  (     Third  Ventricle,  Optic  nerve  (primarilj^). 

II.  Middle  primary  Vesicle,       3.  Mesencephalon.       |  CorpomQuadrigemina,  Crura  Cerebri  Aque- 
■^  •'  '  -^  t     ductof  Sylvius,  Optic  nerve  (secondarily). 

(  Cerebellum,  Pons  Varolii,  anterior  part  of 
4.  Epencephalon.         i     the  Foui'th  Ventricle. 


III.  Posterior  primary  Vesicle, 


J  (  Medulla  Oblongata,  Fourth  Ventricle,  Au- 

1 5.  Metencephalou.       \     ditory  nerve. 

The  changes  wMch  take  place  in  the  gi'O'wiih  of  the  brain  vv^ere  first  elaborately 
described  by  Tiedemann  ;  they  have  been  investigated  by  Von  Baer,  Bischoff, 
Remak,  Reichert,  KoUiker,  and  others.  (Tiedemann,  "  Anatomie  tind  Bildungs- 
geschichte  des  Gehims,"  Nliremberg,  1816  ;  Reichert,  "  Ban  des  Menschlichen 
Gehims,"  Leipzig,  1859, 1861  ;  F.  Schmidt,  '•  Beitragez.  Entwick.  des  Gehims,"  in 
•'  Zeitschr.  f.  Wissen.  Zool.,"  1862  ;  KoUiker,  "  Ent-ndcklungsgeschichte,"  1861.) 

FAETHER   DEVELOPMENT    OF    THE    BRAIN    IN    MAN    AND    MAMMALS. 

The  medulla  oblongata  is  not  completely  closed  in  above  by  nervous  matter. 
The  open  part  of  the  medullary  tube  constitutes  the  floor  of  the  foxirtli  ventricle. 
which,  communicates  below  with  the  canal  of  the  spinal  cord  at  the  place  where 
the  calamus  scriptorius  is  eventually  formed,  and  opens  posteriorly  into  the 
subarachnoid  space. 

*  This  and  the  four  following  terms  are  adopted  as  applicable  to  the  principal  secondary 
divisions  of  the  primordial  medullary  tube,  and  as  corresponding  to  the  commonly  received 
names  of  the  German  embryologists,  viz.,  Vorderhini,  Zwischenhirn,  Mittelhirn,  Hinter- 
hirn,  and  Nachhirn  ;  or  their  less  used  English  translations,  viz.,  forebrain,  interbrain 
('tweenbrain),  midbrain,  hindbrain,  and  afterbrain. 

3  c  2 
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Tlie  three  constituent  parts  of  the  mednHa  oblongata  begin  to  be  distingnisherl 
about  the  third  month  ;  fii-st  the  o-ectifornb  bodies,  which  are  connected  with  the 
commencing-  cerebellum,  and  afterwards  the  anterior  pyramids  and  olives.  The 
anterior  piiramids  become  prominent  on  the  surface  and  distinctly  defined  in  the 
fifth  month  ;  and  by  this  time  also  their  decussation  is  evident.  The  oUvan/ 
fasciculi  are  early  distinguishable,  but  the  proper  diranj  body,  or  tubercle,  does 
hot  appear  till  about  the  sixth  month.  The  fasmolce  cinerece  of  the  fourth 
ventricle  can  be  seen  at  the  fourth  or  fifth  month,  but  the  ovMte  strice  not  until 
after  birth. 

Cerebellum. — In  the  human  embryo  the  cerebellum  exists  at  the  end  of  the 
second  month,  as  a  delicate  medullary  lamina,  forming  an  arch  behind  the 
corpora  quadrigemina  across  the  widely  open  primitive  medullary  tube. 

According  to  Bischoff,  the  cerebellum  does  not  commence,  as  was  previously 
supposed,  by  two  lateral  plates  which  grow  up  and  meet  each  other  in  the  middle 
line ;  btit  a  continuous  deposit  of  nervous  substance  takes  place  across  this  part 

Fig.  556.  fig.  55g. — Brain  and  Spinal  Cord  exposed  feom  behind  in 

A  FoETiTS  OF  THREE   MONTHS  (from  Kollikei'). 


h,  the  hemispheres  ;  m,  the  mesencephalic  vesicle  or  corpora, 
quadrigemina,  c,  the  cerebellum  ;  l^elow  this  are  the  medul];i 
oblongata,  mo,  and  fourth  ventricle,  with  remains  of  the  mem- 
brana  obturatoria.  The  spinal  cord,  s,  extends  to  the  lower  end 
of  the  sacral  canal  and  presents  the  brachial  and  crural 
enlargements. 


of  the  medullary  tube,  and  closes  it  ixi  at  once.  This  layer 
of  nervous  matter,  which  is  soon  connected  with  the 
coi'pora  restifonnia,  or  inferior  peduncles,  increases  gi'adu- 
ally  up  to  the  fourth  month,  at  which  time  there  may  be 
seen  on  its  under  sui'face  the  commencing  corjnifs  dentatiim. 
In  the  fil^h  month  a  division  into  five  lohes  has  taken  place  ; 
at  the  sixth,  these  lobes  send  out  folia,  which  are  at  fu'st 
simple,  but  aftei-wards  become  subdivided.  Moreover,  the 
lunmspJterc's  of  the  cerebellum  are  now  relatively  larger 
than  its  median  portion,  or  worm.  In  the  seventh  month 
the  organ  is  more  complete,  and  the  Jfoccmhis  and  jwstcrior 
relum,  with  the  other  parts  of  the  inferior  vermiform 
process,  are  now  distinguishable,  except  the  amygdala;, 
which  are  later  in  then  appearance. 
Of  \hB iK'duncles  of  the  cerebellum,  the  inferior  pair  (corpora  restiformia)  are 
the  first  seen — viz.,  about  the  third  month  ;  the  middle  peduncles  are  perceptible 
in  the  f oui-th  month  ;  and  at  the  fifth,  the  superior  pedrmcles  and  the  Vieussenian 
valve.  The^w?;.?  Varolii  is  formed,  as  it  were,  by  the  fibres  from  the  hemispheres- 
of  the  cerebellum  embracing  the  pyramidal  and  olivary  fasciculi  of  the  medulla 
oblongata.  According  to  Baer,  the  bend  which  takes  place  at  this  part  of  the 
encephalon  thrusts  down  a  mass  of  nervous  substance  before  any  fibres  can  be 
seen ;  and  in  this  substance  transverse  fibres,  continuous  with  those  of  the 
cerebellum,  are  afterwards  developed.  From  its  relation  to  the  cerebellar  hemi- 
spheres the  pons  keeps  pace  with  them  in  its  gTOwth  ;  and,  in  conformity  with 
this  relation,  its  transverse  fibres  are  few,  or  entirely  wanting,  in  those  animals 
in  which  there  is  a  coiTesponding  deficiency  or  absence  of  the  lateral  parts  of  the 
cerebellum. 

Parts  connected  with  the  Mesenceiahalon. — The  corpora  qnadriyemina  are 
formed  in  the  upper  jDart  of  the  middle  cephalic  vesicle  ;  the  hollow  in  the 
interior  of  which  communicates  with  those  of  the  first  and  thhd  vesicles.  The 
corpora  quadrigemina,  in  the  early  condition  of  the  human  embryo,  are  of  great 
proportionate  volume,  in  hannony  with  what  is  seen  in  the  lower  vertebrata  ; 
but  subsequently  they  do  not  grow  so  fast  as  the  anterior  parts  of  the  ence- 
phalon, and  are  therefore  soon   overlaid   by  the  cerebral  hemispheres,  which 
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at  the  sixth  month  cover  them  in  completely.  Moreover,  they  become  gradually 
solid  by  the  deposition  of  matter  within  them  ;  and  as,  in  the  meantime, 
the   cerehral  jycrfwrtcZc^   are   increasing   rapidly   in    size    in   the   floor    of    this 

Fig.  537. — Braix  of  the  Human  Em-  Fig.  557. 

BRTO    OF    THREE     MONTHS,       NATURAL  /.  „ 

SIZE  (from  Kolliker). 

In  1  the  view  is  from  above,  the 
tipper  part  of  the  cerebral  hemispheres 
and  mesencephalon  having  been  re- 
moved. /,  fore-part  of  the  divided 
wall  of  the  hemisphere  ;  /',  hind  part 
of  the  same  turned  in  which  becomes 
the  hippocampus  ;  est,  corjDus  striatum  j 
tha,  thalamus  opticus. 

In  2  the  lower  smface  is  represented ; 
to,    tractus    opticus  ;  and   in   front   of 

this  the  olfactory  bulbs  and  tracts  ;  c  m,  single  mass  of  the  corpora  mammillaria  not  yet 
divided  ;  p,  pons  Varolii.  The  cerebellum  and  medulla  oblongata  are  seen  behind  and 
to  the  sides  in  both  fiarures. 


tAo. 


middle  cephalic  vesicle,  the  cavity  in  its  interior  is  quickly  filled  up.  with  the 
exception  of  the  nan-ow  passage  named  the  Sijlciau  aqueduct.    The  fillet  is  dis- 


Fig..  558. — Brain   and    Spinal    Cord    op  a  F(I!tus  of  four  Fig.  558 

MONTHS,  SEEN  FROM  BEHIND  (from  Kolliker). 

h,  hemispheres  of  the  cerebrum  ;  m,  corpora  quadrigemina 
or  mesencephalon  ;  t,  cerebellum  ;  m  o,  medulla  oblongata,  the 
fom'th  ventricle  being  overlapped  by  the  cerebellum  ;  s  s,  the 
spinal  cord  with  its  brachial  and  crural  enlargements. 

tinguishable  in  the  fourth  month.  The  corpora  quad- 
rigemina of  the  two  sides  are  not  marked  off  from 
each  other  by  a.  vertical  median  groove  until  about  the 
sixth  month  ;  and  the  transverse  depression  separating 
the  anterior  and  posterior  pairs  is  first  seen  about  the 
seventh  month  of  intra-uterine  life. 

Thalamenceplialon. — From  the  sides  of  this  vesicle, 
as  has  already  been  described,  the  optic  vesicles  are  formed, 
and  from  its  forepart  on  the  two  sides  the  vesicles  of 
the  cerebral  hemispheres  are  developed.  Reichert  fiorst 
pointed  out  that  there  is  left  between  the  IiemlsjjJiere- 
vesicles  of  opposite  sides  a  wedge-shaped  interval,  which 
forms  the  thhd  ventricle.  He  points  out  that  the 
terminal  extremity  (lamina  tenninalis)  of  the  cerebro- 
spinal tube  is  at  the  tip  of  this  wedge,  and  is  placed  im- 
m.ediately  in  front  of  the  optic  commissure,  at  the  lamina, 
cinerea  ;  and  that  therefore  the  infundibulum  is  not  that 
extremity,  as  had  been  previously  supposed  by  Baer,  but 
is  an  expansion  of  the  vesicle  downwards. 

The  formation  of  the  pituitary  body  has  aheady  been 
described.     The  infundibrLlum  of  the  thalamencephalon 

becomes  connected  with  it  superiorly,  and  seems  for  a  time  even  to  form  a  part 
of  it. 

The  jnneal  gland,  according  to  Baer,  is  developed  from  the  back  part  of  the 
thalami,  where  those  bodies  continue  joined  together  ;  but  it  is  suggested  by 
Bischoff  that  its  development  may  be  rather  connected  with  the  pia  mater.  It 
was  not  seen  by  Tiedemann  until  the  fourth  month  in  the  human  foetus  ;  subse- 
quently its  grovtdih  is  very  slow  :  and  it  at  first  contains  no  gritty  deposit :  this, 
however,  was  found  by  Sommeiiing  at  birth. 
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The  two  PjJtio  thalami,  f  oitned  from  the  posterior  and  outer  part  of  the  antenor 
vesicle,  consist  at  first  of  a  single  hollow  sac  of  nervous  matter,  the  cavity  of 
which  communicates  on  each  side  in  front  with  the  anterior  of  the  commencing 

Fig.  559. 


Fig.   559. — SEMrDIAGRAMMATIC  ViEWS    OF    THE  InNER  SuRFACE   OF  THE  RiGHT  CEREBRAli 

Hemisphere   of  the    Fcetal   Brain   at    various   stages   op  development    (from 
Sclimidt). 

1,  2,  and  3,  are  from  foetuses  of  the  respective  ages  of  eight,  ten,  and  sixteen  weeks  ; 
4,  from  a  foetus  of  six  months,  a,  lamina  terminaUs  or  part  of  the  first  primary  vesicle 
which  adheres  to  the  sella  turcica  ;  h,  section  of  the  cerebral  peduncle  as  it  passes  into 
the  thalamus  and  corpus  striatum  ;  the  arched  line  which  surrounds  this  bounds  the  great 
cerebral  fissure  ;  c,  anterior  part  of  the  fornix  and  the  septum  lucidum  ;  d,  inner  \i&rt 
of  the  arch  of  the  cerebrum,  afterwards  the  hippocampus  major  and  posterior  part  of 
the  fornix  ;  c,  corpus  callosum  very  short  in  3,  elongated  backwards  in  4  ;  in  4,  /,  the 
suijerior  marginal  convolution ;  /',  fronto-parietal  fissure  ;  g,  gyrus  fornicatus  ;  p',  the 
internal  vertical  fissure  descending  to  meet  the  fissure  of  the  hippocampus  ;  I,  olfactory 
bulb  ;  F,  P,  0,  T,  frontal,  parietal,  occipital  and  temporal  lobes. 

cerebral   hemispheres,  and   behind   with   that   of   the   middle  cephalic  vesicle 
(corpora  quadrigemina).     Soon,  however,  by  increased  deposit  taking  place  in 

Fig.  560.  B 


Fig.  560.  —  The  Surface  of  the  Fcetal  Brain  at  Six  Months  (from  E.  Wagner). 

This  figure  is  intended  to  show  the  commencement  of  the  formation  of  the  principal 
fissures  and  convolutions.  A,  from  above  ;  B,  from  the  left  side.  F,  frontal  lobe  ;  P, 
parietal  ;  0,  occi23ital  ;  T,  temporal  ;  a,  a,  a,  slight  appearance  of  the  several  fiontal 
convolutions  ;  s,  the  Sylvian  fissure  ;  s',  its  anterior  division  ;  within  it,  C,  the  central 
lobe  or  convolutions  of  the  island  ;  r,  fissure  of  Rolando  ;  p,  the  vertical  fissure  (external 
part). 
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tlieir  interior  beliind,  below,  and  at  the  sides,  tlie  thalami  become  solid,  and  at 
the  same  time  a  cleft  or  fissiirs  appears  between  them  above,  and  penetrates 
down  to  the  internal  cavity,  which  continues  open  at  the  back  part  opposite  the 
entrance  of  the  Sylvian  aqueduct.  This  cleft  or  fissure  is  the  tJiird  rentriclc. 
Behind,  the  two  thalami  continue  united  by  the  j^o-sfcr'ipr  cpmmi.s.^itre,  which  is 
distinofuishable  about  the  end  of  the  third  month,  and  also  by  the  j?^<=(^?/?;efes  (if 
the  jjincril  gland.  The  fioft  connnisxiire  probably  exists  from  an  early  period, 
although  it  could  not  be  detected  by  Tiedemann  until  the  ninth  month. 

At  an  early  period  the  oj)tic  tracts  may  be  recognised  as  hollow  prolongations 
from  the  outer  part  of  the  wall  of  the  thalami  while  they  are  still  vesicular.  At 
the  fourth  month  these  tracts  are  distinctly  formed.  They  subsequently  are  pro- 
longed backwards  into  connection  with  the  corpora  quadiigemina. 

Prosencephalon. — 'Each.  hcyniqjhiTC-i-csicle  hecomes  di-visible  into  two  parts: 
one  of  these  is  the  part  which  from  the  interior  appears  as  the  corpus  striatum, 
and  from  the  exterior  as  the  island  of  ReU,  or  central  lobe  ;  the  other  forms  the 
expanded  or  coA^ering  portion  of  the  hemisphere,  and  is  designated  by  Reichert 
the  mantle.  The  aperture  existing  at  the  consti'icted  neck  of  the  hemisphere- 
vesicle,  Schmidt  and  Reichert  have  recog-nised  as  the  foramen  of  Monro. 

The  corpora  striata,  it  will  be  obsei-ved,  have  a  different  origin  from  the  optic 
thalami ;  for,  while  the  latter  are  formed  by  thickening  of  the  cii'cumferential 
wall  of  a  part  of  the  iii'st  cerebral  vesicle,  and  thus  correspond  in  their  origin 
with  all  the  parts  of  the  encephalon  behind  them,  which  are  likewise  derived 
from  portions  of  the  cerebro-spinal  tube,  the  corpora  striata  appear  as  thicken- 
ings of  the  floor  of  the  hemisphere-vesicles,  which  are  lateral  ofE-shoots  from  the 
original  cerebro-spinal  tube.  On  this  account,  Reicherli  considers  the  brain 
primarily  divisible  into  the  stem,  which  comprises  the  whole  encephalon  forwards 
to  the  taenia  semicircularis,  and  the  hemisphere-vesicles,  which  include  the 
corpora  striata  and  hemispheres. 


Fig.  561. — ^ViEw  OF  THE  Inner  Fig.  £61. 

Surface  of  the  Right  Half 

OF  THE  FCETAL  BrAIN  OF  ABOUT 

SIX  MONTHS  (from  Reichert). 

F,  frontal  lobe  ;  P,  parietal  ; 
0,  occipital  ;  T,  temporal  ;  I, 
olfactoiy  bulb  ;  II,  right  optic 
nerve  ;  f  p,  fronto-parietal  fis- 
sure ;  p,  vertical  fissure  ;  ^/, 
internal  vertical  fissure  ;  h,  hip- 
pocampal  fissure ;  g,  gyrus  formi- 
catus  ;  c,  c,  corpiis  callosum  ; 
s,  septum  liicidum  ;  /,  placed 
between  the  middle  commissure 
and  the  foramen  of  Monro  ; 
V,  in  the  upper  part  of  the 
third  ventricle  immediately  be- 
low the  velum  interpositum  and 
fornix  ;  v',  in  the  back  part  of 

the  third  ventricle  below  the  pineal  gland,  and  pointing  by  a  line  to  the  aqueduct  of 
Sylvius  ;  v" ,  in  the  lower  part  of  the  third  ventricle  above  the  infundibulum  ;  r,  recessus 
pinealis  passing  backwards  from  the  tela  choroidea  ;  p  ^',pons  Varolii  ;  Cc,  cerebellum. 


The  cerebral  hemispheres  enlarging,  and  having  their  walls  increased  in 
thickness,  form,  dui-ing  the  fouilih  month  (Tiedemann),  two  smooth  shell-like 
lamellEe.  which  include  the  cavities  afterwards  named  the  lateral  ventricles,  and 
the  parts  contained  within  them.  Following  out  the  subsequent  changes  affect- 
ing the  exterior  of  the  cerebral  hemispheres,  it  is  found  that  about  the  foui1;h 
month  the  first  traces  of  some  of  the  cojivoliitions  appear,  the  intermediate  .mlci 
commencing  only  as  A^ery  slight  depressions  on  the  hitherto  smooth  surface. 
Though  the  hemispheres  continue  to  grow  quickly  upwards  and  backwards,  the 
coavolutions  at  first  become  distinct  by  comparatively  slow  degrees  ;  but  towards 
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the  seventh  and  eighth  months  they  are  developed  with  great  rapidity,  and  at 
the  beginning  of  tlie  last  month  of  intra-uterine  life,  all  the  jDrincipal  ones  are 
marked  out. 

The  Si/lcia)i  fssure,  which  afterwards  separates  the  anterior  from  the  middle 
lobe  of  each  hemisphere,  begins  as  a  depression  or  cleft  between  them  about  the 
fourth  month,  and,  after  the  great  longitudinal,  is  the  first  of  the  fissures  to 
make  its  appearance.  It  is  followed  by  the  fissure  of  Rolando,  and  the  vertical 
or  parieto-occipital  fissure,  and  somewhat  later  by  the  internal  fronto-parietal 
fissui'e.  After  this,  the  various  subordinate  fissures  dividing  the  convolutions 
gradually  make  their  appearance.  By  the  end  of  the  third  month  the  hemis- 
pheres have  extended  so  far  backwards  as  to  cover  the  thalami ;  at  the  fourth 
they  reach  the  corpora  quadrigemina  ;  at  the  sixth  they  cover  those  bodies  and 
great  part  of  the  cerebellum,  beyond  which  they  project  still  further  backwards 
by  the  end  of  the  seventh  month. 

During  the  growth  of  the  hemisphere  the  aj^erture  of  the  foramen  of  Monro 
is  extended  backwards  ;  the  arched  margin  of  this  opening  is  curved  downwards 
at  its  extremities,  and  fomas  anteriorly  the  fornix,  and  posteriorly  the  corpus 
fimbriatum  and  hippocampus  major  ;  above  the  margin  a  part  of  the  wall  of  each 
hemisphere  comes  into  contact  with  its  fellow,  and  in  the  lower  part  fonns  the 
septum  lucidum,  while  above  this  the  hemispheres  are  united  by  the  development 
of  the  great  commissure,  the  coi"pus  callosum. 

The  corjntti  callo.sitm  is  described  by  Tiedemann  as  being  first  seen  about  the 
end  of  the  thu'd  month,  as  a  narrow  A-ertical  band,  extending  across  between  the 
forepart  of  the  two  hemispheres,  and  subsequently  gi-owing  backwards.  With 
this  view  the  observations  of  Schmidt  coincide.  Reichert.  however,  maintains 
that  the  commissural  structure  seen  at  the  forepart  of  the  hemispheres  is  the 
anterior  white  commissure,  and  that  the  corpus  callosum  appears  in  its  whole 
extent  at  once. 

The  corpora  alhlcaMia  at  fia'st  form  a  single  mass  :  so  also  do  the  anterior 
pillars  of  the  fornix,  which  are  distinguished  before  the  posterior  pillars.  The 
■posterior  2} 'Mars  are  not  seen  until  the  fourth  or  fifth  month.  At  that  period  the 
Jiipjjocampus  mijior  is  also  discernible. 

DEVELOPMENT     OF     THE     NERVES. 

Spinal  Nerves. — Very  little  is  yet  known  as  to  the  mode  of  origin 
of  the  nerves.  In  their  peripheral  extension  the  great  majority  of  them 
seem  to  arise  more  immediately  from  mesoblastic  formative  elements, 
and  the  manner  in  which  this  takes  place  has  been  adverted  to  in  the 
Oeneral  Anatomy  at  p.  161.  The  ganglia  and  roots  of  the  spinal  nerves 
are  first  seen  to  make  their  appearance  in  some  very  close  association  with 
the  protovertebral  segments.  In  this  the  ganglion  comes  to  be  distin- 
guishable as  a  mass  by  itself,  and  the  anterior  and  posterior  roots-follow, 
with  their  junction  in  the  part  forming  the  nerve-trunk  beyond  the 
ganglion.  But  according  to  recent  observatious  by  Balfour  in  Elasmo- 
branch  fishes  (Scyllium  and  Torpedo),  it  would  appear  that  both  the 
anterior  and  posterior  roots  may  arise  in  these  animals  in  a  closer  con- 
nection with  the  nervous  centre  than  "was  previously  believed,  and  as 
independent  outgrowths  from  the  involuted  epiblast  of  the  neural 
canal.  The  posterior  roots  are  the  first  to  appear,  and  commence  by  an 
outgrowth  at  the  summit  (dorsal  median  groove)  of  the  neural  canal, 
and  gradually  pass  outwards  from  thence  to  reach  their  permanent 
place  of  origin  in  a  posterior  lateral  furrow.  A  subsequent  division  of 
the  nerve  rudiment  takes  place  into  root,  ganglion,  and  a  part  of  the 
nerve  beyond. 

The  anterior  roots  spring  by  an  outgrowth  from  the  antero-lateral 
angles  of  the  cord^,  one  for  each  muscular  plate  neariy  in  the  place 
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which  they  permanently  occupy,  and  after  they  have  attained  some  size 
they  unite  with  the  posterior  roots  beyond  the  ganglion. 

But  although  the  roots  of  the  nerves  may  thus  be  traced  in  their 
commencement  to  elements  of  epiblastic  nature,  it  is  probable  that 
their  sheaths  and  blood-vessels  arise  from  mesoblastic  tissue  introduced 
later  into  them.  The  ganglia  are  at  first  of  proportionally  very  large 
size,  causing  even  a  considerable  part  of  the  projections  on  the  sm'face 
of  the  body,  as  in  the  human  embryo  of  from  four  to  seven  weeks, 
which  are  usually  attributed  to  the  vertebrate  segmentation  (KoUiker). 
The  union  of  the  roots  with  the  grey  matter  soon  becomes  apparent, 
being  most  obvious  in  the  anterior  roots. 

The  nerves,  like  the  other  elementary  parts,  are  at  first  composed 
entirely  of  cells,  but  fibres  are  soon  formed  by  transformation  of  the 
cells.  On  the  sixth  day  in  the  chick,  Foster  and  Balfour  found  the 
fibres  developed,  but  were  unable  to  trace  them  into  connection  with 
the  ganglionic  cells,  but  at  a  later  period  the  connection  Avas  observed 
by  Lockhart  Clarke  to  be  formed. 

The  very  early  development  of  the  trunks  of  the  nerves  of  the  limbs, 
and  their  progress'  outwards  into  the  first  part  of  the  commencing  iimb, 
were  observed  and  figured  b}'  Remak. 

Cranial  Nerves. — The  optic  nerve  and  the  retina,  arise  from  epi- 
blast  by  an  extension  of  the  primary  medullary  wall  of  the  brain,  as 
already  described,  and  may  therefore,  in  some  sort,  be  regarded  as  an 
extension  of  the  brain  itself.  The  olfactory  tract  and  bulb  are  still 
more  to  be  looked  upon  as  constituent  parts  of  the  cerebrum  ;  but  the 
manner  in  which  the  peripheral  olfactory  nerves  which  pass  through  the 
cribriform  plate  into  the  nose  are  formed  has  not  been  yet  observed. 

Among  the  other  cranial  nerves  there  are  four  important  ones  of  which 
the  rudiments  are  seen  to  be  formed  at  an  early  period  ;  taking  their 
origin  as  has  been  supposed  in  the  mesoblastic  wall  of  the  cranial  cavity, 
and  extending  thence  into  the  facial  or  visceral  plates.  These  are  the  fifth 
pair  or  trifacial,  the  facial  or  portio  dura  of  the  seventh  pair,  the  glosso- 
pharyngeal and  the  pneumogastric  nerves.  The  two  first  of  these  are 
situated  in  front,  and  the  two  last  behind  the  otic  vesicle  and  tympano- 
eustachian  passage ;  and  according  to  Parker  each  of  these  nerves  forks 
or  divides  into  two  above  one  of  the  visceral  clefts.  Thus  the  fifth  pair 
gives  its  naso-maxillary  division  in  front,  and  its  infero-maxillary 
division  behind  the  oral  cleft ;  the  facial  gives  its  vidian  or  superior 
petrosal  before  and  its  descending  part  behind  the  tympano-eustachian 
passage ;  the  glosso-pharyngeal  has  its  lingual  and  pharyngeal  branches 
divided  by  the  first  branchial  cleft,  and  in  animals  the  pneumo-gastric 
is  similarly  divided  at  the  second  and  succeeding  clefts. 

The  third,  fourth  and  sixth  pairs  of  nerves  are  of  subordinate  import- 
ance, and  may  be  considered  as  related,  the  two  first  to  the  fifth  pair, 
and  the  last  to  the  facial  nerve.  Their  peripheral  parts  are  developed 
in  connection  with  the  muscles  of  the  eyeball,  but  the  mode  of  the 
formation  of  their  roots  in  connection  with  the  nervous  centres  has  not 
been  ascertained. 

The  hypoglossal  nerve,  although  it  passes  through  the  exoccipital 
bone  in  man,  may  be  compared  to  a  spinal  nerve,  and  probably  takes  its 
origin  much  in  the  same  manner, 

Tlie  Sympathetic  Nerves. — Remak  observed  the  development  of 
the  great  sympathetic  nerves  from  the  lateral  plates  in  loops  or  arches 
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connecting  them  with  the  spinal  nerves ;  while  the  great  sympathetic 
itself  consisted  at  first  of  a  chain  of  rounded  masses  representing  the 
ganglia,  connected  together,  but  so  closely  set  that  scarcely  any  inter- 
vening nervous  cord  was  at  first  perceptible.  He  also  olDserved  the 
separate  formation  in  the  mesentery  of  birds  of  the  large  visceral  nerve 
which  he  discovered  in  these  animals.  The  gangliated  cord  of  the 
sympathetic  has  been  described  and  figured  by  Kolliker  in  the  human 
foetus  of  eight  or  ten  lines  long.  The  peripheral  sympathetic  nerves 
are  also  formed  at  a  very  early  period,  and  are  perceptible  in  a  foetus 
of  three  months.  In  the  hinder  part  of  the  abdomen  their  origin 
appears  to  be  intimately  connected  in  some  way  with  the  formation  of 
the  suprarenal  bodies. 

DEVELOPMENT    OF     THE    EYE. 

The  embryonic  structures  forming  the  eyeball  and  its  contents  may 
be  considered  as  proceeding  from  three  sources,  viz.,  1st,  by  evolution 
or  expansion  from  the  medullary  wall  of  the  first  encephalic  vesicle 
(thalamencephalon),  giving  rise  to  the  retina,  in  its  nervous  and  pig- 
mental structure  and  optic  nerve ;  2nd,  by  involution  or  depression  and 
development  of  a  part  of  the  cuticular  epiblast,  forming  the  foundation 
of  the  lens  and  the  epithelium  of  the  conjunctiva ;  and  3rd,  by  the 
intrusion  of  mesoblastic  elements  between  and  around  the  other  parts, 
so  as  to  furnish  the  materials  out  of  which  are  formed  the  general 
coverings  of  the  eyeball,  cornea  and  sclerotic,  the  fibrous  and  vascular 
choroid,  the  ciliary  apparatus  and  iris,  the  capsule  of  the  lens  and 
the  capsulo-pupillary  membrane,  the  vitreous  humour,  and  all  the 
fibrous  and  vascular  parts  of  the  organ. 

The  very  early  formation  of  the  primary  optic  vesicles  by  the  expan- 
sion of  the  lower  and  anterior  parts  of  the  wall  of  the  anterior  primary 
encephalic  vesicle  has  already  been  described,  and  the  manner  in  which 
each  of  these  vesicles  forms  a  hollow  pediculated  chamber  communi- 
cating by  its  stalk  with  the  general  ventricular  cavity  of  the  primitive 
brain.  The  first  important  change  which  the  primary  optic  vesicles 
undergo  is  connected  with  the  depression  of  the  rudimentary  lens  from 
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Fig.  562. — Section  of  the  Head  through  the  Primitive 
Optic  Capsule  op  one  side  in  an  Ejibrto-Calf  of  9  mm. 
LONG,  magnified  (from  Julius  Arnold). 

To  the  riglit  is  seen  the  optic  capsule  with  its  contracted 
pedicle  and  its  outer  wall  depressed  by  the  thickening  of  the 
corneous  layer  which  forms  the  commencement  of  the  forma- 
tion of  the  lens.  The  optic  stalk  is  in  communication  with  the 
thalamencephalon.  Mesoblast  is  seen  between  the  optic  capsule 
ajid  the  lens  rudiment. 


without,  and  consists  in  a  doubling  back  or  in- 
wards of  the  medullary  wall  of  each  vesicle,  so  as 
to  form  a  depression  or  ciq)  at  its  lower  and 
anterior  part,  into  which  the  commencing  lens 
in  part  sinks.  This  depression  has  been  called  the 
secondary  optic  vesicle,  or  the  opfic  cup  (Foster  and 
Balfour).  From  a  very  early  period  the  outer  fold  of  this  cup  under- 
goes a  much  greater  thickening  by  the  rapid  development  of  its 
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cellular  constituents  than  the  inner  or  that  towards  the  brain,  and 
from  this,  as  well  as  the  increase  of  the  inward  folding,  the  original 
cavity  of  the  primary  optic  vesicle  becomes  in  a  great  measure 
obliterated  or  narrowed,  and  the  outer  and  inner  folds  are  closely 
approximated,  while  the  stalk  or  pedicle  becomes  proportionally  much 
diminished.  The  continued  increase  of  cellular  development  in  the 
outer  fold  of  this  cup  leads  to  the  formation  of  the  various  elements 
composing  the  retina  ;  while  in  the  thinner  inner  fold  only  pigment  cells 
are  formed.     The  transition  at  the  bend  from  the  thick  nervous  part  to 


Fig.  563. — Section  through  the  Eye  of  an  Em- 
bryo-Calf OF  TWELVE  MM.,  OR  HALF  AN  INCH, 
LONG,  MAGNIFIED  (from  JuHus  Arnold). 

The  lens  follicle  is  now  closed  in  and  detached 
from  the  corneous  layer,  and  its  cavity  contains  loose 
cells  which  are  the  remains  of  the  superficial  corneous 
cells.  The  optic  vesicle  or  capsule  is  now  completely 
doubled  back,  so  as  to  present  towards  the  lens  side 
the  secondaiy  ocular  capsule  or  cup ;  its  outer  wall 
now  much  thickened  by  the  commencement  of  the 
development  of  retina.  Mesoblastic  tissue  is  seen 
to  have  passed  in  from  the  periphery  between  the 
optic  capsule  and  the  lens,  as  well  as  in  front  of  the 
lens.  The  commencement  of  a  vascular  circle  is 
shown  round  the  exterior  of  the  ocular  capsule,  and 
extending  also  between  the  lens  follicle  and  the 
cuticle. 


Fiff.  563. 


the  thin  pigmental  part  is  quite  sudden,  and  as  soon  as  pigment  cells 
begin  to  be  developed,  a  very  marked  distinction  is  perceptible  between 
it  and  the  nervous  structure  of  the  retina.  These  cells  were  formerly 
regarded  as  a  part  of  the  choroid  membrane,  but  they  are  now  looked 
upon  as  belonging  rather  to  the  retina, — a  view  which  is  supported  by 
the  mode  of  develojDment  now  described. 

Fig.  56i. — Diagrammatic    Sketch   of   a 
Vertical        Longitudinal        Section 

THROUGH     the     EyEBALL     OF     A    HuMAN 

FffiTus    OF    FOUR   WEEKS    (after   KoUi- 
ker).     Jf2 

The  section  is  a  little  to  the  side  so  as  to 
avoid  passing  through  the  ocular  cleft,  c, 
the  cuticle,  where  it  becomes  later  the 
cornea  ;  I,  the  lens  ;  op,  optic  nerve 
formed  by  the  pedicle  of  the  primary  optic 
vesicle  ;  v  p,  primary  medullary  cavity  of 
the  optic  vesicle  ;  p,  the  pigment-layer  of 
the  outer  wall  ;  r,  the  inner  wall  form- 
ing the  retina  ;  v  s,  secondary  optic  vesicle 
containing  the  rudiment  of  the  vitreoias 
humour. 


The  fold  which  produces  the  optic  cup  proceeds  from  above  down- 
wards, and  when  the  lens  is  formed  it  seems  as  if  it  enclosed  the  lens 
but  left  for  a  time  an  aperture  or  depression  below.  This  is  the 
choroidal  fold  or  fissure,  which  may  easily  be  distinguished  in  the 
embryo-head  after  pigment  has  been  deposited,  fi'om  the  circumstance 
that  the  pigment  is  absent  from  the  cleft,  which  thus  appears  for  a 
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time  as  a  broad  white  line,  particularly  obvious  in  the  embryo  bird, 
running-  from  the  circumference  in  ujDon  the  lens. 

The  lens  is  developed  in  the  part  of  the  cuticle  opposite  to  the  -most 
projecting  part  of  the  primary  optic  vesicle,  or  at  the  ijlace  where 
this  vesicle  comes  in  contact  with  the  surface  of  the  head.  In  this 
situation  there  is  seen  from  a  very  early  period  a  thickening  of  the 
epiblast,  which  seems  to  reside  chiefly  in  its  deeper  layer  of  cells,  and 
in  birds  and  mammals  it  would  appear  that  an  actual  involution 
of  the  cuticle  takes  place,  so  that  first  an  open  follicle  and  next  an 
enclosed  ball  of  cuticle  is  formed.  Although,  however,  both  the 
corneous  and  the  deeper  layer  (sensory  of  Strieker)  of  the  cuticle  are 
enclosed,  it  is  only  the  cells  of  the  deeper  layer  which  undergo  de- 
velopment into  the  fibres  of  the  lens.  The  ball  of  the  lens  separating' 
from  the  external  cuticle,  Avhich  passes  freely  over  the  surface,  a  cavity 
filled  with  loose  cells,  the  remains  of  cells  of  the  corneous  layer,  exists 
for  a  time  within  the  lens  ball.  Then  the  cells  of  the  hinder  or  inner 
wall  are  seen  to  rise  from  the  bottom  by  their  elongation,  and  thus 
a  rapid  growth  of  fibres  from  that  side  of  the  ball  takes  place,  while 
the  anterior  or  outer  wall  undergoes  no  similar  change,  but  retains  its 
simply  cellular  structure.  Figures  565,  and  566,  show  sufficiently 
clearly  the  manner  in  which  the  fibres  thus  developed  from  cells  rise 
from  the  bottom  of  the  lens  ball  and  come  to  constitute  the  solid  part 
of  the  lens. 

The  optic  cup  receives  the  enlarging  lens  in  its  anterior  and  lower 
opening,  and  the  reflected  margins  of  the  cup  closely  embrace  the 
margin  of  the  lens  ;  but  there  is  a  considerable  space  intervening 
between  the  lens  and  the  hollow  of  the  optic  cup  (or  secondary  ocular 
vesicle),  which  comes  to  be  occupied  by  the  vitreous  humour.  Into  this 
space  connective  tissue  and  blood-vessels  developed  from  mesoblastic 
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Fig.  565. — Section  of  the  Eye  in  an  EjiBuro-CjiLF 
OP  IS  MM.  LONG,  MAGNIFIED  (from  Julius  Amold). 

The  posterior  or  inner  wall  of  the  lens  follicle  is  now 
much  thickened  by  the  elongation  of  its  fibres,  each 
of  which  presents  a  nucleus,  and  the  whole  causing  a 
bulging  of  the  posterior  wall.  The  outer  layer  of  the 
lens  capsule  consists  of  columnar  cells.  The  cavity  of 
the  lens  follicle  is  still  visible,  but  is  now  widened 
and  flattened.  Two  layers  of  mesoblastic  tissue  are 
now  visible  between  the  lens  and  the  cuticle,  viz. ,  a 
deeper  vascular  laj^er  and  a  superficial  non-vascular 
one  containing  nuclei.  The  secondary  optic  capsule  is 
now  occupied  by  connective  tissue  nuclei  and  numerous 
blood-vessels.  The  retinal  section  of  the  pirimitive 
ocular  vesicle  is  now  thicker.  Pigment  begins  to  ap- 
pear in  the  choroidal  section,  and  numerous  blood- 
vessels surround  the  whole  exterior. 


elements  are   projected  from  below,  so  as 

I  to  furnish  the  materials  for  the  formation 

,|t/  of  the  vitreous  humour  and  the  blood-vessels 

^■>'W  which  pass  through  it  to  the  lens,  and  also 

to    surround   the   lens  with  vascular   and 

fibrous  elements,  out  of  which  are  produced  the  capsulo-^Mpillarij  meni- 

ircme,  and  probably  also  the  capsule  of  the  lens.     It  results  from  the 
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observations  of  Lieberkiihii  that  in  mammals  the  fold  which  produces 
the  ocular  cup  or  secondary  vesicle  runs  back  into  the  stalk  so  as  to 
fold  in  the  optic  nerve  for  a  considerable  space,  and  by  the  simul- 
taneous intrusion  of  mesoblastic  tissue,  thus  to  lead  to  the  introduction 
of  the  central  blood-vessels  of  the  retina  within  the  nerve.  But  in 
birds,,  according  to  the  same  observer,  no  such  infolding  of  the  stalk 
occurs,  so  that  in  them  the  vessels  are  excluded  from  the  nerve.  The 
malformation  termed  coloboma  iridis  is  to  be  attributed  to  a  persistence 
of  the  choroidal  cleft  or  fold,  and  the  pecten  of  birds,  close  to  the  optic 
nerve,  with  the  vascular  fold  farther  forwards,  and  the  falciform  fold  of 
the  eyes  of  fishes  are  to  be  regarded  as  fibro-vascular  structures  formed 
by  original  projection  through  the  same  fold. 

The  further  development  of  the  parts  of  the  eye  may  be  briefly 
stated  as  follows  : — 

The  expansion  of  the  ocular  cup  continuing  to  proceed,  the  chamber 
for  the  vitreous  humour  enlarges,  and  that  structure  gradually  comes 
to  occupy  its  space  between  the  retina  and  the  lens. 

The  marked  distinction  between  the  nervous  and  the  pigmental 
portions  of  the  primitive  ocular  vesicle  goes  on  increasing  by  the  con- 
tinued deposit  of  pigment  in  the  latter,  and  its  proportional  thinning, 
and  by  the  great  addition  to  the  thickness  and  the  textural  difFerentia- 
tion  of  the  substance  of  the  former.  Thus  the  cells  in  the  retinal  or 
nervous  portion,  by  their  rapid  multiplication,  soon  become  several 
layers  thick  ;  certain  parts  of  these  cells  assume  the  spindle  shape,  and 
exhibit  elongation  into  fibres,  while  others  retain  the  nuclear  form,  and 
thus  there  is  foreshadowed  the  division  into  the  fibrous,  ganglionic,  and 
nuclear  layers  of  the  retina.      On  the  exterior  a  limiting  membrane 


Fig.  566. — Section  op  the  ErE  of 
AN  Embrto-Calf  of  30  am.  long, 
MAGNIFIED  (from  Juliiis  Arnold). 

The  cayity  of  the  lens  is  miicli 
reduced  in  size  from  the  increased 
development  of  fibres  from  behind. 
The  intersection  space  begins  to  be 
formed  iDosteriorly,  and  the  zone  of 
nuclei  is  thrown  forward.  The  cornea 
is  now  formed,  covered  externally  by 
the  cuticular  epithelium,  and  with  the 
separation  of  the  aqueous  chamber  in- 
ternally. Close  to  the  lens  is  the 
capsulo-pupillary  membrane,  which  is 
continuous  with  the  vascular  structure 
occupying  the  secondary  ocular  capsule 
or  cavity  for  the  vitreous  humour,  and 
with  the  choroid  membrane  round  the 
margin  of  the  ocular  capsule,  where 
iris  and  ciliary  processes  will  afterwards 
be  formed.  The  layer  of  pigment  is 
now  more  developed,  and  the  tissue  of 
the  sclerotic  is  begun  to  be  formed. 
The  eyelids  are  beginning  to  project  as 
folds  of  the  skin. 


Fiff.  566. 


makes  its  appearance,  and  in  connexion  with  it  the  rudiments  of  the 
cells  composing  the  layer  of  rods  and  cones.    The  space  between  the 
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retinal  and  pigmental  layers  rapidly  contracts,  and  finally  the  rods  and 
cones  are  closely  united  with  the  layer  of  pigment  cells. 

The  optic  nerve,  as  already  described,  is  at  first  connected  by  its 
origin  with  the  vesicle  of  the  third  ventricle  or  thalamencephalon,  and 
for  a  time  it  retains  its  original  hollow  form.  But  as  the  cerebral 
hemispheres  are  developed  forwards,  the  eye  and  the  optic  nerve  are 
thrown  backwards  and  downwards,  and  a  new  connection  is  established 
between  the  optic  nerve  (or  tract)  and  the  vesicle  of  the  midbrain 
(mesencephalon)  :  the  rudiment  of  the  optic  commissure  is  at  the 
same  time  formed  by  the  median  approximation  of  the  stalks  and  the 
growth  of  one  over  the  other.  Each  stalk  then  becomes  more  and  more 
solid  by  the  development  of  nerve  fibres  along  with  the  intruded 
connective  tissue  which  forms  the  sheath  substance  of  the  nerve. 

Lens. — The  development  of  fibres  from  the  hinder  wall  of  the 
primitive  lens-follicle  continuing  to  take  place,  the  cavity  of  the 
follicle  is  first  greatly  narrowed  and  then  completely  filled  up  by  the 
lengthening  fibres,  and  the  lens  takes  more  and  more  of  its  full 
spherical  shape.  The  new  fibres  continue  to  be  formed  towards  the 
margin  of  the  lens ;  each  fibre  retaining  its  nucleus,  so  as  to  produce 
the  nuclear  zone  which  runs  through  the  whole  lens.  This  zone 
is  at  first  situated  far  back  in  the  lens  Avhile  the  fibres  are  still 
short,  but  as  they  elongate,  its  place  is  advanced,  so  that  it  comes  to 
be  situated  considerably  in  front  of  the  equatorial  plane  of  the  lens. 
It  is  most  distinct  towards  the  margin  where  the  fibres  are  newly 
formed.  The  anterior  wall  of  the  lens-follicle  remains  as  a  simple 
cellular  layer.  The  greater  number  of  the  fibres  now  follow  the  general 
curve  of  the  surface  of  the  lens,  presenting  therefore  their  concavity 
towards  its  centre,  but  the-  curvature  gradually  diminishing  in  those 
nearest  the  middle,  where  they  are  straight  or  nearly  so.  Only  the 
external  short  and  recently  formed  fibres  present  a  concavity  towards 
the  exterior.  The  intersecting  stars  of  the  anterior  and  posterior  poles 
of  the  lens  now  make  their  appearance  by  the  collection  of  cells  in  the 
peculiarly  shaped  triradiate  space  in  these  two  situations,  and  the 
ends  of  the  fibres  are  now  traceable  to  the  edges  of  these  spaces,  so  that 
the  fibres  gradually  take  the  arrangement  round  the  poles  of  the  lens 
which  belongs  to  the  adult. 

Fig.  567.  Fig.  567. — Transverse  Vertical  Section  of  the 

Eyeball  op  a  Human  Embryo  of  four  weeks 
(from  Kolliker).      '"" 

The  anterior  half  of  the  section  is  represented, 
pr,  the  remains  of  the  cavity  of  the  primary  optie 
vesicle  ;  p,  the  inilected  part  of  the  outer  layer,  form- 
ing the  retinal  pigment  ;  r,  the  thickened  innei' 
part  giving  rise  to  the  columnar  and  other  struc- 
tures of  the  retina  ;  v,  the  commencing  vitreous 
humour  within  the  secondary  optic  vesicle  ;  v',  the 
ocular  cleft  through  which  the  loop  of  the  central 
blood-vessel,  a,  projects  from  below  ;  I,  the  lens 
with  a  central  cavity. 

The  capsule  of  the  lens,  according  to  Lieberkiihn's  and  Juhus  Arnold's 
most  recent  observations,  owes  its  origin  to  the  thin  innermost  pellicle 
of  mesoblast  which  is  introduced  at  an  early  period  of  development 
between  the  lens  and  the  secondarj'  ocular  vesicle. 
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Cornea. — There  is  at  first  no  aqueous  chamber  in  the  eye,  and  even 
after  the  solution  of  continuity  which  gives  rise  to  this  space  has  oc- 
curred, the  cavity  is  not  dilated  with  fluid,  till  near  the  time  of  birth. 
Even  then  it  is  very  shallow  and  the  lens  is  placed  very  near  to  the 
cornea.  The  formation  of  the  cornea  is  due  to  a  differentiation  of  the 
tissue  in  the  layer  of  mesoblast  which  is  introduced  from  the  neigh- 
bouring wall  of  the  head,  between  the  primitive  lens-follicle  and  the 
corneous  epiblast,  the  cavity  of  the  aqueous  humour  arising  by  the 
separation  of  the  corneous  part  from  a  layer  of  the  mesoblastic  tissue 
lying  within  it.  The  latter  gives  rise  to  the  anterior  part  of  the 
vascular  capsulo-pupillary  membrane,  while  a  still  deeper  lamina  closely 
embracing  the  lens,  remaining  non-vascular,  is  converted  into  the  lens 
capsule.  Along  with  the  latter  is  also  formed  the  suspensory  ligament 
of  the  lens. 

Vitreous  humour. — The  enlargement  of  the  space  for  the  vitreous 
humour  progressing,  the  cells  of  the  mesoblast  which  form  its  foundation 
become  stellated  and  very  sparse  from  the  effusion  of  a  large  quantity 
of  fluid,  and  the  hyaloid  membrane  surrounding  this  structure  takes  its 
origin  from  the  same  mesoblastic  elements. 

Choroid  and  other  membranes. — The  mesoblastic  substance  which 
surrounds  the  ocular  vesicle  externally  is  the  source  of  a  number  of 


Fig.  568. 


Fig.  568. — Blood-tessels  op  the  Cap- 

SULO-PUPILLARY       MEMBRANE       OF       A 

New-born  Kitten,   magnified   (from 
Kolliker). 

The  drawing  is  taken  from  a  prepara- 
tion injected  by  Tiersch,  and  sliows  in 
the  central  part  the  convergence  of  the 
net-work  of  vessels  in  the  pupillaiy 
membrane. 


important  parts.  Among  these 
may  be  mentioned  first  the 
choroid  membrane,  the  cellular 
(membrana  fusca),  fibrous,  and 
vascular  layers  of  which  are  de- 
veloped out  of  the  deeper  divi- 
sion of  the  mesoblastic  sub- 
stance, and  to  the  same  source 
may  be  traced  in  a  later  stage  of 

development  the  ciliary  processes,  ciliary  muscle  and  iris  ;  while  the 
zonula  ciliaris  may  be  regarded  as  a  part  of  the  deeper  mesoblastic  tissue 
connected  with  the  formation  of  the  hyaloid  membrane  and  membrana 
capsulo-pupillaris.  The  folds  of  the  ciliary  processes  gradually  in- 
creasing, encroach  upon  the  space  outside  the  margin  of  the  lens  and 
indent  the  zonula  ciliaris  and  canal  of  Petit. 

The  sclerotic  coat  is  due  to  a  process  of  differentiation  occurring  in 
the  outer  layer  of  the  enveloping  mesoblastic  tissue,  which  occurs 
considerably  later  than  those  which  bring  the  choroid  and  the  cornea 
into  existence,  but  there  is  from  the  first  continuity  between  the  corneal 
tissue  and  that  of  the  sclerotic  coat. 

The  capsulo-pupillary  membrane,  already  referred  to,  may  be  looked  upon 
as  at  first  a  complete  fibro-vascular  investment  of  the  lens,  which  owes  its  origin 
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to  the  deepest  part  of  the  intruded  mesoblast.  The  vessels  of  this  membrane  are 
supplied  by  a  branch  of  the  central  artery  of  the  retina,  which  passes  forwards  in 
the  axis  of  the  globe,  and  breaks  xip  at  the  back  of  the  lens  into  a  brush  of  rapidly 
subdividing  twigs.  The  forepart  of  this  tunic,  adherent  to  the  pupillaiy  margin 
of  the  iris,  forms  the  inqril'lar]!  memhrane  by  which  the  aperture  of  the  pupil  is 
closed  in  the  middle  periods  of  foetal  life.  In  the  human  subject,  the  whole  tunic, 
together  with  the  artery  which  supplies  it,  becomes  atrophied,  and  is  lost  sight 
of  before  birth,  but  in  some  animals  it  remains  apparent  for  a  few  days  after 
birth.  According  to  KoUiker,  the  anterior  chamber  expands  only  a  short  time 
before  birth  by  the  intervention  of  the  aqueous  humour  between  the  iris  and 
cornea.. 

The  eyelids  make  their  appearance  as  folds  of  integument,  subsequently  to  the 
formation  of  the  globe.  When  they  have  met  together  in  front  of  the  eye,  their 
edges  become  closely  glued  together  ;  and  they  again  open  before  birth. 

The  lachrymal  canal  may  be  regarded  as  a  persistently  open  part  of  the  fissure 
between  the  lateral  frontal  process  and  maxillary  lobe  of  the  embryo. 

The  first  discovery  of  the  mode  of  development  of  the  eye  as  it  is  now  generally 
imderstood  was  made  by  Huschke  in  1832,  and  was  published  in  Meckel's  Archiv 
for  that  year.  In  addition  to  the  various  systematic  works  on  Development 
previously  quoted,  the  reader  is  refeiTed  to  the  following,  viz.,  Lieberkiihn,  Uber 
das  Auge  des  Wii-belthier-emiryo,  1872  ;  and  Julius  Arnold,  Beitrage  zur  Entwick. 
des  Auges,  Heidelberg,  1874. 
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The  first  origin  of  the  organ  of  hearing  as  an  involuted  follicle  from 
the  superficial  epiblast  of  the  head,  constituting  the  primary  auditory 


Fig.  569. 


Fig.  569. — OuTLirrEs  showiko  the  Fokmation  of  the  External  Ear  in  the  Fchtus. 

A,  head  and  upper  part  of  the  body  of  a  human  foetus  of  about  four  weeks  (from 
nature).  «'  Four  branchial  plates  (the  first,  forming  the  lower  jaw,  is  marked  1),  and 
four  clefts  are  shown  ;  the  auditory  vesicle  (a),  though  closed,  is  visible  from  the  tran- 
£2Darency  of  the  parts,  and  is  placed  beliind  the  second  branchial  plate. 

B,  the  same  parts  in  a  human  fcetus  of  about  six  weeks  (from  Ecker).  \  The  third 
end  fourth  plates  have  nearly  disappeared,  and  the  third  and  fourth  clefts  are  closed  ; 
the  second  is  nearly  closed  ;  but  the  first  (1')  is  somewhat  widened  posteriorly  in  con- 
nection with  the  formation  of  the  meatus  externus. 

C,  human  fcetus  of  aboiit  nine  weeks  (from  nature).  \  The  first  branchial  cleft  is 
more  dilated,  and  has  altered  its  form  along  with  the  integument  behind  it  in  connection 
with  the  formation  of  the  meatus  externus  and  the  auricle. 


or  otic  vesicles,  has  already  been  shortly  described.     From  numerons 
observations  there  is  now  no  doubt  that  both  in  birds  and  mammals 
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Kg.  570. — Teansteese  and  slightly  Oblique  Section  of  the  Head  of  a  Fcetal 
Sheep,  in  the  Region  of  the  Hijs'd  Brain  (from  Foster  and  Balfour  after 
Boettclier). 

HB,  inner  surface  of  the  thickened  walls  of  the  hind  braiu  ;  RL,  recessus  vestibnJi  ; 
VB,  commencing  vertical  semicircular  canal ;  CC,  canalis  cochlea?,  with  the  cavity  of  the 
primitive  otic  vesicle.  On  the  left  side  parts  only  of  these  structures  are  seen  ;  GO, 
cochlear  ganglion  of  the  right  side  ;  on  the  left  side,  G',  the  ganglion,  and  IT,  the 
auditory  nerve  connected  with  the  hind  brain. 

the  otic  vesicle  forms  at  first  for  a  time  a  follicle  open  to  the  surface, 
and  that  it  has  therefore  no  original  connection  with  the  nervous 
centre.  Its  position  is  at  the  side  of  the  medulla  oblongata,  and  in  a 
place  opposite  to  the  interval  between  the  first  and  second  postoral 
visceral  arches.     The  outer  opening  of  the  follicle  very  soon  contracts 


Fig.  571. 


Fig.  571. — Labyrinth    of    the    Human    Fcetus    of 
FODE,  WEEKS,  MAGNIFIED  (from  KoUiker). 

A,  from  behind  ;  B,  from  before  ;  v,  the  vestibule  ; 
rv,  recessus  vestibuli,  giving  rise  later  to  the  aqueduct ; 
cs,  commencement  of  the  semicircular  canals  ;  a,  upper 
dilatation,  belonging  perhaps  to  another  semicircular 
canal  ;  c,  cochlea. 


and  becomes  entirely  closed.     The  follicle 

sinks  down  towards  the  basis  of  the  cranium, 

and  becomes   imbedded    in  the    formative 

mesoblastic  tissue  lying  between  the  basi- 

occipital   and    alisphenoid    matrices,  undergoing   chondrification   and 

ossification  at  a  very  early  period,  as  has  been  already  described  under 

the  development  of  the  head. 

There  are  therefore  to  be  distinguished  from  an  early  period  a  part 
corresponding  to  the  internal  membranous  labyrinth  proceeding  from 
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Fig.  572. — Transverse  Section  of  the  Head  op  a  Fcetal  Sheep  of  four-fifths  of 
AN  INCH  IN  LENGTH  (from  Foster  and  Balfour  after  Boettclier). 
RV,   recessus   vestibuli  ;   YB,   vertical   semicircular  canal ;   CC,  cochlear   canal ;  Gr, 
cochlear  ganglion  ;  HB,  horizontal  canal. 


Fig.  573. 


Fig.  573. — Transverse  Section  of 
THE  Cochlea  in  a  Postal  Calf, 
MAGNIFIED  (from  Kollikcr). 

C,  the  wall  of  the  cochlea,  still 
cartilaginous  ;  c  c,  canalis  cochleas  ; 
I  s,  placed  in  the  tissue  occupying  the 
place  of  the  scala  vestibuli,  indicates 
the  lamina  spiralis  ;  n,  the  central 
cochlear  nerve ;  ff,  the  jAsLce  of  the 
spiral  ganglion  ;  S,  the  body  of  the 
sphenoid  •  cA,  remains  of  chorda  dor- 
salis. 


the  epiblast,  and  an  outer  car- 
tilaginous or  bony  and  fibrous 
wall,  together  with  other  ad- 
ventitious  structures    arising 
in  the  mesoblast. 
Labyrinth. — In  the  development  of  the  primary  otic  vesicle  after 
it  becomes  completely  closed,  a  series  of  very  remarkable  changes  by 
extension  of  its  cavity  in  different  directions  gives  rise  to  the  formation 
of  the  different  parts  of  the  labyrinth.     The  first  complication  which 
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the  vesicle  exhibits  is  by  the  extension  of  a  process  upwards  arid 
backwards,  which  remains  permanent  in  the  lower  vertebrata,  but  in 
mammals  is  obliterated,  its  vestiges  remaining  in  the  aqueduct  of  the 
vestibule.  The  semicircular  canals  next  appear  as  elongated  elevations 
of  the  surface  of  the  primary  vesicle  :  the  middle  portion  of  each  ele- 
vation becomes  separated  from  the  rest  of  the  vesicle  by  bending  in  of 


Fig.  574. 


Fig.  574. — Views  of  the 
Cartilage  of  Meckel 
and  parts  connected 
■WITH  THE  First  and 
Second  Branchial 
Plates. 


A  (after  Kolliker),  head 
of  a  fcsetus  of  about  eigh- 
teen weeks,  showing  the 
cartilage  of  Meckel  in  con- 
nection with  the  malleus 
and  the  surrounding  parts. 

M,  placed  upon  the 
lower  jaw  indicates  the 
cartilage  of  Meckel  of  the 
light  side. 

B  (from  nature).  An 
enlarged  sketch  explana- 
tory of  the  above  view  ;  z, 
the  zygomatic  arch  ;  ma, 
the  mastoid  process  ;  mi, 
portions  of  the  lower  jaw 
of  which  the  parts  near 
the  angle  and  the  sym- 
physis have  been  removed  ; 
M,  the  cartilage  of  Meckel 
of  the  right  side  ;  M',  a 
small  part  of  that  of  the 
left  side,  joining  the  left 
cartilage  at  s,  the  symphy- 
sis ;  T,  the  tympanic  ring ; 
on,  the  malleus  ;  i,  the  in- 
cus ;  s,  the  stapes ;  sta,  the 
stapedius  muscle  ;  st,  the 
styloid  process ;  p ,  h,  g,  the 
stylo-  pharyngeus,  stylo- 
hyoid, and  stylo-glossus 
muscles  ;  stl,  stylo-hyoid 
ligament  attached  to  the 
lesser  comii  of  the  hyoid 
bone  ;  hy,  the  hyoid  bone  ; 
th,  thyroid  cartilage. 


its  walls  under  it,  and  thus  the  elevation  is  converted  into  a  tube  open  at 
€ach  end,  which  subsequently  becomes  elongated  and  acquires  an  ampullar 
dilatation.  The  cartilage  which  forms  the  osseous  labyrinth  is  con- 
tinuous with  that  of  the  rest  of  the  primordial  cranium.  The  car- 
tilaginous walls  of  the  cavity  are  united  by  connective  tissue  to  the 
vesicle  ;  this  connective  tissue,  according  to  Kolliker,  becomes  divided 
into  three  layers,  of  which  the  outer  forms  the  lining  periosteum,  the 
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inner  forms  the  external  walls  of  the  membranous  labyrinth,  while  the 
intervening  layer  swells  np  into  gelatinous  tissue,  the  meshes  of  which 
become  wider  and  wider,  till  at  last  the  space  is  left  which  ultimately 
contains  the  perilymph. 

The  cochlea  appears  at  first  as  a  prolongation  downwards  from  the 
auditory  vesicle,  but  afterwards  becomes  tilted  forwards.  This  pro- 
longation of  the  auditory  vesicle  is  the  rudimentary  canalis  mem- 
branacea.  Close  to  it  is  placed  the  cochlear  nerve,  with  a  gangliform 
extremity.  The  canal  becomes  elongated  in  a  spiral  direction,  and  the 
ganglion,  which  is  elongated  with  it,  becomes  the  ganglion  spirale. 
Between  the  canal  and  the  cartilaginous  wall  Avhich  afterwards  sur- 
rounds it  a  large  amount  of  connective  tissue  intervenes,  and  in  this 
tissue  the  cavities  of  the  scala  vestibuli  and  scala  tympani  gradually 
appear  at  a  later  period,  precisely  as  does  the  space  for  the  perilymph, 
in  the  vestibule.  The  modiolus  and  spiral  lamina,  according  to  Kol- 
liker,  are  ossified  without  intervention  of  cartilage.  Within  the  canalis 
membranacea  Kolliker  finds  in  the  embryo  a  continuous  epithelial 
lining,  thin  on  the  membrane  of  Reissner  and  on  the  outer  wall, 
but  forming  a  thick  elevation  in  the  position  of  the  rods  of  Corti, 
and  a  larger  elevation  more  internally,  filling  up  the  sulcus  spiralis. 
On  the  surface  of  this  latter  elevation  he  has  observed  a  transparent 
body,  the  membrane  of  Corti, 

The  auditory  nerve  is  said  to  be  developed,  separately  from,  both  the  brain  and 
the  labyrinth,  in  the  intermediate  mesoblastic  wall  of  the  head ;  the  canal  termed, 
meatus  auditorius  internus  being  left  in  the  bones  round  it  and  the  facial  nerve. 
The  auditory  nerve  becomes  secondarily  connected  with  the  medulla  oblongata. 
in  a  manner  not  yet  ascertained,  and  its  fibres  are  extended  into  relation  with 
the  delicate  terminal  structiu-es  formed  in  the  membranous  labyrinth. 

Middle  and  External  Cavities  of  the  Ear, — It  has  been  already  explained 
that  the  external  meatus,  the  tympanic  cavity,  and  the  Eustachian  tube,  are 
formed  in  the  iDOsterior  or  upper  part  of  the  first  postoral  visceral  cleft,  which 
remains  permanently  open  as  the  tympano-eustachian  passage,  except  at  the  place 
where  it  is  interrupted  by  the  formation  of  the  membrana  tympani ;  and  also 
that  the  malleus  is  formed  in  the  first  visceral  plate  from  the  proximal  part  of 
Meckel's  cartilage,  and  the  incus,  stapes,  and  stapedius  muscle  and  the  styloid 
process  probably  in  the  second  plate.  It  is  pointed  out  by  Kolliker  that  diuing 
the  whole  period  of  festal  life  the  tympanic  cavity  is  occupied  by  connective 
tissue,  in  which  the  ossicles  are  imbedded  ;  and  that  only  after  respiration  has. 
been  established  this  tissue  recedes  before  an  expansion  of  the  mucous  membrane. 

The  pinna  is  gradually  developed  on  the  posterior  margin  of  the  first  visceral 
cleft.  It  is  deserving  of  notice  that  congenital  malformation  of  the  external 
ear,  with  occlusion  of  the  meatus  and  greater  or  less  imperfection  of  the  tympanic 
apparatus,  are  observed  in  connection  with  abnormal  develo^jment  of  the  deeper 
pai-ts  of  the  first  and  second  visceral  plates  and  the  intermediate  cleft ;  while 
cases  have  been  observed  of  the  persistence  in  the  neck  of  the  adult  of  one  or 
more  of  the  branchial  clefts  situated  behind  the  first.  (Allen  Thomson,  Proceed. 
Eoy.  Soc.  of  Edin.  184-1,  and  Edin.  Joum.  of  Med.  Sc.  1847.) 

DEVELOPMENT    OF    THE    NOSE. 

The  organ  of  smelling,  as  was  first  pointed  out  by  V.  Baer,  owes  its 
origin,  like  the  primary  auditory  vesicle  and  the  crystalline  lens  of  the 
eye,  to  a  depression  of  the  integument,  or  what  may  be  more  precisely 
designated  as  epiblast.  This  depression,  the  primary  olfactory  groove, 
is  at  first  encircled  by  a  uniform  wall,  and  is  unconnected  with  the 
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mouth.  This  stage  has  been  observed  by  Kolliker  in  the  human  embryo 
of  four  weeks.  The  olfactory  groove  is  enclosed  in  the  anterior  ex- 
tremity of  the  nasal  cartilages  prolonged  forward  from  the  trabeculge 
cranii_  (Parker).  Soon,  however,  by  the  unequal  growth  of  the  sur- 
rounding parts,  the  groove  so  formed,  descending  "from  above,  passes 
into  the  mouth.  Thus  the  middle  frontal  process  is  isolated  between 
the  grooves  of  opposite  sides,  while  the  lateral  frontal  process  separates 
the  nostril  from  the  eye.  The  maxillary  lobes,  growing  forwards  from 
behind  the  eyes,  complete  the  boundaries  of  the  nostrils,  which  then 
open  into  the  fore  part  of  the  mouth.  Kolliker  observed  this  stage  in 
the  latter  half  of  the  second  month.  The  palate  subsequently  grows 
inwards  to  the  middle  line,  as  has  been  elsewhere  stated,  and  separates 
the  nasal  from  the  buccal  cavity  ;  leaving  only  the  small  communication 
■of  the  incisor  foramen.    Meanwhile,  -with  the  growth  of  the  face,  the 


Fig.  575. — Views  op  the  Head  of  Human  Ejibrtoes,  iLLtrsTKAiiNO  the  Developmeni* 

OF  THE  Nose. 

A,  Head  of  an  embryo  of  three  weeks  (from  Ecker).  ^^  1,  anterior  cerebral  vesicle  ; 
2,  middle  vesicle  ;  3,  nasal  or  middle  frontal  process  ;  4,  superior  maxillary  process  ;  5, 
eye  ;  6,  inferior  maxillary  process  or  first  visceral  plate,  and  beioAv  it  tlie  iirst  cleft ;  7, 
8,  and  9,  second,  third,  and  fourth  plates  and  clefts. 

B,  Head  of  an  embryo  of  about  five  weeks  (from  Ecker).     \<* 

1,  2,  3,  and  5,  the  same  parts  as  in  A  ;  4,  the  external  nasal  or  lateral  frontal  process, 
inside  which  is  the  nasal  groove  ;  6,  the  superior  maxillary  process  ;  7,  the  inferior 
maxilla  ;  x  ,  the  tongue  seen  within  the  mouth  ;  8,  the  first  visceral  cleft  which  becomes 
the  outer  part  of  the  meatus  auditorius  externus  and  tympano-eustachian  passage. 

C,  View  of  the  head  of  an  embryo  of  eight  weeks  seen  from  below,  the  lower  jaw  having 
been  removed  (from  Kolliker).     \ 

n,  the  external  nasal  apertures  ;  i,  premaxillary  or  incisor  process,  and  to  the  outer 
side  of  this  the  internal  nasal  aperture  ;  m,  one  of  the  palatal  processes  of  the  upper  jaw, 
which,  advancing  inwards  from  the  sides,  form  the  partition  between  the  mouth  and  nose  ; 
p,  common  cavity  of  the  nose,  mouth,  and  pharynx. 

nasal  fossse  deepen,  and  the  turbinated  bones  make  their  appearance  as 
processes  from  their  walls.  The  ethmo-turbinal  cartilages  are  at  first 
simple,  but  rapidly  extend  themselves  to  take  the  more  or  less  complex 
shape  which  they  present  in  different  animals  or  in  man. 


Observations  are  still  wanting  to  determine  whether  the  olfactory  nerves  are 
developed  from  the  bulbs,  and  have  thus  a  cerebral  origin,  or  are  separately 
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formed  from  peripheral  blastema  like  all  other  nerves,  with  the  exception  of  the 
optic. 

DEVELOPMENT  OF  THE  ALIMENTAEY  CANAL  AND  ORGANS  AEISING 
EKOM  THE  HYPOBLAST. 

The  whole  alimentary  canal,  from  the  fauces  to  the  anus,  together 
with  the  rudiments  of  certain  organs  associated  with  it  in  their  com- 
mencement, viz.,  the  thyroid  gland,  lungs,  trachea  and  larynx,  the  liver, 
and  pancreas,  as  well  as  the  allantois,  owe  their  origin  more  imme- 
diately to  inflections  of  the  hypoblast  layer  of  the  germinal  membrane, 
which  supplies  the  epithelial  lining  of  their  principal  cavities  ;  but  in 
all  these  organs  parts  of  their  structure  are  supplemented,  and  some 
other  organs,  such  as  the  mesentery  and  spleen,  are  wholly  formed  from 
the  mesoblast,  whence  proceed  the  vascular,  fibrous,  and  parenchyma- 
tous elements,  and  also  the  serous  coverings  of  the  organs,  where  these 
exist. 

ALIMENTARY    CANAL. 

The  primary  digestive  cavity  of  birds  and  mammals,  as  it  extends 
from  one  end  of  the  embryo  to  the  other  below  the  vertebral  axis, 
presents  at  first  a  manifest  division  into  three  parts.  One  of  these^ 
occupying  the  part  of  the  embryo  which  is  enclosed  by  the  cephalic 
fold,  and  which  may  be  named  the  foregut,  comprises  the  rudiments 
of  the  pharynx  and  gullet,  the  stomach  and  duodenum.  The  posterior 
division,  which  is  comparatively  short,  occupies  the  caudal  fold  of  the 
embryo,  and.  corresponds  mainly  to  the  lower  part  of  the  colon  and 
rectum.  Both  of  these  parts  have  fi'om  the  first  a  tubular  form,  and 
are  closed  respectively  by  the  inflection  of  the  whole  blastodermic 
layers  at  the  anterior  and  posterior  extremities  of  the  body.  The 
middle  division  has  primarily  the  form  of  a  long  and  wide  groove, 
lying  close  below  the  corresponding  part  of  the  vertebral  bodies,  lead- 
ing at  its  opposite  ends  into  the  cephalic  and  caudal  portions  of  the 
gut,  and  is  freely  open  throughout  on  its  ventral  aspect  into  the  cavity 
of  the  yolk-sac,  with  the  blastodermic  walls  of  which,  as  formerly 
described,  the  constituents  of  the  intestinal  walls  are  directly  con- 
tinuous (see  fig.  576). 

The  mouth,  as  elsewnere  explained,  is  no  part  of  the  ijrimitive 
alimentary  canal,  but  is  formed  by  involution  of  parts  of  the  face,  and 
receives,  therefore,  its  lining  membrane  from  epiblast.  It  is  separated 
for  a  time  from  the  pharynx,  which  is  the  foremost  part  of  the  primi- 
tive alimentary  canal,  by  the  reflection  of  the  layers  of  the  blastoderm, 
and  the  communication  which  is  later  established  between  the  mouth 
and  pharynx  at  the  posterior  arch  of  the  fauces,  is  due  to  a  solution  of 
continuity  in  these  layers,  which  occurs  in  the  chick  on  the  fourth  day 
of  incubation,  and  has  been  traced  at  a  corresponding  period  of 
development  in  several  mammals.  The  aperture  has  at  first  the  form 
of  a  vertical  slit,  which  widens  later  as  it  becomes  the  opening  from 
the  pharynx  into  the  common  cavity  of  the  nose  and  mouth.  The 
diverticulum  of  the  pituitary  gland,  it  will  be  remembered,  occupying 
the  place  which  becomes  the  top  of  the  permanent  pharynx,  is  formed 
in  connection  with  the  epiblastic  or  buccal,  and  not  the  hypoblastic  or 
pharyngeal  division  of  the  alimentary  passage  (see  fig.  535,  A  and  B,  py). 

The  hypoblastic  layer  of  the  germinal  membrane,  from  which  is 
derived  the  epithelial  lining  of  the  whole  alimentary  canal  and  pas- 
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sages  communicating  with  it,  is  at  first  extremely  thin  and  simple,  and 
is  composed  of  fiat  cells ;  but  as  soon  as  this  layer  comes  to  form  a  part 
of  the  inflected  alimentary  tube,  its  character  is  completely  altered,  its 
cells  become  cylindrical,  and  it  attains  a  great  proportional  thickness, 
which  it  preserves  for  a  considerable  time. 


Fig.  576. 


Fig.  576. — Early  form 
OF  THE  Alimentary 
Canal  (from  Kolliker 
after  Bischolf). 

In  A  a  front  rie^v, 
and  in  B  an  antero-pos- 
terior  section  are  reiDre- 
sented. 

a,  four  pliaryngeal  or 
visceral  plates ;  b,  the 
pharynx  ;  c,  c,  the  com- 
mencing lungs  ;  d,  the 
stomach  ;  /,  /,  the  di- 
verticrda  connected  with 
the  formation  of  the  liver ; 
g,  the  yolk-sac  into  which 
the  middle  intestinal 
groove  opens  ;  /;,  the 
posterior  i3art  of  the  in- 
testine. 


The  outer  surface  of  the  inflected  hypoblast  of  the  alimentary  tube  is 
more  or  less  in  contact  with  the  splanchno-pleure  division  of  the  mesoblast. 
In  the  head  no  marked  separation  of  the  splanchnopleure  and  somato- 
pleure  divisions  of  the  mesoblast  takes  place,  but  the  elements  of  the  former 
are  no  doubt  combined  with  the  hypoblast  in  the  walls  of  the  pharynx, 
and  the  formation  of  the  tympano-eustachian  and  following  pharyngeal 
clefts  is  therefore  due  to  the  perforation  of  both  epiblastic  and  hypo- 
blastic  layers  with  intervening  mesoblastic  tissue,  just  as  occurs  in  the 
formation  of  the  opening  of  the  fauces.  But  in  the  thorax  and 
abdomen,  the  primitive  alimentary  canal  is  brought  into  relation  with 
the  pleuro-peritoneal  cavity,  and  receives  in  various  parts  a  serous 
investment  from  the  lining  membrane  which  becomes  developed  in 
that  space.  In  the  thorax  the  right  and  left  cavities  remain  distinct 
as  the  two  pleura,  while  a  central  portion  is  separated  for  the  forma- 
tion of  the  pericardium,  and  thus  the  gullet,  as  well  as  the  lungs,  is 
brought  into  relation  with  the  pleura3,  and  receives  partial  covering 
from  them.  The  formation  of  the  diaphragm,  which  does  not  at  first 
exist,  and  which  grows  down  from  the  vertebral  column  as  a  partition 
between  the  thorax  and  abdomen,  leads  to  the  ultimate  separation  of 
the  peritoneum  from  the  pleurae.  Some  examples  of  diaphragmatic  hernia 
may  be  considered  as  arising  from  the  persistence  of  the  original 
connection  between  the  two  cavities.  In  the  abdomen,  also,  the  right 
and  left  peritoneal  cavities  are  at  first  distinct,  but  when  the  intestine 
assumes  a  tubular  form,  the  right  and  left  cavities  are  thrown  into  one 
across  the  middle  plane  of  the  body. 

As  the  development  of  the  alimentary  canal  proceeds,  the  middle 
open  part  shortens,  more  and  more  of  it  being  converted  into  the 
tubular  intestine,  and  at  last,  as  before  explained,  there  remains  only 
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the  narrow  opening  by  whicli  the  gradually  lengthening  ductus  vitello- 
intestinalis  leads  into  the  umbilical  vesicle,  the  middle  part  of  the 
intestinal  canal  has,  when  first  produced,  more  or  less  the  form  of  a 
straight  tube  lying  close  to  the  vertebral  column  ;  but  as  it  increases 


Fie.  577. 


Fig.    577. — Human    Embryo    op    THiRTr-FivE 
DAYS  SEEN  FROM  BEFORE  (from  KoUiker  after 

Coste). 

3,  left  external  nasal  process ;  4,  superior 
maxillary  process ;  5,  lower  maxillary  process  ; 
2,  tongue  ;  h,  aortic  bulb  ;  h\  first  permanent 
aortic  arch,  which  becomes  ascending  aorta  ; 
h" ,  second  aortic  arch  ;  h"' ,  third  aortic  arch  or 
ductus  Botalli;  y,  the  developing  pulmonary 
arteries  ;  c,  the  superior  cava  and  right  azygos 
vein  ;  c',  the  common  venous  sinus  of  the  heart  ; 
c",  the  common  stem  of  the  left  vena  cava  and 
left  azygos  ;  o,  left  auricle  of  the  heart ;  v,  right 
v',  left  ventricle  ;  a  e,  lungs  ;  e,  stomach  ;  j, 
left  omphalo-mesenteric  vein  ;  s,  continuation 
of  the  same  behind  the  pylorus,  which  becomes 
afterwards  the  vena  portaa  ;  x,  vitello-intestinal 
duct  ;  a,  right  omphalo-mesenteric  artery ;  m, 
AV^olffian  body  ;  i,  rectum  ;  n,  umbilical  artery  ; 
V,  umbilical  vein  ;  8,  tail  ;  9,  anterior,  9', 
posterior  limb.    The  liver  has  been  removed. 


in  length,  it  is  thrown  into  the  shape 
of  a  loop  bent  downwards  to  the 
umbilicus, — a  change  which  is  ac- 
companied by  the  formation  of  the 
mesentery.  The  latter  structure  is 
undoubtedly  entirely  due  to  splanchno- 
pleure  mesoblastic  elements,  which, 
extending  themselves  between  the  pro- 
to-vertebral  masses  and  the  elongating 
gut,  become  developed  into  the  vascu- 
lar and  other  parts  of  the  mesentery, 
as  was  long  ago  shown  by  Von  Baer. 
But  the  mesoblast,  also,  by  its  splan- 
chnopleure  division,  furnishes  the  con- 
tractile fibrous,  vascular,  and  con- 
nective tissue  elements  of  tlie  intestinal  walls.  The  extent  to  which 
the  glandular  elements  of  the  alimentary  canal  are  supplied  by  the 
hypoblast,  to  which  their  origin  was  entirely  attributed  by  Eemak,  or 
furnished  rather  by  mesoblast  from  the  protovertebral  mass,  as  held  by 
Schenk,  is  not  yet  determined. 

As  development  proceeds  in  the  forepart  of  the  alimentary  canal,  a 
change  in  its  form  manifests  itself,  by  which  one  part,  becoming  dilated, 
forms  the  commencement  of  the  stomach,  while  the  others  remain  of 
smaller  diameter  as  gullet  and  duodenum ;  and  in  connection  with  dif- 
ferent parts  of  these  "the  rudiments  begin  to  appear  of  the  lungs,  liver, 
and  pancreas. 

When  the  tubular  parts  of  the  gut  have  attained  to  some  length,  a 
change  of  position  gradually  accompanies  their  further  development. 
While  the  oesophageal  part  remains  comparatively  straight,  the  dilated 
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portion  of  the  tnbe  which  forms  the  stomach  turns  over  on  its  right 
side,  so  that  the  border,  which  is  connected  to  the  vertebral  cohimn  by 
the  membranous  fold  (or  true  mesogastrium)  comes  to  be  turned  to  the 
left, — the  position  of  the  tube  being  still  vertical,  like  the  stomach  of 
some  animals.  By  degi'ees  it  becomes  more  dilated,  chiefly  on  what  is 
now  the  left  border  but  subsequently  becomes  the  great  curvature,  and 
assumes  first  an  oblique  and  finally  a  transverse  position,  carrying  with 

Fig.  578. 


Fig.  678.- 


-OUTLINE    OF    THE    FoRM    AND    POSITION    OF    THE    AlIMENTAKY    CaNAL    IIT 

Successive  Stages  of  its  Development. 


A,  alimentary  canal,  &c.,  in  an  embryo  of  five  weeks  ;  B,  at  eiglit  weeks  ;  C,  at  ten 
weeks  ;  D,  at  twelve  weeks  ;  I,  the  primitive  lungs  connected  with  the  pharynx  ;  s,  the 
stomach  ;  d,  duodenum  ;  i,  the  small  intestine  ;  i',  the  large  ;  c,  the  caecum  and  vermi- 
form appendage  ;  r,  the  rectum  ;  c  ^,  in  A,  the  cloaca  ;  a,  in  B,  the  anus  distinct  from 
s  i,  the  sinus  uro-genitalis  ;  v,  the  yolk-sac  ;  v  i,  the  vitello-intestinal  duct  ;  u,  the 
urinary  bladder  and  urachus  leading  to  the  allantois  ;  g,  the  genital  ducts.  In  B,  and 
C,  the  thickness  of  the  colon  is  erroneously  represented  as  greater  than  that  of  the 
ileum. 

it  the  mesogastrium,  from,  which  the  great  omentnm  is  afterwards  pro- 
duced. A  slight  indication  of  the  pylorus  is  seen  at  the  third  month. 
Upon  the  surface  of  the  part  of  the  canal  which  immediately  suc- 
ceeds the  stomach,  and  which  forms  the  duodenum,  the  rudiments 
of  the  liver,  pancreas,  and  spleen  are  simultaneously  deposited,  in  the 
manner  to  be  stated  in  the  description  of  the  development  of  these 
organs. 

The  place  of  transition  from  the  small  to  the  large  intestine,  which 
is  soon  indicated  by  the  protrusion  of  the  csecum,  is  at  a  point  just 
below  the  apex  or  middle  of  the  simple  loop  already  mentioned,  as 
accompanying  the  first  elongation  of  the  tubular  gut.  As  the  small 
intestine  grows,  the  part  below  the  duodenum  forms  a  coil  which  at 
first  lies  in  the  commencing  umbilical  cord,  but  retires  again  into  the 
abdomen  about  the  twelfth  week  ;  afterwards  it  continues  to  elongate, 
and  its  convolutions  become  more  and  more  numerous. 
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The  large  intestine  is  at  first  less  in  calibre  than  the  small.  In  the 
early  embryo  there  is  at  first  no  csecum.  This  part  of  the  bowel 
gradually  grows  out  from  the  rest,  and  in  the  first  instance  forms  a  tub(? 
of  uniform  calibre,  without  any  appearance  of  the  vermiform  appendix: 
subsequently  the  lower  part  of  the  tube  ceases  to  grow  in  the  same 
proportion,  and  becomes  the  appendix,  whilst  the  upper  portion  con- 
tinues to  be  developed  wdth  the  rest  of  the  intestine.  The  cagcum  now 
appears  as  a  protrusion  a  little  below  the  apex'  of  the  bend  in  the  primi- 
tive intestinal  tube,  and,  together  with  the  commencing  colon,  and  the 
coil  of  small  intestine,  is  at  first  lodged  in  the  wide  part  of  the  um- 
bilical cord  which  is  next  the  body  of  the  embryo.  The  ileo-csecal 
valve  appears  at  the  commencement  of  the  third  month.  When  the 
coils  of  intestine  and  csecum  have  retired  from  the  umbilicus  into 
the  abdomen,  the  colon  is  at  first  entirely  to  the  left  of  the  con- 
volutions of  the  small  intestines,  but  subsequently  the  first  part  of 
the  large  intestine,  together  with  the  meso-colon,  crosses  over  the 
upper  part  of  the  small  intestine,  at  the  junction  of  the  duodenum  and 
jejunum.  The  caecum  and  transverse  colon  are  then  found  just  below 
the  liver  ;  finally,  the  cascum  descends  to  the  right  iliac  fossa,  and  at 
the  fourth  or  fifth  month  the  parts  are  in  the  same  position  as  in  the 
adult.  At  first,  villous  processes  or  folds  of  various  lengths  are  formed 
throughout  the  whole  canal.  After  a  time  these  disappear  in  the 
stomach  and  large  intestine,  but  remain  persistent  in  the  intermediate 
portions  of  the  tube.  According  to  Meckel,  the  villous  processes  are 
formed  from  larger  folds,  which  become  serrated  at  the  edge,  and 
divided  into  separate  villi. 

The  formation  of  the  hinder  part  of  the  gut  is  complicated  with  the 
development  of  the  allantois,  which  arises  as  a  projection  or  out- 
growth of  the  hypoblast  and  mesoblast  from  the  lower  wall  of  its 
terminal  portion.  This  part  rapidly  buds  out  in  the  pleuro-peritoneal 
space,  having  from  a  very  early  period  a  rich  network  of  the  branches 
of  the  umbilical  vessels  in  its  outer  layer.  The  anal  or  cloacal  portion 
remains  behind  the  allantoid  pedicle,  and  by  the  fifth  day  in  the  chick 
the  whole  of  the  tissues  which  close  the  terminal  fold  thin  rapidly  away, 
and  become  perforated  so  as  to  form  the  primitive  anal,  or  rather  the 
cloacal  opening.  The  separation  of  the  permanent  anus  from  the  uro- 
genital orifice  is  the  result  of  a  later  process  of  development. 

The  mode  of  development  of  the  alimentary  canal  explains,  in  some 
measure,  the  complicated  folds  of  the  peritoneum.  The  stomacli 
being  originally  more  nearly  in  the  line  of  the  alimentary  canal 
and  mesial  in  position,  the  small  omentum  aad  gastro-phrenic  ligament 
are  originally  parts  of  a  mesial  fold  with  the  free  edge  directed  for- 
wards, which  afterwai'ds  forms  the  anterior  boundary  of  the  foramen 
of  Winslow.  Thus  the  anterior  wall  of  the  sac  of  the  omentum,  as  far 
as  the  great  curvature  of  the  stomach,  may  be  considered  as  formed  by 
the  right  side  of  a  mesial  fold,  while  the  peritoneum  in  front  of  the 
stomach  belongs  to  the  left  side  of  the  same,  and  a  sac  of  the  omentum 
is  a  natural  consequence  of  the  version  and  disproportionate  growth  of 
the  tube  between  the  duodenum  and  the  cardiac  orifice  of  the  stomach. 
It  is  obvious  that  the  view  of  the  omental  sac,  according  to  which  its 
posterior  layers  are  held  to  return  to  the  duodenum  and  posterior  wall 
of  the  body  before  proceeding  to  form  the  transverse  meso-colon  (p.  484) 
is  more  consistent  with  the  phenomena  of  development  now  described. 
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than  that  which  Avould  make  them  directly  enclose  the  colon.  On  the 
other  hand,  the  further  elongation  of  the  omental  sac  and  the  whole 
disposition  of  the  peritoneum,  with  respect  to  the  colon,  must  be 
regarded  as  having  taken  place  after  the  assumption  by  the  great  intes- 
tine of  its  permanent  position. 

Fig.     579.— Sketch    op    the    Hujun  Fig.  579. 

Ejibkyo  of  the  Tenth  Week,  show- 
ing THE  Coil  of  Intestixe  in  the 
Umbilical  Cord,     (A.  T.) 

The  amnion  and  Tilious  chorion  have 
been  opened  and  the  embryo  drawn  aside 
from  them  ;  v,  the  umbilical  vesicle  or 
yolk-sac  placed  between  the  amnion  and 
chorion,  and  connected  with  the  coil  of 
intestine,  i',  by  a  small  or  almost  linear 
tube  ;  the  figure  at  the  side  represents 
the  first  part  of  the  umbilical  cord 
magnified ;  i,  coil  of  intestine ;  v  i, 
vitello-intestiual  duct,  alongside  of  which 
are  seen  omphalo-mesenteric  blood-ves- 
sels. 

The  occurrence  of  umbilical  hernia  in  its  yarious  degrees  may  be 
referred  to  the  persistence  of  one  or  other  of  the  fostal  conditions  in 
which  a  greater  or  less  portion  of  the  intestinal  canal  is  contained  in 
the  umbilical  cord  ;  and  it  has  been  shown  that  the  most  common  form 
of  abnormal  diyerticula  from  the  small  intestine  is  connected  with  the 
original  opening  of  the  ductus  vitello-intestinalis  into  the  ileum. 

DEVELOPMENT  OF  THE  LIVER,  PANCREAS,  AND  SPLEEN. 

The  Liver. — The  liver  is  one  of  the  earliest  formed  abdominal 
organs.  It  consists  at  first,  according  to  most  observers,  of  two  solid 
masses  in  connection  with  the  lower  surface  of  the  duodenal  portion  of 
the  alimentary  canal.  Schenk,  however  (Lehrbuch,  p.  93),  states  that 
the  blastemic  mass  of  the  liver  is  single.  A  hollow  cavity  soon  appears 
within  the  mass,  which  is  the  commencement  of  the  main  excretory 
duct  (ductus  choledochus  communis).  This  cavity  is  lined  by  hypo- 
blastic  epithelium  ;  and,  according  to  the  commonly  received  view,  is 
produced  as  a  diverticulum  of  the  hypoblast  of  the  intestine.  Through 
the  mass,  but  at  first  unconnected  with  its  substance,  there  passes  the 
main  stem  of  the  veins  from  the  umbilical  vesicle  and  allantois  (um- 
bilical vein  or  meatus  venosus). 

In  the  rudimentary  mass  composing  the  liver  there  are  soon  observed 
a  number  of  solid  cylinders  of  blastemic  cells  which  branch  out  from 
the  hypoblast  into  the  mesoblast,  and  as  these  come  to  unite  together 
by  their  ends,  they  at  last  form  a  network  of  solid  cords  with  which 
the  hypoblastic  diverticula  are  connected.  In  the  meantime  blood- 
vessels are  developed  in  the  mesoblast  lying  between  the  cylinders, 
which  vessels  become  united  as  branches  with  the  umbilical  vein  pass- 
ing through  the  liver.  Hollow  processes  also  extend  themselves  from 
the  hypoblastic  diverticula  and  stretch  into  the  solid  cylinders  of  the 
hepatic  parenchyma  ;  but  the  greater  part  of  this  remains  solid  for  a 
time,  consisting  of  reticulated  strings  of  cells  between  which  there  is 
nothing  but  blood-vessels. 

According  to  some  embryologists,  as  Schenk,  the  hypoblast  forms  no 
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more  than  the  lining  epithelium  of  the  bile-ducts  and  gall-bladder,  and 
the  hepatic  or  glandular  cells  are  entirely  derived  from  mesoblast  ;  but, 
according  to  Foster  and  Balfour,  following  Eemak  and  the  earlier 
observers,  the  cellular  elements  of  the  gland  are  stated  to  derive  their 
origin  from  the  hypoblast,  and  the  mesoblast  is  mainly  converted  into 
blood-vessels  and  the  fibrous  tissue  of  the  ducts. 


Fig.  580. 


Fig.  580. —Fault  Con- 
dition OP  THE  Liver 
IN  THE  Chick  on  the 
Third  Day  of  Incu- 
bation (from  J.  Miil- 
ler.)     f 

1,  the  lieart  as  a  sim- 
jilo  curved  tube  ;  2,  2, 
the  intestinal  tube ;  3, 
conical  protrusion  of  the 
coat  of  the  commeucing 
intestine,  on  Avhicli  the 
blastema  of  the  liver  (4) 
is  formed  ;  4,  portion  of 
the  layers  of  the  germinal 
membrane,  passing  into 
the  j'olk-sac. 


The  gall  bladder  is  formed  by  extension  from  the  wall  of  the  main 
duct. 

The  blood-vessels  formed  in  the  liver  become  branches  of  the  main 
vein,  which  passes  through  the  cellular  mass.  These  are  distinguish- 
able as  an  anterior  and  posterior  set,  the  arrangement  of  which  is  such 
that  the  blood  flows  from  stem  to  branches  in  the  anterior,  and  from 
branches  to  stem  in  the  posterior.  Thus  the  distinction  is  estab- 
lished between  portal  and  hepatic  veins  (see  the  Development  of  the 
Veins). 

The  solid  cylinders  of  the  blastema  represent  the  hepatic  lobular 
tissue,  the  hollow  processes  the  hepatic  ducts  ;  but  the  origin  of  the 
finest  ducts  is  not  known.  Perhaps  each  cellular  cylinder  may  be 
looked  upon  as  a  collection  of  hepatic  cells,  in  the  centre  of  which  is 
the  minute  duct,  according  to  the  view  now  taken  of  the  structure  of 
the  adult  liver  (Foster  and  Balfour). 

The  gall-bladder  is  at  first  tubular,  and  then  has  a  rounded  form. 
The  alveoli  in  its  interior  appear  about  the  sixth  month.  At  the 
seventh  month  it  first  contains  bile.  In  the  foetus  its  direction  is  more 
horizontal  than  in  the  adult. 

The  following  are  the  principal  peculiarities  in  the  liver  of  the 
foetus : — 

Size. — In  the  hmnan  foetus,  at  the  fifth  or  sixth  week,  the  liver  is  so  large  that 
it  is  said  to  constitute  one -half  of  the  weight  of  the  whole  body.  This  propor- 
tion gradually  decreases  as  development  advances,  until  at  the  full  period  the 
relative  weight  of  the  foetal  liver  to  that  of  the  body  is  as  1  to  18. 

In  early  foetal  life,  the  right  and  left  lobes  of  the  liver  are  of  equal,  or  nearly 
equal,  size.  Later,  the  right  preponderates,  but  not  to  such  an  extent  as  after 
birth.  Immediately  before  birth  the  relative  weight  of  the  left  lobe  to  the  right 
is  nearly  as  1  to  1'6. 

Position. — In  consequence  of  the  nearly  equal  size  of  the  two  lobes,  the  posi- 
tion of  the  foetal  liver  in  the  abdomen  is  more  symmetrical  than  in  the  adult. 
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In  tlie  very  young  foetus  it  occui^ies  nearly  the  whole  of  the  abdominal  cavity  ;. 
at  the  full  period  it  still  descends  an  inch  and  a  half  below  the  margin  of  the 
thorax,  overlaps  the  spleen  on  the  left  side,  and  reaches  nearly  down  to  the- 
crest  of  the  ilium  on  the  right. 

Form,  Colour,  J{-c. — The  foetal  liver  is  considerably  thicker  in  proportion  from 
above  downwards  than  that  of  the  adult.  It  is  generally  of  a  darker  hue.  Its 
consistence  and  specific  gravity  are  both  less  than  in  the  adult. 

During  foetal  life,  the  umbilical  vein  runs  from  the  umbilicus  along  the  free 
margin  of  the  susj^ensory  ligament  towards  the  anterior  border  and  under  surface- 
of  the  liver,  beneath  which  it  is  lodged  in  the  umbilical  fissui-e,  and  proceeds  as 
far  as  the  transverse  fissure.  Here  it  divides  into  tivo  branches  ;  one  of  these, 
the  smaller  of  the  two,  continues  onward  in  the  same  dhection,  and  joins  the 
vena  cava  ;  this  is  the  ductus  venosvs,  which  occupies  the  posterior  part  of  the 
longitudinal  fissure,  and  gives  to  it  the  name  of  the  fossa  of  the  ductus  venosus. 
The  other  and  larger  branch  (the  trunk  of  the  umbilical  vein)  turns  to  the  right 
along  the  transverse  or  portal  fissui-e,  and  ends  in  the  vena  poi-taa,  which,  pro- 
ceeding from  the  veins  of  the  digestive  organs,  is  in  the  fcetus  comparatively  of 
small  dimensions.  The  umbilical  vein,  as  it  lies  in  the  umbilical  fissui-e,  and 
before  it  joins  the  vena  portaa.  gives  off  large  lateral  branches,  which  pass 
directly  into  the  right  and  left  lobes  of  the  liver.  It  also  sends  a  few  smaller 
branches  to  the  square  lobe  and  to  the  lobe  of  Spigelius. 


Fig.  581. — Under  Surface  of  the 
FcETAii  Liver,  with  its  great 
Blood-vessels,  at  the  full 
Period. 

a,  the  umbilical  vein,  lying 
in  the  umbilical  fissure,  and  turn- 
ing to  the  right  side,  at  the 
transverse  fissure  (o),  to  join  the 
vena  portce  (v) :  the  branch  marked 
d,  named  the  ductus  venosus,  con- 
tinues straight  on  to  join  the  vena 
cava  inferior  (c)  :  some  branches  of 
the  umbilical  vein  pass  fi-om  a  into 
the  substance  of  the  hver  ;  y.  the 
gall-bladder. 


Ficr.  5ST. 


The  blood  which  leaves  the  liver  by  the  hepatic  veins,  and  is  carried  into  the 
heart  along  with  that  of  the  vena  cava  inferior,  consists  of  the  following  parts, 
viz.  ;  1.  That  of  the  umbilical  vein,  which  passes  on  dii'ectly  by  the  ductus 
venosus  ;  2,  that  portion  of  the  blood  which  is  distributed  to  the  liver  by  branches 
proceeding  immediately  from  the  trunk  of  the  umbilical  vein  ;  and  3,  the  blood 
fi-om  the  digestive  organs  of  the  foetus  arriving  by  the  vena  portas. 

After  birth  the  umbilical  vein  becomes  obliterated  from  the  umbilicus  up  to 
the  point  of  its  gi^ing  off  branches  to  the  liver.  The  ductus  venosus  is  also 
obliterated,  but  the  veins  which  were  given  as  branches  from  the  umbilical 
vein  to  the  liver  remain  in  communication  with  and  appear  as  branches  of  the 
left  division  of  the  portal  vein. 


The  Pancreas. — Tliis  organ  takes  its  origin  in  a  mass  of  meso- 
blastic  tissue,  which  thickens" the  wall  of  the  duodenum  close  to  the 
place  where  the  rudiment  of  the  liver  is  first  seen,  but  placed  more  to 
the  left  side.  This  mass  may  be  seen  on  the  third  day  in  the  chick. 
There  is,  however,  also  a  diverticulum  from  the  primary  wall  of  the 
intestine  or  hypoblast.    The  same  doubt  prevails,  as  in  regard  to  the 
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liver,  witli  respect  to  the  exact  share  of  the  hypoblastic  and  mesoblastic 
elements  in  the  formation  of  the  glandular  cells.  The  main  duct  and  its 
branches  undoubtedly  owe  their  origin  to  diverticula  proceeding  from 
the  intestinal  hypoblast,  and  the  epithelial  lining  of  the  ducts  is  doubt- 
less derived  from  that  source.  By  those  who  consider  that  the  glan- 
dular cells  also  arise  from  the  hypoblast,  solid  pi'ocesses  of  that  layer 
are  described  as  stretching  into  the  mass  of  mesoblast.  Into  these  the 
diverticular  cavities  subsequently  extend  in  more  than  one  main  divi- 
sion. The  blood-vessels  and  the  connective  tissue  of  the  gland  are 
undoubtedly  due  to  the  mesoblastic  elements,  and  these  are  very  soon 
combined  with  the  parts  proceeding  from  hypoblast. 

The  Spleen. — This  organ  appears  soon  after  the  pancreas  as  a 
thickening  of  the  mesogastrium,  and  is  therefore  entirely  mesoblastic 
in  its  origin.  (Peremeschko,  Vienna  Acad.,  1867,  and  W.  Miiller  in 
Strieker's  Histol.)  The  gradual  formation  of  the  trabecular  structure 
from  one  set  of  cells  and  of  the  blood-vessels  and  cellular  elements  of 
the  organ  from  the  blastemic  substance  has  been  traced.  The  pulp  is 
formed  in  connection  with  the  veins,  and  the  arteries  are  formed  along 
with  the  Malpighian  corpuscles.  The  spleen  is  closely  related  to  the 
pancreas  in  its  origin,  but  it  is  later  of  being  formed  and  contains  no 
hypoblastic  elements.  In  the  human  foetus  of  about  twelve  weeks  its 
shape  can  be  recognised,  but  the  Malpighian  bodies  are  not  visible  till 
the  middle  of  foetal  life. 

Lymphatic  Glands. — The  development  of  the  mesenteric  lymphatic 
glands  has  been  observed  by  Sertoli  in  mammals.  (Vienna  Acad., 
1866.)  The  blastema  from  which  they  are  produced  is  imbedded  in 
the  mesentery,  and  is  therefore  entirely  mesoblastic.  The  gradual 
differentiation  of  the  blastema  gives  rise  in  succession  to  the  lymph 
spaces,  the  trabeculse  and  the  lymph  cells,  and  the  distinction  follows 
between  inferent  and  efferent  lymphatic  vessels.  The  development  of 
lymphatic  vessels  has  been  described  in  the  General  Anatomy,  p.  191. 

The  Thymus  and  Thyroid  G-lands.— The  development  of  these 
bodies  has  been  described  in  an  earlier  part  of  this  volume,  pp.  297 
and  299.  The  thymus  gland  proceeds  entirely  from  mesoblastic  tissue ; 
but,  according  to  the  researches  of  W.  Miiller  (Jenaisch.  Zeitsch., 
1871),  it  would  appear  that  the  thyroid  body  arises  at  first  as  a  diver- 
ticulum from  the  pharynx,  and  it  therefore  contains  some  hypoblastic 
elements. 

DEVELOPMENT  OP  THE  LUNGS  AND  TRACHEA. 

The  lungs  first  appear  as  two  small  protrusions  upon  the  fi-ont  of  the 
oesophageal  portion  of  the  alimentary  canal,  completely  hid  by  the 
rudimentary  heart  and  liver.  These  primitive  protrusions  or  tubercles 
are  visible  in  the  chick  on  the  third  day  of  incubation,  and  in  the 
embryoes  of  mammalia  and  of  man  at  a  corresponding  stage  of  advance- 
ment. Their  internal  cavities  communicate  with  the  oesophagus,  and 
are  lined  by  a  prolongation  of  the  hypoblast.  At  a  later  period  they 
are  connected  with  the  oesophagus  by  means  of  a  long  pedicle,  which 
ultimately  forms  the  trachea,  whilst  the  bronchia  and  air-cells  are 
developed  by  the  progressive  ramification  of  the  internal  cavity  in  the 
form  of  csecal  tubes,  after  the  manner  of  the  ducts  of  glands. 

The  diverticulum  of  hypoblast  is  surrounded  by  a  mass  of  meso- 
blastic cells,  so  that  the  pulmonary  parenchyma,  like  that  of  the  glands, 
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owes  its  origin  to  both  hypoblastic  and  mesoblastic  elements.  The 
substance  of  the  mesoblast,  thickening  round  tlie  primary  diverticula, 
becomes  penetrated  by  secondary  diverticula  formed  from  the  hypoblast 
processes ;  these  are  succeeded  by  tertiary  branches  which  develop  the 
bronchia,  and  ultimately  have  the  air-cells  formed  as  their  terminations. 
The  formative  process  consists  essentially  in  the  budding  of  hypoblastic 
into  mesoblastic  substance ;  the  hypoblast  furnishing  the  lining  epi- 
thelium of  the  tubes,  and  the  mesoblast  tlie  other  tissues,  such  as 
muscular  fibres,  cartilage,  blood-vessels,  elastic  tissue,  &c. 

In  the  formation  of  the  trachea  and  bronchi  the  wall  of  the  primitive 
oesophagus  is  projected  downwards  (or  forwards),  and  by  the  gradual 
folding  in  of  the  sides  a  second  median  tube  is  separated  from  the 
primitive  alimentary  canal.  This  new  tube  grows  out  at  its  hinder 
end  so  as  to  bulge  at  the  two  sides,  and  thus  the  commencement  of  a 
right  and  left  bronchus  is  formed.  The  subsequent  division  of  the 
diverticular  hollow  goes  on  by  budding  of  the  hypoblast  from  within 
into  the  masses  of  pulmonary  blastema.  The  division  into  larger  lobes 
externally,  three  in  the  right  and  two  in  the  left  lung,  may  be  seen  at 
a  very  early  period  in  the  human  foetus.  As  the  bronchial  subdivision 
extends  within  the  lungs,  a  tubercular  or  coarsely  granular  appearance 
is  seen  over  the  outer  surface,  as  observed  by  Kolliker  in  the  human 
foetus  in  the  latter  half  of  the  second  month.  This  is  produced  by  the 
primitive  air-cells  placed  at  the  extremities  of  ramified  tubes,  which 
occupy  the  whole  of  the  interior  of  the  organ :  the  I'amification  of  the 
bronchial  twigs  and  multiplication  of  air-cells  goes  on  increasing,  and 
this  to  such  an  extent  that  the  air-cells  in  the  fifth  month  are  onlj 
half  the  size  of  those  which  are  found  in  the  fourth  month. 

Fig.  582. — Sketch  illustrating  the  Deve-  Fig.  582. 

LOPJIENT      01-     THE     EeSPIRATORY     OrGANS 

(from  Kathke).  a.  B  C 

A,  oesophagus  of  a  chick,  on  the  fourth 
day  of  incubation,  with  the  rudimentary- 
lung  of  the  left  side,  seen  laterally  ;  1,  the 
front,    and    2,    the  bacli  of  the  cesox^hagus  ; 

3,  rudimentary  lung  protruding  from  that 
tube;  4,  stomach.  B,  the  same  seen  in 
front,  so  as  to  show  both  lungs.  C,  tongue 
and  respiratory  organs  of  embryo  of  the 
horse  ;    1,   tongue  ;    2,   larj-nx ;   3,  trachea  ; 

4,  lungs  seen  fi'om  behind. 

In  birds  the  principal  air- sacs,  three  in  number,  are  formed  in  direct 
connection  with  the  lung  in  the  course  of  its  early  development,  and 
the  rudiments  of  these  sacs  may  be  seen  at  an  early  period,  as  bulging 
constituent  parts  of  the  rudimentarj^  lungs. 

Pleurae. — Each  lung  receives  a  covering  externally  from  the  linmg 
membrane  of  the  common  pleuro-peritoneal  cavity  of  its  own  side. 
This  is  at  first  only  on  the  outer  side;  but,  as  the  lungs  enlarge,  a  fissure 
separates  their  solid  substance  from  the  outer  wall  of  the  oesophagus, 
and  the  pleura  is  carried  round  the  lung-mass  so  as  to  encircle  "the 
gradually  narrowing  root  of  each  lung.  The  two  pleura  remain  sepa- 
rated by  the  mediastinum  and  heart. 

Pulmonary  Vessels.— The  blood-vessels  of  the  lungs  which  arise 
in  the  mesoblastic  tissue  seem  to  be  of  comparatively  late  formation, 
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penetrating-  into  the  mesoblast  only  on  the  twelfth  day  in  the  chick. 
The  pulmonary  arteries  are  developed  in  mammals  in  connection  with 
the  fifth  branchial  arch  of  the  left  side,  but  the  manner  in  which  they 
become  connected  with  the  vessels  formed  in  the  lung-substance,  and  the 
manner  in  which  a  union  is  established  between  the  pulmonary  veins 
and  the  left  auricle  have  not  yet  been  ascertained. 

DEVELOPMENT  OF   THE  HEART  AND   BLOOD-VESSELS. 

In  the  account  of  the  general  phenomena  of  development  the  esta- 
blishment of  the  first  circulation  of  blood,  by  the  simultaneous  formation 
of  the  simple  heart  and  of  the  first  blood-vessels  and  blood  in  the  body 
of  the  embryo  and  in  the  vascular  area  of  the  blastoderm,  has  already 
been  described,  and  in  the  General  Anatomy  (p.  180)  an  account  has 


Fig.  583. 


Fig.  583. — Outlines   of  the  aistterior 

HALF  OF  THE  EmBRYO  ChICK  VIEWED 
FROM  BELOW,  SHOWING  THE  HeAKT  IN 
ITS     EARLIEST     STAGES     OF     FORMATION 

(after  Remak).     ^° 

A,  Embryo  of  about  20  to  30  hours  ; 
B,  of  about  36  to  40  hours  ;  a,  anterior 
cerebral  vesicle  ;  b,  proto-vertebral  seg- 
ments; c,  amniotic  fold  ;  1,  1,  primitive 
ompbalo-mesenteric  veins  entering  the 
heart  jjosteriorly ;  2,  their  union  in  the 
auricle  of  the  heart  ;  3,  the  middle  part 
of  the  tube  corresponding  to  the  ven- 
tricle ;  4  (in  B)  the  arterial  bulb. 

been  given  of  the  histological 
changes  occurring  in  the  first 
development  of  the  blood-vessels 
and  blood. 


DEVELOPMENT     OF    THE     HEART. 


Origin  of  the  Heart — Simple  Tubular  Form. — The  heart  takes 
its  origin  in  the  form  of  an  elongated  sac  or  dilated  tube  in  the  substance 
of  a  thickening  of  the  splanchno-pleure  layer  of  the  mesoblast,  in  the 
ventral  aspect  of  the  cephalic  portion  of  the  primitive  alimentary  canal, 
immediately  in  front  of  the  fovea  cardiaca.  Doubts  have  existed  as  to 
the  exact  mode  of  production  of  the  cavity  of  tlie  organ,  but  the  observa- 
tions of  Aflanasieflf  and  Klein,  and  especially  those  of  Foster  and 
Balfour,  appear  to  show  that  the  substance  in  which  the  first  rudiments 
of  the  heart  arise  is  produced  by  a  thickening  of  the  lower  Avail  of  the 
mesoblastic  layer  of  the  primitive  intestine,  and  that  the  cavity  is 
formed  by  a  solution  of  continuity  or  liquefaction  of  this  substance  in 
such  a  manner  that,  while  the  outer  cells  constitute  the  foundation  of 
the  commencing  fibrous  walls,  a  deep  set  of  cells  very  soon  or  from  the 
first  arrange  themselves  in  the  form  of  an  endo-vascular  lining  of  the 
cavity.  The  organ  has  at  first  the  form  of  an  elongated  sac  or  dilated 
tube  of  symmetrical  shape,  widening  out  behind  into  two  lateral 
orifices,  each  of  which  is  connected  with  an  omphalo-niesenteric  vein  of 
its  own  side  bringing  the  nascent  blood  back  from  the  vascular  area, 
while  the  anterior  part  of  the  rudimental  heart  leads  into  two  arterial 
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vessels,  one  of  which  arches  over  each  side  of  the  primitive  pharynx 
and  turns  backwards  below  the  proto-vertebrse  to  form  one  of  the  two 
primitive  aortic  tubes.  From  each  of  these  last  the  omphalo-mesenteric 
arteries  pass  off  into  the  vascular  area. 

According'  to  recent  observations  by  Kolliker  and  by  Hansen  (loc,  cit.)  a  still 
earlier  condition  of  tbe  heart  has  been  perceived  in  the  embryo  of  mammals,  in 
which  there  are  two  separate  tubes  hollowed  out  of  the  lateral  parts  of  the 
cephalic  fold.  Each  of  these  tubes  is  connected  with  a  vein  or  entering  vessel 
posteriorly,  and  an  artery  or  out-goiug  vessel  anteriorly  :  these  slowly  come  to- 
gether and  unite  by  fusion  in  the  middle,  in  a  limited  space  at  first,  and  then 
more  and  more  tUl  the  single  tubular  heart  results.  Each  tube  is  in  relation  with 
the  pleui-operitoneal  cavity  of  its  own  side,  and  when  the  median  fusion  takes 
place  the  union  of  these  two  becomes  the  pericardium. 

Fig.  584. 

Arc. 


Fig.  584. — Diagrammatic  LONCiTuDraAii  section  through  the  Axis  of  an  Embryo. 

The  section  is  supposed  to  be  made  at  a  time  when  the  head-fold  has  commenced,  but 
the  tail-fold  has  not  yet  appeared.  A,  epiblast  ;  jB,  mesoblast ;  C,  hypoblast  ;  FSo,  fold 
of  the  somatopleure  ;  Sp,  and  FSp,  fold  of  the  splanchnopleure ;  Am,  commencing  (head) 
fold  of  the  amnion  ;  NO,  neural  canal,  closed  in  front,  but  still  open  behind  ;  Ch,  noto- 
chord,  in  front  uncleft  mesoblast  in  the  base  of  the  cranium  ;  D,  the  commencing  foregut, 
or  alimentary  canal ;  lit,  heart ;  p2^,  pleuro-peritoneal  cavity. 

The  rudimental  heart  in  the  form  now  described,  exists  in  the  chick 
at  the  thirty-sixth  hour  of  incubation,  and  already,  while  still  consisting 
of  formative  cells  not  differing  greatly  fi-om  those  composing  the  other 
parts  of  the  mesoblast,  begins  to  exhibit  motions  of  alternating  systole 
and  diastole,  by  slow  contractions  which  begin  behind  and  pass  forward 
to  the  anterior  extremity  of  the  tube  ;  and  a  small  quantity  of  imper- 
fectly formed  blood  is  propelled  through  the  cavity. 

The  elongation  which  the  tubular  heart  now  undergoes  causes  it  to 
lose  the  symmetrical  form  ;  and  its  middle  part  now  becomes  detached 
from  the  lower  side  of  the  alimentary  canal,  and  projects  downwards  (or 
forwards  in  the  body)  with  an  inclination  to  the  right  side  of  the 
embryo. 

The  heart  is  now  found  to  be  surrounded  on  the  ventral  aspect  by  a 
median  cavity,  which  is  a  part  of  the  pleuro-peritoneal  space  inter- 
vening between  the  wall  of  the  heart  as  splanchno-pleure,  and  the 
somato-pleure  forming  the  thoracic  walk  This  cavity  becomes  the  peri- 
cardial sac. 

As   the  development  of   the  tubular  heart   progresses,   the  bend 
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increases,  and  the  venous  is  doubled  back  upon  the  arterial  end.    The 
tube    also   becomes  divided  by  two   slight  constrictions  into  three 


^iS-  585.  Fig.    585.— Human    Embryos 

AT    DIFFERENT    EARLY  STAGES 
OF     DEVELOPMENT,      SHOWING 

THE  Heart  in  its  tubular 

CONDITION. 

A,  upper  half  of  tlie  body  of 
a  human  embryo  of  three  weeks, 
viewed  from  the  abdominal  side 
(from  Coste) ;  a,  frontal  plate ; 
h,  protovertebrse,  on  which 
the  primitive  aortas  are  lying  ; 
8,  the  middle  of  the  tube  of  the 
heart,  below  it  the  place  of  en- 
trance of  the  great  veins,  above 
it  the  aortic  bulb. 

B,  lateral  view  of  a  human 
embryo  more  advanced  than  that 

last  referred  to,  and  somewhat  imperfectly  developed  (from  A.  Thomson) ;  a,  the  frontal 
part  of  the  head  ;  h,  the  vertebral  column  ;  v,  the  wide  communication  of  the  umbilical 
vesicle  or  yolk-sac  with  the  intestine ;  ii,  communication  with  the  allantois  or  ui-achus ;  2, 
auricular  part  of  the  heart  connected  with  the  veins  posteriorly ;  3,  ventricular  part  of 
the  bent  tube ;  4,  the  aortic  bulb  ;  near  the  extremities  of  the  tube  the  divided  peri- 
cardium is  seen. 

portions,  of  which  that  originally  posterior  and  receiving  the  veins  is 
the  widest,  and  constitutes  the  primitive  auricle  ;  the  middle  one,  next 


Fig.  586.— Diagrammatic  Outlines  of  the  Heart  and  First  Arterial  Vessels 
OF  THE  Embryo,  as  seen  from  the  Abdominal  Surface. 

A,  at  a  period  corresponding  to  the  36th  or  38th  hour  of  incubation  in  the  chick  • 
B,  and  C,  at  the  4Sth  hour  of  incubation  ;  1,  1,  primitive  veins  ;  2,  auricular  part  of  the 
heart ;  3,_  ventricular  part ;  4,  aortic  bulb  ;  5,  5,  the  primitive  aortic  arches,  and  their 
continuation  as  descending  aorta  ;  these  vessels  are  still  separate  in  their  whole  extent  in 
A  but  at  a  later  period,  as  shown  more  fully  in  C,  have  coalesced  into  one  tube  in  a  part 
o±  the  dorsal  region ;  m  B,   below  the  upper  5,  the  second  aortic  arch  is  formed,  and 
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farther  down  the  dotted  lines  indicate  the  position  of  the  succeeding  arches  to  the  niimher 
of  five  in  all ;  5',  5',  the  continuation  of  the  main  vessels  in  the  body  of  the  embrj'o  ; 
6,  6,  the  omphalo-mesenteric  arteries  passing  out  of  the  body  of  the  embryo  into  the  vas- 
cular area  of  the  germinal  membrane. 

in  width  and  most  strongly  bent  upon  itself,  becomes  the  yentricular 
portion  ;  and  the  third,  situated  anteriorly  and  retaining  most  the 
simple  tubular  form,  is  the  arterial  or  aortic  bulb.  This  tubular  stage 
of  the  rudimental  heart  has  been  observed  in  the  human  embryo  by 
Coste  and  Allen  Thomson  (see  fig.  585,  A  and  B). 

Division  into  Single  Auricle,  "Ventricle,  and  Arterial  BulTb. — 
By  a  continued  increase  of  the  inflection  of  the  heart-tube,  a  change 
in  the  relative  position  of  the  several  parts  is  effected,  so  that  the 
auricular  cavity  comes  to  be  placed  above  or  behind  (dorsally)  and  to 
the  left  of  the  ventricular  part,  the  veins  being  carried  forwards  along 
with  it,  while  the  arterial  bulb  is  attached  by  its  extremity  in  front  to 
the  neck  of  the  embryo  immediately  liehind  the  lower  visceral  plates. 
There  is  as  yet  only  a  single  passage  through  the  heart,  but  the  dis- 
tinction of  the  auricular  and  ventricular  cavities  becomes  more  appa- 
rent, both  by  an  increase  in  the  diameter  of  each,  and  by  the  constric- 
tion which  separates  them,  and  by  the  much  greater  thickness  acquired 
by  the  walls  of  the  ventricular  and  bulbous  parts  as  compared  with  the 
auricular  portion. 

The  three  parts  of  the  heart  have  now  the  appearance  of  being  very 
closely  twisted  together.  The  ventricular  part  becomes  considerably 
wider  transversely,  and  the  auricular  part  shows  two  projecting  pouches, 
one  on  each  side  of  the  arterial  bulb,  which  are  the  first  indications  of 
the  future  auricular  appendages.  At  the  same  time  the  constriction 
between  the  auricular  and  ventricular  parts  increases  considerably,  and 
the  constricted  part  elongating  produces  what  has  been  called  the 
canalis  auricularis. 

Division  of  the  Cavities.  Ventricles. — The  next  series  of  changes 
in  the  developing  heart  consists  in  the  division  of  each  original  single 
cavity  of  the  ventricle,   auricle,  and  arterial  bulb  into  two  compart- 


Fig.  587. — Head   op    the  Embryo   of   the  Dog  with  the  Fig.  587. 

Heart  seen  from  below  (from  Kolliker,  after  Bischoff). 

Magnified.  '* 

a,  cerebral  hemispheres ;  6,  eyes ;  c,  midbrain ;  d,  inferior 
maxillary  plates  ;  e,  superior  maxillary  processes  ;  /,  /',  /", 
second,  third,  and  fourth  branchial  or  visceral  plates  ;  g, 
right,  h,  left  auricle  of  the  heart  ;  Tc,  right,  i,  left  ventricle  ; 
I,  aortic  or  arterial  bulb,  with  three  pairs  of  aortic  or  vascular 
arches  protruding  from  it. 

ments,  so  as  to  form  the  right  and  left  ventricles 
and  auricles,  and  the  stems  of  the  pulmonary 
artery  and  aorta.  The  first  of  these  changes 
occurs  in  the  ventricular  portion,  and  is  to  be 
seen  in  progress  on  the  fourth  day  in  the  chick, 
and  the  sixth  and  seventh  week  in  the  human 
embryo.  The  ventricular  chamber  of  the  heart. 
Increasing  considerably  in  breadth,  that  part  of 
it  which  ultimately  becomes  the  apex  of  the 
heart  is  thrown  towards  the  left  side,   and  in  most  mammals,  and 
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especially  in.  the  human  embryo,  a  blmit  cleft  or  depression  appears 
between  this  and  the  right  part  of  the  ventricle,  which  causes  an 
external  division  into  two  portions  corresponding  to  the  future  right 
and  left  ventricles  ;  and  if  the  interior  of  the  ventricular  cavity  be 
examined  at  this  time,  there  is  perceived  a  crescentic  partition  rising 
from  the  anterior  or  lower  border  of  the  right  wall  and  projecting  into 
the  cavity,  at  first  narrow  and  placed  opposite  the  external  notch,  but 
gradually  growing  more  and  more  towards  the  auriculo -ventricular 
aperture.  As  development  progresses  the  external  division  becomes  more 
or  less  effaced,  when  the  apex  of  the  heart  formed  by  the  left  ventricle 
becomes  more  pointed,  and  the  whole  heart  takes  more  of  the  conical 
form  which  belongs  to  its  more  advanced  condition  ;  but  the  depression 
is  still  perceptible  as  the  interventricular  groove  of  the  adult  heart, 
which,  as  is  well  known,  varies  considerably  in  depth  in  different  cases. 
In  some  animals,  as  the  rabbit,  the  temporary  external  division  of  the 
ventricles  is  greater  than  in  the  human  embryo,  while  in  others,  as  in 
ruminants,  there  is  very  little  of  the  external  notching,  and  in  them,  as 
in  birds,  the  heart  very  early  assumes  the  conical  form.  The  dugong 
presents  a  remarkable  example  of  the  persistence  of  the  complete  ex- 
ternal separation  of  the  ventricles,  and  there  appears  to  be  a  tendency 
to  the  occasional  occurrence  of  the  same  in  the  seal. 

The  internal  septum  of  the  ventricles  continuing  to  rise  between  the 
right  and  left  divisions  of  the  cavity,  reaches  at  last  the  base  where  it 
is  placed  in  relation  with  both  the  auriculo-ventricular  orifice  and  the 
root  of  the  arterial  bulb ;  but  at  this  place  there  remains  for  a  time  a 
communication  over  the  still  free  border  of  the  septum  between  the 
right  and  left  ventricles,  which  is  interesting,  as  this  is  the  seat  of 
the  abnormal  communication  between  the  rigTit  and  left  ventricles  in 
almost  all  cases  of  malformation  of  the  heart  presenting  that  condition. 

Division  of  the  Auricles. — Although  the  auricular  cavity  presents 
externally  some  appearance  of  being  divided  into  two  at  a  period  ante- 
cedent to  the  partition  of  the  ventricles,  in  consequence  of  the  forma- 
tion of  the  right  and  left  auricular  appendages  before  mentioned,  the 
internal  division  of  the  cavity  does  not  take  place  till  some  time  later, 
as  on  the  fifth  and  sixth  days  in  the  chick,  and  in  the  eighth  week  in 
the  human  embryo.  The  auricular  septum  commences  as  an  internal 
fold  proceeding  from  the  anterior  wall  of  the  common  cavity,  and 
starting  from  the  septum  of  the  ventricles,  it  grows  backwards  towards 
the  entrance  of  the  common  vein  or  sinus,  but  stops  short  of  it 
some  distance.  For  a  time,  therefore,  the  veins  enter  the  back  part  of 
the  auricular  cavity  in  common.  It  is  proper  to  explain,  however,  that, 
by  the  time  at  which  the  auricular  septum  is  forming,  the  venous 
sinus  has  been  modified  so  as  to  produce  three  veins  entering  the 
auricle  at  its  back  part.  Of  these,  two  correspond  with  the  right 
superior  cava  and  the  inferior  cava  veins,  and  the  third  to  the  left 
superior  cava  and  connected  with  what  afterwards  becomes  the  coronary 
sinus.  For  a  time,  all  the  three  vessels  open  so  as  to  communicate 
freely  with  the  whole  auricular  cavity.  But  changes  now  occur  which 
cause  the  left  superior  cava  and  the  inferior  cava  to  be  directed  towards 
the  left  side,  while  the  right  superior  cava  is  placed  more  immediately 
in  connection  with  the  right  part  of  the  auricular  cavity. 

The  auricular  septum,  in  extending  itself  backwards,  is  not  completed, 
hut   leaves   an  oval  deficiency  in  its   lower  -  and  middle  part,  as  the 
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foramen  ovale,  and  the  inferior  cava  opens  immediately  behind  this. 
Some  time  later  in  the  human  embryo,  or  in  the  eourse  of  the  tenth  or 
eleventh  weeks,  two  new  folds  make  their  appearance  in  the  auricles 
posteriorly.      One    of  these  constituting    the  EustacMan  valve,  of  a 


Fig.    588.  —  Shows     the     position    and 

FORJI    OP     THE     HeAET     IN      THE      HUMAN 

Ejibryo  from  the  Fourth  to  the  Sixth 

AVEEK. 

A,  upper  half  of  the  body  of  a  human 
embi-yo  of  nearly  four  weeks  old  (from 
Kolliker  after  Coste)  ;  B  and  C,  anterior 
and  posterior  views  of  the  heart  of  a  human 
embryo  of  sis  weeks  (from  Kolliker  after 
Ecker; ;  a,  frontal  lappet ;  h,  mouth  ;  c, 
below  the  lower  jaw  and  in  front  of  the 
second  and  third  branchial  arches  ;  d, 
upper  limb  ;  e,  liver ;  /,  intestine  cut 
short  ;  1,  superior  vena  cava  ;  1',  left 
superior  cava  or  brachio-cephalic  connected 
with  the  coronary  vein  ;  1",  opening  of  the 
inferior  vena  cava ;  2,  2',  right  and  left 
auricles  ;  3,  3',  right  and  left  ventricles  ; 
4,  aortic  bulb. 


Fis. 


crescentic  form,  is  placed  to  the  right  of  the  entrance  of  the  inferior 
vena  cava,  and  in  the  angle  between  it  and  the  orifice  of  the  left  supe- 
rior cava  (or  great  coronary  sinus),  and  besides  separating  these  two 
veins,  and  thus  throwing  the  opening  of  the  left  superior  cava  into 
communication  with  the  right  auricle,  this  fold,  as  it  runs  forward  into 
the  annulus  ovalis  or  border  of  the  anterior  auricular  septum,  has  the 
effect  of  deepening  the  entrance  of  the  inferior  cava  into  a  groove 
which  lies  close  to  the  foramen  ovale,  and  directs  the  blood  entering  by 
that  vessel  through  the  passage  into  the  left  auricle. 

The  other  fold  referred  to  advances  from  the  posterior  wall  of  the 
common  auricle  to  meet  the  anterior  auricular  septum,  but  yet  to  the  left 
of  the  border  of  the  foramen  ovale.  To  this  border,  however,  it  adheres 
as  it  grows  forwards,  and  thus  gradually  fills  up  the  floor  of  the  fossa 
ovalis.  Up  to  the  middle  of  fcetal  life,  this  posterior  septum  being 
incomplete,  there  is  a  direct  passage  from  right  to  left  through  the 
foramen  ;  but,  after  that  period,  the  fold  in  question,  having  advanced 
beyond  the  anterior  border  of  the  annulus  ovalis  and  lying  to  the  left, 
it  does  not  adhere  to  this  or  the  fore  part  of  the  annulus,  but  leaves  a 
passage  between,  and  apjgears  as  a  crescentic  fold  in  the  left  auricle, 
which,  as  it  passes  beyond  the  annulus,  constitutes  a  very  perfect  valve 
against  the  return  of  blood  from  the  left  into  the  right  auricle. 

Division  of  the  Arterial  Bnlb. — The  third  important  change 
occurring  in  the  heart  belongs  to  the  arterial  bulb,  by  which  there  are 
developed  from  this  tube  the  first  parts  or  main  stems  of  the  pulmonary 
artery  and  the  aorta.  Within  the  thick  walls  of  this  arterial  tube 
there  is  at  first  only  a  single  cylindrical  cavity,  continued  from  the 
originally  single  ventricle  ;  but,  a  short  time  after  the  partition  of  the 
ventricular  cavity  has  commenced,  or  in  the  seventh  week  of  the  human 
embryo,  a  division  of  the  bulb  by  an  independent  process  begins  to 
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take  place.  This  consists  in  the  projection  inwards  of  a  lateral  fold 
of  the  wall  on  the  two  sides,  affecting,  however,  only  the  inner  and 
middle  coats,  and  not  perceptible  externally ;  so  as  to  divide  the  cavity 
of  the  bulb  into  two  channels,  which  may  be  described  as  respectively 
anterior  and  posterior,  but  which  from  the  spiral  direction  taken  by 
the  folds  are  somewhat  twisted  on  each  other,  so  that  the  channel  which 
at  the  ventricular  end  is  placed  anteriorly  becomes  connected  with  the 
right  ventricle  and  forms  the  pulmonary  stem,  and  that  which  is  placed 
posteriorly  becomes  connected  with  the  left  ventricle  and  fonns  the 
commencement  of  the  aorta.  In  the  distant  portion  of  the  bulb,  how- 
ever, the  pulmonary  channel  is  situated  to  the  left  and  posteriorly,  and 
the  aortic  channel  is  to  the  right  and  most  forwards,  and  at  this  end 
these  channels  are  respectively  connected  with  different  aortic  arches, 
giving  rise  to  the  permanent  pulmonic  and  systemic  vessels  in  the 
manner  afterwards  described. 

It  is  further  to  be  noted  that  the  partition  of  the  bulb  begins  at  the 
remote  extremity,  and  progresses  towards  the  ventricles.  There  is  a 
time,  therefore,  during  which  the  ventricular  septum,  and  the  septum 
of  the  bulb,  advancing  towards  each  other,  are  incomplete  and  disunited  ; 
and  from  the  difference  in  their  direction  it  is  obvious  that  there  must 
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589. — View  of  the  Front  and  Eight    Side    of    the  Fcetal   Heart, 

MONTHS,    THE    EIGHT    AuEICLE    BEING   LAID    OPEN    (from  Kilian). 


a,  the  right  auriculo-ventriciilar  opening  ;  h,  a  probe  passed  up  the  vena  cava  inferior 
and  through  the  fossa  ovalis  and  foramen  ovale  into  the  left  auricle  ;  c,  vena  cava  inferior  ; 
c,  Eustachian  valve  ;  v,  valve  of  the  foramen  ovale  ;  s',  vena  cava  superior. 

Fig.  590. — View  of   the  Posteeior  and   left   surface  of  the   Heart  of  a  Fcetus 

OF    FOUE   months,    THE    LEFT    AUEICLE    BEING   OPENED    (from  Kilian). 

a,  left  auriculo-ventricular  orifice  ;  c,  inferior  vena  cava,  through  which  a  probe  h,  is 
passed  from  below,  and  thence  by  the  foramen  ovale  into  the  left  auricle ;  e,  left  auricular 
appendage  laid  open  ;  o,  valve  of  the  foramen  ovale  seen  to  be  attached  to  the  left  side  of 
the  annulus  ovalis  of  the  septum. 
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be  a  peculiar  twist  of  one  or  both,  in  order  that  they  may  finally  unite 
so  as  to  become  continuous. 

The  completion  of  the  partition  of  the  aortic  and  pulmonary  stems 
is  afterwards  effected  by  the  progress  of  the  division  from  -within  out- 
wards through  the  external  walls  of  the  tubes ;  but  the  two  vessels 
remain  united  externally  by  a  common  envelope  of  pericardium. 

The  remarkable  cases  sometimes  observed  of  abnormal  transposition 
of  the  two  great  arterial  stems  from  their  natural  connection  with  their 
respective  ventricles  may  be  explained  by  reference  to  the  history  of  the 
development  of  the  parts  of  the  heart  before  given. 

Formation  of  tlie  Valves. — The  formation  of  the  auriculo- ventri- 
cular and  semilunar  valves  begins  during  the  time  of  the  changes 
previously  described  by  the  projection  of  thick  folds  fi-om  the  inner 
wall  of  the  heart.  In  the  case  of  the  semilunar  valves  the  trifid  divi- 
sion is  early  perceived,  but  the  cavities  or  sinuses  within  the  valves 
are  late  of  being  developed.  In  the  auriculo-yentricular  valves  there 
is  at  first  an  entire  or  annular  projecting  fold  of  the  inner  substance 
round  the  orifice,  and  this  becomes  gradually  divided  into  segments, 
and  the  chordae  tendine^  are]  gradually  produced  by  perforation  of  the 
valve  plate.     (See  Tonge  in  Proceed.  Roy.  Soc,  1868.) 

The  manner  in  which  the  pulmonary  veins,  which  are  formed 
separately  in  the  lungs,  come  to  be  connected  with  the  left  auricle  has 
not  yet  been  ascertained. 

No  further  important  changes  occur  in  the  internal  structure  of  the 
heart,  but  there  are  some  which  affect  the  external  form  and  thickness 
of  its  walls.  In  early  foetal  life  the  size  of  the  heart  bears  a  consider- 
ably greater  proportion  to  that  of  the  body  than  at  a  later  period.  At 
birth  it  is  still  proportionally  large.  For  some  time  the  auricular 
portion  remains  more  voluminous  than  the  ventricular,  but  in  the  latter 
half  of  foetal  life  the  permanent  proportion  is  more  nearly  established. 
The  walls  of  both  ventricles  are  also  thicker  than  in  after  life,  and  it  is 
especially  deserving  of  notice  that  the  wall  of  the  right  is  up  to  near 
the  time  of  birth  quite  as  thick  as  that  of  the  left, — a  peculiarity 
which  may  be  connected  with  the  office  of  the  right  ventricle  to  propel 
the  blood  of  the  foetus  through  the  extended  course  of  the  ductus  arte= 
riosus,  the  descending  aorta  and  the  placental  circulation. 

DEVELOPMENT    OF    THE    BLOOD-VESSELS. 

The  Principal  Arteries.  The  Aorta. — The  most  interesting  part 
of  this  history  is  that  relating  to  the  development  of  the  aorta  and  the 
larger  vessels  arising  from  it.  The  double  condition  of  the  main  trunk 
of  the  aorta  has  already  been  referred  to  as  existing  in  the  chick  up  to 
near  the  end  of  the  second  day.  About  the  fortieth  hour  the  median 
fusion  or  coalescence  of  the  two  vessels  begins  to  take  place  in  the 
dorsal  region,  by  their  external  union,  at  first  in  a  very  limited  space, 
and  very  soon  afterwards  by  the  formation  of  a  perforation  through 
their  united  walls.  The  union  of  the  two  vessels  which  begins  in  the 
dorsal  region  extends  itself  backwards  towards  the  lumbar  vertebrse,  and 
when  it  reaches  the  place  where  the  omphalo-mesenteric  arteries  pass 
out  on  each  side,  these  vessels,  each  of  which  was  originally  the  con- 
tinuation merely  of  one  of  the  aortee,  appear  now  as  branches  of  a  single 
and  median  aorta.     The  iliac  vessels  are  the  next  large  vessels  formed 
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from  the  hinder  part  of  the  aorta.     The  first  vessels  belonging  to  these 
trunks  are  not,  however,  those  of  the  lower  limbs,  for  these  are  not  yet 
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Fig.  591. — Transverse   Section  through  the  Dorsal  Region  op    an  Eiibrto-Chick 
OP  THE  Second  Day  (from  Foster  and  Balfour,  after  His). 
M,  medullary  canal ;  Pv,  proto -vertebral  column  ;  w,  rudiment  of  Wolffian  duct  in  tlie 
intermediate  mass ;    Ch,  notocliord  ;    Ao,  one  of  the  two  aortas  ;   A,  epiblast  ;  C,  hypo- 
blast ;  J3C,  splanchnopleure ;  -Pp,  pleurox^eritoneal  space. 

formed  ;  but  the  umbilical  or  hypogastric  arteries,  developed  at  a  very 
early  period  in  connection  with  the  allantois,  and  subsequently  attain- 

Fig.  592. 


Ficf.  592. — Transverse  section  through  the  Dorsal  region  op  an  Eiibrto  Chick, 
END  op  Third  Day  (from  Foster  and  Balfour). 

.  Am,  amnion  ;  m p,  muscle  plate  ;  CV,  cardinal  vein;  Ao,  dorsal  aorta  at  the  point 
-where  its  two  roots  begin  to  join  ;  Ch,  notochord  (the  line  does  not  quite  reach  it)  ;  Wd, 
"Wolffian  duct ;  Wb,  commencement  of  formation  of  Wolffian  body  ;  ep,  epiblast  ;  so, 
somatopleure  ;  Sp,  splanchnopleure  ;  hy,  hypoblast.  The  section  passes  through  the 
place  where  the  alimentary  canal  {7iy)  communicates  with  the  yolk-sac. 
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ing  to  a  large  size  along  with  the  growth  of  the  placenta.  As  the 
limbs  are  formed,  arteries  are  developed  in  them,  and  these  are  branches 
of  the  main  aorta  ;  but  they  are  for  a  long  time  comparatively  small, 
while  the  nmbilical  arteries  speedily  attain  a  large  size,  so  that,  even  up 
to  the  conclusion  of  foetal  life,  they  appear  to  form  the  principal  part  of 
the  two  large  vessels  into  which  the  aorta  divides  at  its  lower  extremity. 
The  middle  sacral  artery  may  be  looked  upon  as  the  continuation  of  the 
median  stem  of  the  aorta,  and  probably  originates  from  a  double  vessel 
in  the  same  manner  as  the  aorta  itself. 

The  double  state  of  tlie  main  aorta  when  first  formed  in  the  foetus  was  dis- 
covered by  Serres,  and  described  by  him  in  his  4th  Memoir  on  Transcendental 
Anatomy  (Annal.  des  Scien.  Nat.,  1830),  but  was  doubted  by  Von  Baer,  as 
Serres's  observations  did  not  show  the  relation  of  the  primitive  trunks  of  the 
aorta  to  the  pharyngeal  vascular  arches.  The  fact  of  the  original  double  condi- 
tion was,  however,  placed  beyond  doubt  by  Allen  Thomson  (Edin.  New  Philos, 
Journal,  1830)  by  the  method  of  tranverse  sections,  then  first  employed  as  a 
means  of  embryological  investigation,  and  the  process  of  median  union  was 
traced  in  full  detail.  The  relation  of  this  process  to  the  occurrence  of  a  perma- 
nent double  canal  in  the  aorta  as  a  malf  oiTaation,  as  described  by  Yrolik.  Schroder 
van  der  Kolk  and  Cruveilhier,  and  obseiwed  in  at  least  one  case  by  Allen  Thomson, 
has  akeady  been  refen-ed  to  in  vol.  i.,  p.  350. 

According  to  Serres,  the  vertebral  arteries  within  the  cranium  are  originally 
separate,  and  the  basilar  artery  results  from  their  mesial  union  or  fusion  in  the 
same  manner  as  occui's  in  the  aorta,  and  the  median  union  of  the  anterior  cere- 
bral arteries  in  the  forepart  of  the  Circle  of  "Willis  is  another  example  of  the 
same  process.  ■  It  seems  probable  that  the  internal  cross  band  observed  by  John 
Davy  in  the  interior  of  the  basilar  artery  (Researches  Physiol,  and  Anatom., 
1839,  p.  301)  may  be  a  remains  of  the  septum  or  united  walls  of  the  two  vertebral 
arteries. 

Aortic  or  Branchial  Arches. — The  two  primitive  arterial  arches 
which  lead  into  the  dorsal  aorta  from  the  arterial  bulb  of  the  rudi- 
mentary heart,  at  the  time  of  the  establishment  of  the  first  circtilation, 
are  the  most  anterior  of  a  series  of  five  pairs  of  vascular  arches  which 
are  developed  in  succession  round  this  part  of  the  pharynx  ;  and  which, 
since  their  discovery  by  Eathke  in  1825  (Oken's  Isis,  1825)  have  been 
regarded  with  much  interest,  as  corresponding  with  those  vessels  which 
are  the  seat  of  development  of  the  subdivided  blood-vessels  of  the  gills  in 
fishes  and  amphibia.  These  vascular  arches  thus  exhibit  in  the  amniota, 
along  with  the  branchial  or  pharyngeal  clefts  and  visceral  plates,  a  typical 
resemblance  to  the  structure  of  gills,  although  no  ftill  development 
of  these  respiratory  organs  occurs  in  such  animals,  but  they  famish  by 
their  various  transformations  the  basis  of  formation  of  the  permanent 
pulmonary  and  aortic  stems  and  the  main  vessels  to  which  they  give 
rise. 

The  form  and  position  of  the  primitive  aortic  arches,  up  to  the  time 
of  their  transformation  into  permanent  vessels,  is  nearly  the  same  in 
reptiles,  birds  and  mammals  ;  and  the  main  dilferences  in  the  seat  and 
distribution  of  the  large  permanent  vessels  are  to  be  traced  to  changes 
in  the  openness  and  extent  of  growth  of  the  several  arches.  The  five 
pairs  of  arches  do  not  all  co-exist  at  the  same  time,  for  they  are  deve- 
loped in  succession  from  before  backwards,  and  by  the  third  day  of 
incubation,  or  by  the  corresponding  period  of  the  fourth  week  in  the 
human  embryo,  when  the  posterior  arches  have  been  formed,  already  a 
part  of  the  anterior  arches,  beginning  with  the  first  one,  has  become 
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obliterated.  Each  of  the  first  four  branchial  arches  occupies  a  place  iu 
the  substance  of  the  pharyngeal  or  visceral  plates,  and  in  front  of  one 
of  the  pharyngeal  clefts.  The  first  or  anterior  is  therefore  situated  in 
the  inferior  maxillary  plate,  and  in  front  of  the  tympano-Eustachian,  or 
first  pharyngeal  cleft  ;  and  the  fifth  arterial  arch  is  placed  behind  the 
fourth  pharyngeal  cleft,  and  in  the  substance  of  the  neck,  in  which  there 
is  no  distinct  bar  or  plate  in  the  higher  animals,  but  which  is  the  seat 
of  a  developed  branchial  bar  in  some  aquatic  animals. 

The  vessels  forming  the  arterial  arches  are  given  ofp  on  each  side  in 
succession  from  two  short  canals,  into  which  the  primitive  arterial  bulb 
divides  immediately  in  front  of  the  place  where  it  joins  the  neck. 
These  may  be  named  the  lower  (ventral)  or  anterior  aortic  roots  ;  and 
similarly,  when  they  have  passed  round  the  wall  of  the  pharynx,  the 
branchial  arches  unite  in  succession  into  a  vessel  on  each  side^  thus 
forming  the  upper  (dorsal)  or  posterior  aortic  roots. 

On  the  third  and  fourth  days  in  the  chick,  and  from  the  fourth  to 
the  sixth  week  in  the  human  embryo,  there  are  still  three  complete 
pairs  of  arterial  arches  passing  round  the  pharynx,  and  connected  both 
before  and  behind  with  the  anterior  and  posterior  aortic  roots  previously 
mentioned.  The  transformations  of  these  arches  were  in  part  traced 
by  Von  Baer  and  various  other  observers,  but  the  fuller  knowledge  of 
their  changes  is  due  to  the  later  researches  of  Eathke   (Mem.  of 


Fig.  593.  Fig.   593. — Diagram    of   the    Aortic  or 

.,  Branchial  Vascular  Arches   of   the 

Mammal,  with  their  transformations 

GIVING  RISE  to  THE  PERMANENT  ArTERIAL 

Vessels  (according    to  Eathke,  slightly 
altered). 

A,  P,  primitive  arterial  stem  or  aortic 
bulb,  now  divided  into  A,  the  ascending 
part  of  the  aortic  arch,  and  P,  the  piil- 
monary  ;  <i,  the  right  ;  a',  the  left  aortic 
root  ;  A',  the  descending  aorta.  On  the 
right  side,  1,  2,  3,  4,  5,  indicate  the  five 
branchial  primitive  arterial  arches  ;  on  the 
left  side,  I,  II,  III,  IV,  the  four  branchial 
clefts,  which,  for  the  sake  of  clearness,  have 
been  omitted  on  the  right  side.  It  will  be 
observed,  that  while  the  fourth  and  fifth 
pairs  of  arches  rise  from  the  part  of  the 
aortic  bulb  or  stem,  which  is  at  first  un- 
divided, the  first,  second,  and  third  pairs 
are  branches  above  c,.  of  a  secondary  stem 
on  each  side.  The  permanent  systemic 
vessels  are  represented  in  deep  shade,  the 
pulmonary  arteries  lighter  ;  the  parts  of 
the  primitive  arches,  which  have  only  a 
temporary  existence,  are  drawn  in  outline  only,  c,  placed  between  the  permanent  com- 
mon carotid  arteries  ;  ce,  the  external  carotid  arteries  ;  ci,  ci',  the  right  and  left  internal 
carotid  arteries  ;  s,  the  right  subclavian  rising  from  the  right  aortic  root  beyond  the 
fifth  arch  ;  v,  the  right  vertebral  from  the  same  opposite  the  fourth  arch  ;  v',  s',  the 
left  vertebral  and  subclavian  arteries  rising  together  from  the  left  or  permanent  aortic 
root  opposite  the  fourth  arch  ;  P,  the  pulmonary  arteries  rising  together  from  the  left 
fifth  arch  ;  d,  the  outer  or  back  part  of  the  left  fifth  arch,  forming  the  ductus  arteriosus  ; 
pn,  p7i',  the  right  and  left  pneumogastric  nerves,  descending  in  front  of  the  aortic 
arches,  with  their  recurrent  branches  represented  diagrammatically  as  passing  behind, 
with  a  view  to  illustrate  the  relations  of  these  nerves  respectively  to  the  right  subclavian 
artery  (4)  and  the  arch  of  the  aorta  and  ductus  arteriosus  {d). 
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Vienna  Acad.,  1857),  and  altliougli  some  ^points  are  still  left  in 
doubt,  their  history  may  now  be  given  from  these  observations,  and  the 
supplemental  illustration  derived  from  the  investigation  of  the  various 
examples  of  congenital  malformation,  the  greater  number  of  which  are 
manifestly  related  to  variations  in  the  natural  mode  of  transformation. 
This  will  be  explained  by  reference  to  the  diagram  in  fig.  593. 

From  these  researches  it  appears  that  the  permanent  vessels  owe 
their  formation  to  the  persistence  of  certain  of  tlie  foetal  arches  or 
parts  of  them,  while  other  arches  or  portions  of  them  become  oblite- 
rated and  disappear.  Thus  it  is  ascertained  that  in  mammals  the  main 
aortic  arch,  which  in  the  adult  passes  to  the  left  of  the  trachea  and 
gullet,  is  formed  by  the  persistence  of  the  fourth  embryonic  arterial  arch 
of  the  left  side,  which  not  only  remains  patent,  and  becomes  con- 
nected with  the  aortic  stem  of  the  arterial  bulb,  but  keeps  pace  by  its 
increased  Avidth  and  the  development  of  its  walls  with  the  rate  of  growth 
in  the  other  parts  of  the  body,  so  that  it  soon  surpasses  all  the  rest 
of  the  arches  in  its  width  of  calibre  and  thickness  of  its  walls.  In 
birds,  however,  the  permanent  aortic  arch  passes  to  the  right  of  the 
trachea  and  gullet,  and  it  is  formed  by  the  persistence  of  tlie  fourth 
embryonic  arch  of  the  right  side ;  while,  in  all  reptiles,  as  there  are 
two  permanent  aortic  arches,  it  is  by  the  persistence  of  botli  the  right 
and  left  foetal  arches  that  the  two  aortas  are  produced,  the  right 
being  that  which  is  most  directly  connected  with  the  systemic  or  left 
ventricle. 

The  pulmonary  arteries  of  mammals  would  appear  by  Eathke's 
observations  to  be  developed  in  connection  with  only  one  foetal  arterial 
arch,  viz.,  the  fifth  of  the  left  side,  from  the  middle  part  of  which 
they  appear  as  branches,  and  the  whole  fifth  arch  of  the  right  side 
undergoes  rapid  atrophy  and  ultimate  obliteration.  The  first  part  of 
the  left  fifth  arch,  becoming  the  common  pulmonary  artery,  is  connected 
with  that  division  of  the  arterial  bulb  which  is  separated  as  the  pulmo- 
nary stem  ;  but  the  remote  part  of  this  arch  also  remains  fully  patent, 
and  undergoing  equally  with  the  rest  of  it  full  development,  continues 
to  lead  into  the  left  root  of  the  aorta  as  ductus  arteriosus  Botalli, 
which  serves  to  convey  the  blood  from  the  right  ventricle  of  the  foetal 
heart  into  the  descending  aorta,  but  becomes  obliterated  at  the  time  of 
birth. 

This  duct  is  therefore  in  mammals  due  to  a  persistent  condition  of 
the  fifth  left  branchial  arch.  But,  in  birds  and  reptiles,  it  appears  that  the 
process  of  transformation  is  somewhat  different,  for  in  them  the  right 
and  left  pulmonary  arteries  (excepting  in  those  serpents  in  which  there 
is  only  one  lung  developed)  are  formed  in  connection  with  the  respec- 
tive right  and  left  fifth  branchial  arches,  and  there  are  thus  two  ductus 
arteriosi  during  foetal  life,  the  short  one  of  the  right  side  corresponding 
to  that  which  is  left  in  mammals,  and  the  longer  one  of  the  left  side 
passing  round  the  pharynx  into  the  left  aortic  root.  Both  of  these 
arches  are  obliterated  at  the  time  of  the  exclusion  of  the  bird  from 
the  Q^g  ;  but  in  some  reptiles  the  ductus  arteriosi  remain  permanently 
open  during  life. 

The  subclavian  and  vertebral  arteries  were  shown  by  Eathke  to  spring 
fi-om  the  posterior  aortic  roots  at  a  place  between  the  junction  of  the 
fourth  and  fifth  arches.  In  mammals,  the  vessels  on  the  left  side  are 
from  the  first  in  direct  connection  with  the  aortic  root  at  the  place 
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which  they  permanently  occupy ;  but  upon  the  right  side,  as  the  fourth 
arch  and  the  aortic  root  are  obliterated  posteriorly,  the  passage  for 
blood  from  the  aortic  stem  into  the  subclavian  trunk  is  formed  by  the 
persistence  of  the  forepart  of  the  fourth  right  arch  as  far  as  the  place 
where  it  meets  the  origin  of  the  subclavian  and  vertebral  arteries. 

The  common  carotid  trunks,  occupying  the  region  which  afterwards 
becomes  the  neck,  but  which  is  at  first  absent  or  extremely  short,  are 
formed  by  the  anterior  divisions  of  the  aortic  roots  ;  while  the  external 
carotid  artery  is  due  to  the  persistence  of  a  channel  in  the  continuation 
of  each  anterior  aortic  root,  and  the  internal  carotid  artery  arises  from 
the  persistence  of  the  crossing  third  arch  and  the  upper  part  of  the 
posterior  aortic  root. 

Thus  it  falls  out  that,  in  man  and  a  certain  number  of  mammals,  an 
innominate  artery  is  formed  on  the  right  side  by  the  union  of  the  first 
part  of  the  fourth  right  aortic  arch  leading  into  the  right  subclavian, 
and  the  right  anterior  aortic  root  which  forms  the  common  carotid  ; 
while,  on  the  left  side,  the  carotid  and  subclavian  vessels  rise  separately 
from  the  permanent  aortic  arch  in  consequence  of  the  distance  lying 
between  them  in  the  original  foetal  condition. 

It  does  not  come  within  the  scope  of  this  chapter  to  describe  the 
further  steps  of  development  of  these  vessels,  nor  to  enter  into  an 
explanation  of  the  manner  in  which  abnormal  position  of  the  arch  of 
the  aorta  and  its  branches,  or  of  the  pulmonary  arteries,  may  be  sup- 
posed to  arise.  For  further  information  on  this  subject  the  reader  is 
referred  to  the  short  account  of  the  varieties  given  in  the  description  of 
the  blood-vessels  in  the  first  volume  of  this  work,  as  well  as  to  the  third 
volume  of  Henle'sHandbuch,  and  to  the  special  works  of  Tiedemann 
and  Eichard  Quain  on  the  Arteries. 

DEVELOPMENT    OP    THE     GEEAT    VEINS. 

In  the  early  embryo,  before  the  development  of  the  allantois,  a  rig-ht  and  a 
left  omphalo-mesenteric  vein  bring  back  the  blood  from  the  walls  of  the  um- 
bilical vesicle,  and  unite  to  form  a  short  trunk,  the  meatus  venosus,  which  is 
continued  into  the  auricular  extremity  of  the  rudimentary  heart. 

In  the  first  commencement  of  the  placental  cii'culation,  or  in  the  fouilh  week 
of  foetal  life,  two  umbilical  veins  are  seen  coming  from  the  placenta,  and  uniting 
to  form  a  short  trunk,  which  opens  into  the  common  omphalo-mesenteric  vein. 
Very  soon  the  right  omphalo-mesenteric  vein  and  right  umbilical  vein  disappear. 
In  connection  with  the  common  trunk  of  the  umbilical  and  omphalo-mesenteric 
veins,  two  sets  of  vessels  make  their  appearance  in  the  young  liver.  Tliose 
furthest  from  the  heart,  named  vencs  hepatica  advehentes,  become  the  right  and 
left  divisions  of  the  portal  vein  ;  the  others  are  the  hepatic  veins,  fencB  licpaticcB 
reveJientcft.  The  portion  of  vessel  intervening  between  those  two  sets  of  veins 
forms  the  ductus  venosus,  and  the  part  above  the  hepatic  vein,  being  subse- 
quently joined  by  the  ascending  vena  cava,'  forms  the  upper  extremity  of  that 
vein.  Intq  the  remaining  or  left  omphalo-mesenteric  vein,  open  the  mesen- 
teric and  splenic  veins.  The  part  above  the  latter  forms  the  tmnk  of  the  jDortal 
vein ;  and  the  portion  of  vessel  between  the  union  of  this  with  the  umbilical 
vein  and  the  origin  of  the  vense  hepaticEe  advehentes  is  so  altered  that  the  portal 
trunk  opens  into  the  commencement  of  the  right  vena  advehens. 

At  the  time  of  the  commencement  of  the  placental  cu-culation,  two  short  trans- 
verse venous  trunks,  the  ducts  of  CvrAcr,  open,  one  on  each  side,  into  the  auricle 
of  the  heart.  Each  is  formed  by  the  union  of  a  superior  and  an  inferior  vein, 
named  the  primitive  jugular  and  the  cardinal. 

The  _;»?'i»t/Y'ire  jugular  vein  receives  the  blood  from  the  cranial  cavity  by 
channels  in  front  of  the  ear,  which  are  subsequently  obliterated  :  in  the  greater 
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part  of  its  extent  it  becomes  the  external  jugular  vein  ;  and  near  its  lower  end 
it  receives  small  branches,  which  grow  to  be  the  external  jugular  and  subclavian 


Fig.      594.  DiAGKAMS      ILLUSTRATIXG 

THE     DEVELOPMENT      OP      THE      GrEAT 

Yeins  (after  KoUiker). 

A,  plan  of  the  principal  veins  of  the 
fcetus  of  about  four  weeks,  or  soon  after 
the  first  formation  of  the  vessels  of  the 
liver  and  the  vena  cava  inferior. 

B,  veins  of  the  liver  at  a  somewhat 
earlier  period. 

C,  principal  veins  of  the  foetus  at  the 
time  of  the  first  establishment  of  the 
placental  cu-culation. 

D,  veins  of  the  liver  at  the  same 
period. 

dc,  the  right  and  left  ducts  of  Cuvier  ; 
ca,  the  right  and  left  cardinal  veins  ; 
j.  j.the  jugular  veins  ;  s,  the  subclavian 
veins  ;  az,  the  azygos  vein  ;  u,  the  um- 
bilical or  left  umbilical  vein  ;  u',  in  B, 
the  temporary  right  umbilical  vein  ;  o, 
the  omphalo -mesenteric  vein  ;  o',  the 
right  omphalo-mesenteric  vein  ;  m,  the 
mesenteric  veins  ;  _p,  the  portal  vein ; 
p',  p',  the  vente  advehentes  ;  I,  the  duc- 
tus venosus  ;  V,  I',  the  hepatic  veins  ; 
ci,  vena  cava  inferior  ;  il,  the  division 
of  the  vena  cava  inferior  into  common 
iliac  veins  ;  cr,  the  external  iliac  or 
crural  veins  ;  li,  the  hypogasti'ic  or  in- 
ternal iliac  veins,  in  the  line  of  continua- 
tion of  the  primitive  cardinal  veins. 

In  C,  U,  in  dotted  lines,  the  trans- 
verse branch  of  communication  between 
the  jugular  veins  which  forms  the  left 
innominate  vein  ;  ri,  the  right  innomi- 
nate vein  ;  ccd,  the  remains  of  the  left 
cardinal  vein  by  which  the  superior 
intercostal  veins  fall  into  the  left  in- 
nominate vein  ;  above  p,  the  obliquely 
crossing  vein  by  which  the  hemiazygos 
joins  the  azygos  vein. 


Fig.  594. 


veins.  The  cardinal  'veins  are  the  primitive  vessels  which  return  the  blood  from 
the  Wolffian  bodies,  the  vertebral  column,  and  the  parietes  of  the  trunk.  The 
inferior  vena  cava  is  a  vessel  of  later  development,  which  opens  into  the  trunk 
of  the  umbilical  and  omphalo-mesenteric  veins,  above  the  venee  hepaticee  reve- 
hentes.  The  iliac  veins,  which  unite  to  form  the  inferior  vena  cava,  communis 
cate  with  the  cardinal  veins.  The  inferior  extremities  of  the  cardinal  veins  are 
persistent  as  the  internal  iliac  veins.  Above  the  iliac  veins  the  cardinal  veins 
are  obliterated  in  a  considerable  part  of  then-  course  ;  their  upper  portions  then 
become  continuous  with  two  new  vessels,  thejoif^-io?'  vertebral  veins  of  Eathke, 
which  receive  the  limibar  and  intercostal  twigs. 

As  development  proceeds,  the  direction  of  the  ducts  of  Cuvier  is  altered  by  the 
descent  of  the  heart  from  the  cervical  into  the  thoracic  region,  and  becomes 
continuous  with  that  of  the  primitive  jugular  veins.  A  communicating  branch 
makes  its  appearance,  directed  transversely  from  the  junction  of  the  Jeft  sub- 
clavian and  jugular  veins,  downwards,  and  across  the  middle  line  to  the  right 
jugular  ;  and  further  down  in  the  dorsal  region  between  the  posterior  verteljral 
veins  a  communicating  branch  passes  obliquely  across  the  middle  line  from  right 
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to  left.  The  commtmicating  brancli  between  tlie  primitive  jugular  veins  is 
converted  into  the  left  innominate  vein.  The  portion  of  vessel  between  the 
rio-ht  subclavian  vein  and  the  termination  of  the  communicating  branch  becomes 


Fig.  595. 


Fig.  595.— A  and  B. — Diagramjiatic  Outlines  op  the  Vestige  of  the  Left  Sttpeeioe 
Cava  and  of  a  Case  of  its  Persistence  (sketched  after  Marshall).     ^ 

A,  brachio-cephalic  veins  with  the  superior  intercostal,  azygos,  and  principal  cardiac 
veins. 

B,  the  same  in  a  case  of  persistence  of  the  left  superior  cava,  showing  its  communication 
with  the  sinus  of  the  coronary  vein.  The  views  are  su^Dposed  to  be  from  before,  the  parts 
of  the  heart  being  removed  or  seen  through. 

1,  1',  the  internal  jugular  veins  ;  2,  2',  subclavian  veins  ;  3,  right  innominate  ;  3',  right 
or  regular  superior  cava  ;  4,  in  A,  the  left  innominate  ;  in  B,  the  transverse  or  communi- 
cating vein  between  the  right  and  left  superior  vence  cavaj  ;  5,  in  A,  the  opening  of  the 
superior  intercostal  vein  into  the  innominate  ;  5',  vestige  of  the  left  superior  cava  or  duct 
of  Cuvier  ;  5,  5',  in  B,  the  left  vena  cava  superior  abnormally  persistent,  along  with  a 
■contracted  condition  of  4,  the  communicating  vein  :  6,  the  sinus  of  the  coronary  vein  ;  6', 
branches  of  the  coronary  veins  ;  7,  the  superior  intercostal  trunk  of  tlie  left  side,  or  left 
cardinal  vein  ;  8,  the  principal  azygos  or  right  cardinal  vein  ;  7',  8',  some  of  the  upper 
intercostal  veins  ;  .9,  the  opening  of  the  inferior  vena  cava,  with  the  Eustachian  valve. 


the  right  innominate  vein.  The  portion  of  the  primitive  jugular  vein  below  the 
communicating  vein,  together  with  the  right  duct  of  Cuvier,  forms  the  vena  cava 
superior,  while  the  cardinal  vein  opening  into  it  is  the  extremity  of  the  great 
vena  azj^gos.  On  the  left  side,  the  portion  of  the  primitive  jugular  vein  placed  ' 
below  the  communicating  branch,  and  the  cardinal  and  posterior  vertebral  veins, 
together  with  the  cross  branch  between  the  two  posterior  vertebral  veins,  are 
converted  into  the  left  superior  intercostal  and  left  superior  and  inferior  azygos 
veins.  The  variability  in  the  adult  arrangement  of  these  vessels  depends  on  the 
various  extent  to  which  the  originally  continuous  vessels  are  developed  or 
atrophied  at  one  point  or  another.  The  left  duct  of  Cuvier  is  obliterated,  except 
at  its  lower  end,  which  always  remains  pervious  as  the  coronary  sinus.  Even  in 
the  adrdt,  traces  of  the  existence  of  this  vessel  can  always  be  recognised  in  the 
form  of   a   fibrous   band,  or  sometimes   even  a  narrow  vein,  which   descends 
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obliquely  on  the  left  auricle  ;  and  in  front  of  tlie  root  of  tlie  left  lung-  there 
remains  a  small  fold  of  the  serous  membrane  of  the  pericardium,  the  vestigial 
fold  of  the  pericardium,  so  named  by  Marshall,  to  whom  is  due  the  first  full 
elucidation  of  the  nature  and  relations  of  the  left  primitive  vena  cava. 

The  left  duct  of  Cuvier  has  been  observed  persistent  as  a  small  vessel  in  the 
adult.  Less  frequently  a  right  and  left  innominate  vein  open  separately  into 
the  right  ataicle.  an  arrangement  which  is  also  met  with  in  birds  and  in  certain 
mammals,  and  which  results  from  the  vessels  of  the  left  side  being  developed 
similarly  to  those  of  the  right,  while  the  cross  branch  remains  small  or  absent. 
(Quain  on  the  Arteries,  plate  58,  figs.  9  and  10.) 


Fig.  596. — View  op  the  F(etal  Heakt 
AND   Great  Vessels,  prom  the  left 

SIDE,     TO     SHOW     the    VeSTIGE    OF    THE 

Left  Superior  Cava  Vein  in  situ. 
(This  figure  is  planned  after  one  of 
Marshall's,  and  slightly  altered  accord- 
ing to  an  original  dissection.) 

a,  right  anricle  ;  5,  left  amicle  and 
pulmonary  veins  ;  c,  the  conns  arteriosus 
of  the  right  ventricle  ;  d,  the  left  ven- 
tricle ;  e,  descending  aorta ;  + ,  vestigial 
fold  of  the  pericardium  ;  /,  arch  of  the 
aorta,  with  a  part  of  the  pericardium 
remaining  superiorly  ;  g,  main  pulmonary 
artery  and  ductus  arteriosus  ;  g',  left  pul- 
monary artery  ;  1,1',  right  and  left  in- 
ternal jugular  veins ;  2,  2',  subclavian 
veins  ;  3,  3',  right  innominate  and  superior 
vena  cava  ;  4,  left  innominate  or  com- 
municating vein  ;    5,   5',   remains  of  the 

left  superior  cava  and  duct  of  Cuvier,  passing  at  -1-  in  the  vestigial  fold  of  the  pericardium, 
joining  the  coronary  sinus,  6,  below,  and  receiving  above  the  superior  intercostal  vein,  7  ; 
T,  7',  the  upper  and  lower  intercostal  vein,  joining  into  one. 


A  case  is  recorded  by  Gruber,  in  which  the  left  vena  azygos  opened  into  the 
coronary  sinus,  and  was  met  by  a  small  vein  descending  from  the  union  of  the 
subclavian  and  jugular.  (Eeichert  and  Dubois,  Reymond's  Archiv,  1864,  p.  729.) 
In  this  case,  the  jugular  veins  had  been  developed  in  the  usual  manner,  while 
the  left  vena  azygos  continued  to  pour  its  blood  into  the  duct  of  Cuvier. 

(Consult  KoUiker,  Entwickelungsgeschichte,  p.  414,  et  seq.  ;  J.  Marshall  on 
the  Development  of  the  great  Anterior  Veins  in  Man  and  Mammalia,  in  Phil. 
Trans.,  pari;  i.,  1850  ;  and  Wenzel  G-ruber,  Uber  die  Sinus  Communis  und  die 
Valvulas  der  Venee  Cardiacse,  &c.,  in  Mem.  de  I'Acad.  imper.  des  Scien.  de  St. 
Petersbourg,  1864  ;  and  in  Virchow's  Archiv,  Jan.  1865.) 

PECULIARITIES    OF    THE     FCETAL    ORGANS    OF    CIRCULATION. 

It  may  be  useful  here  to  recapitulate  shortly  the  peculiarities  of 
structure  existing  in  the  advanced  stage  of  the  formation  of  the  foetal 
organs  of  circulation  with  reference  to  their  influence  in  determining 
the  course  of  the  blood  during  intra-uterine  life,  and  the  changes  which 
occur  in  them  in  consequence  of  the  establishment  of  pulmonary  respi- 
ration at  birth. 

The  so-called  foramen  oirale  retains  the  form,  of  a  free  oval  opening 
in  the  septum  auricularum  up  to  the  fourth  month,  but  in  the  course  of 
that  month  and  the  next  there  takes  place  the  growth  from  below  and 
on  the  left  side  of  a  flat  plate  or  curtain,  which  advancing  upwards  fills 
up  the  floor  of  the  fossa  ovalis,  adheres  to  its  left  borders  as  far  as  its 
anterior  part,  and  then  becoming  free  and  passing  beyond  the  anterior 
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border  of  the  fossa,  converts  the  aperture  into  an  oblique  passage  or 
slit  over  the  valvular  margin  of  the  fold,  so  that  in  the  last  three  and  a 
half  months  the  arrangement  is  completed,  by  which  blood  may  readily 
pass  from  the  right  into  the  left  auricle,  but  not  in  a  contrary  direction. 

The  EustacMan  Valve  constitutes  a  crescentic  fold  of  the  lining 
structure  of  the  heart,  which  is  situated  to  the  right  of  the  opening  of 
the  inferior  vena  cava  and  fossa  ovalis,  deepens  that  fossa,  and  directs 
the  blood  entering  it  from  the  inferior  cava  towards  the  opening  of  the 
foramen  ovale  ;  while  it  throws  the  opening  of  the  great  coronary  vein 
into  connection  with  the  right  auricle,  into  which  the  superior  vena 
cava  also  opens. 

The  formation  at  an  early  period  of  foetal  life  of  the  transverse  vein 
of  the  neck  uniting  the  left  with  the  right  brachio-cephalic  veins, 
carries  the  whole  of  the  blood  returning  from  the  head  and  neck,  toge- 
ther with  that  from  the  main  azygos,  into  the  stream  entering  the  heart 
by  the  superior  cava. 

The  ductus  arteriosus  passes  from  the  main  pulmonary  artery  into 
the  aorta,  at  the  hollow  part  of  the  arch,  a  short  distance  beyond  the 
place  of  origin  of  the  left  subclavian  artery.  It  is  nearly  of  the  same 
width  with  the  pulmonary  stem,  while  the  right  and  left  pulmonary 
arteries  are  of  comparatively  small  size,  so  long  as  the  lungs  have 
not  been  expanded  by  air  in  respiration. 

Umbilical  Vessels. — Besides  the  usual  branches  of  the  descending  aorta 
intended  to  supply  the  abdominal  viscera  and  the  lower  limbs,  two  large  vessels, 
named  hypogastric  or  umbilical  arteries,  are  prolonged  from  the  common  iliacs, 
and  passing  out  of  the  abdomen,  proceed  along  the  umbilical  cord,  coiling  round 

Fig.  597. — Semi-diagrammatic  view  of  the  Organs  of  Circulation  in  the  F(etus 
FROM  BEFORE  (from  LuscKka,  modified,  and  from  Nature).     § 

a,  front  of  the  thyroid  cartilage ;  6,  right  side  of  the  thyroid  body ;  c,  trachea ;  d, 
surface  of  the  right  lung  turned  outwards  from  the  heart ;  e,  diajjhragm  below  the  apex 
of  the  heart ;  /,  right  lobe  of  the  liver,  dissected  to  show  ramifications  of  the  portal  and 
hepatic  veins  ;  /',  the  middle  jpart  and  left  lobe  of  the  liver  in  the  same  manner,  showing 
branches  of  the  umbilical  veins  and  ductus  venosus  ;  g,  right,  g',  left  kidney  ;  g" ,  supra- 
renal bodies  ;  h,  right,  /«.',  left  ureter ;  i,  portion  of  the  small  intestine  turned  towards 
the  side,  to  show  the  veins  from  it  going  to  the  portal  vein  ;  Ic,  urinary  bladder  ;  I,  is 
placed  below  the  umbilicus,  which  is  turned  towards  the  left  of  the  foetus,  and  points  by 
a  line  to  the  urachus  ;  m,  rectum,  divided  and  tied  at  its  upper  part. 

A,  A.  right  auricle  of  the  heart  opened  to  show  the  foramen  ovale  :  a  probe,  intro- 
duced through  the  large  divided  right  hepatic  vein  and  vena  cava  inferior,  is  seen  passing 
through  the  fossa  ovalis  into  the  left  auricle  :  at  the  lower  part  of  the  fossa  ovalis  is  seen 
the  Eustachian  valve,  to  the  right  and  inferiorly  the  auriculo-ventricular  orifice  ;  B,  the 
left  auricular  appendix ;  C,  the  surface  of  the  right  ventricle  ;  D,  placed  on  the  inner 
surface  of  the  left  lung,  points  to  the  left  ventricle. 

1,  ascending  part  of  the  arch  of  the  aorta  ;  V,  back  part  beyond  the  ductus  arteriosus  ; 
1",  abdominal  aorta;  2,  stem  of  the  pulmonary  artery;  2',  the  place  of  division  into  right 
and  left  pulmonary  arteries  and  root  of  the  ductus  arteriosus  :  the  left  pneumo-gastric 
nerve  is  seen  descending  over  the  arch  of  the  aorta  ;  3,  superior  vena  cava  ;  3',  right,  3", 
left  innominate  vein  ;  4,  stem  of  the  inferior  vena  cava,  between  the  junction  of  the 
hepatic  vein  and  the  right  auricle  ;  4',  continuation  of  the  vena  cava  inferior  below  ;  5, 
umbilical  vein  within  the  body  of  the  foetus  ;  5  x ,  without  the  body,  in  the  umbilical 
cord ;  5',  5',  ductus  venosus  ;  between  5  and  5',  the  direct  branches  of  the  umbilical  vein 
to  the  liver  ;  5",  5",  hepatic  veins,  through  one  of  which  a  probe  is  passed  into  the  fossa 
ovalis  and  through  the  foramen  ovale  ;  6,  vena  portse  ;  6',  its  left  branch  joining  the 
umbilical  vein ;  6",  its  right  branch ;  7,  placed  on  the  right  iliac  vein,  points  to  the  right 
common  iliac  artery;  7',  left  common  iliac  artery;  8,  right,  8',  left  umbilical  arteries 
coming  from  the  internal  iliac  arteries  ;  8  x  ,  umbilical  arteries  without  the  body,  in  the 
umbilical  cord  ;  9,  9',  external  iliac  arteries ,;  10,  placed  below  the  right  renal  vessels ; 
11,  inferior  mesenteric  artery,  above  the  root  of  which  are  seen  the  two  spermatic  arteries. 
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the  umbilical  vein  to  reach  the  placenta.  The  commencement  of  each  of  these 
vessels  afterwards  fonns  the  trunk  of  the  corresponding  internal  iliac  artery, 
but,  from  their  size,  they  might  be  regarded  in  the  foetus  as  the  continuations 
of  the  common  iliac  arteries  into  which  the  aorta  divides.  From  the  placenta 
the  blood  is  retiumed  by  the  umbilical  vein,  which,  after  entering  the  abdomen, 
communicates  by  one  branch  with  the  portal  vein  of  the  liver,  and  is  continued  by 
another,  named  ductus  vcnosus,  into  one  of  the  hepatic  veins,  through  which  it- 
joins  the  main  stem  of  the  vena  cava  inferior. 

Course  of  the  Blood  in  the  Foetus. — The  right  auricle  of  the  foetal  heart 
receives  its  blood  from  the  two  venae  cavce  and  the  coronary  vein.  The  blood 
brought  by  the  superior  cava  is  simply  the  venous  blood  returned  from  the  head 
and  upper  half  of  the  body  :  whilst  the  inferior  cava,  which  is  considerably 
larger  than  the  superior,  conveys  not  only  the  blood  from  the  lower  half  of  the 
body,  but  also  that  which  is  returned  from  the  placenta  through  the  umbilical 
vein.  This  latter  stream  of  blood  reaches  the  vena  cava  inferior,  partly  by  a 
direct  passage — the  ductus  venosus,  and  partly  by  the  hepatio  veins,  which  bring 
to  the  vena  cava  inferior  all  the  blood  circulating  through  the  liver,  whether 
derived  from  the  supply  of  placental  blood  entering  by  the  umbilical  vein,  or 
proceeding  from  the  vena  poitte  or  hepatic  artery. 

The  blood  of  the  superior  vena  cava,  descending  in  front  and  to  the  right 
of  the  Eustachian  valve,  and  mixed  with  a  small  jDortion  of  that  from  the 
inferior  cava,  passes  on  into  the  right  ventricle,  and  is  thence  propelled  into  the 
trunk  of  the  pulmonary  artery.  A  small  part  of  it  is  then  distributed  through 
the  branches  of  that  vessel  to  the  lungs,  and  retmns  by  the  pulmonary  veins  to 
the  left  auricle  ;  but,  as  these  vessels  remain  comparatively  undilated  up  to  the 
time  of  birth,  by  far  the  larger  part  passes  through  the  ductus  arteriosus  into  the 
dorsal  aoi-ta,  entering  that  vessel  beyond  the  place  of  origin  of  the  arteries  of  the 
head  and  upper  limbs,  and,  mixed  perhaps  with  a  small  quantity  of  the  blood 
flowing  into  the  aorta  from  the  left  ventricle,  is  distributed  in  part  to  the  lower 
half  of  the  body  and  the  viscera,  and  in  part  is  conveyed  along  the  umbilical 
arteries  to  the  placenta.  From  these  several  organs  it  is  returned  by  the  vena 
cava  inferior,  the  vente  portse,  and  the  umbilical  vein  ;  and,  as  already  noticed, 
reaches  the  right  auricle  through  the  tmnk  of  the  inferior  cava. 

Of  the  blood  entering  the  heart  by  the  inferior  vena  cava,  only  a  small  pai-t  is 
mingled  with  that  of  the  superior  cava,  so  as  to  pass  into  the  right  ventricle  ; 
by  far  the  larger  portion,  directed  by  the  Eustachian  valve  through  the  foramen 
ovale,  flows  from  the  right  into  the  left  auricle,  and  thence,  together  with  the 
small  quantity  of  blood  retui-ned  from  the  lungs  by  the  pulmonary  veins,  passes 
into  the  left  ventricle,  from  whence  it  is  sent  into  the  arch  of  the  aorta,  to  be 
distributed  almost  entirely  to  the  head  and  upper  limbs.  A  small  portion  of  it, 
may,  however,  flow  on  into  the  descending  aorta,  and  join  the  fuller  stream  of 
blood  from  the  ductus  arteriosus.  From  the  upper  half  of  the  body  the  blood  is 
returned  by  the  branches  of  the  superior  cava  to  the  right  auricle,  from  which 
its  course  into  the  right  ventricle  and  pulmonary  trunk  has  been  already  traced. 

There  is  probably  a  considerable  difference  in  the  early  and  more  advanced 
stages  of  foetal  life,  in  the  distribution  of  the  stream  of  blood  entering  the  heart 
by  the  vena  cava  inferior.  In  the  early  stages,  a  lai'ge  pai't  of  the  current  being 
directed  into  the  left,  but  in  the  three  last  months,  and  as  the  foetus  approaches 
inatimty,  more  and  more  of  the  blood  of  the  inferior  cava  joins  the  stream  from 
the  superior  cava  ;  and,  indeed,  the  course  of  the  blood,  and  the  relative  position 
of  the  veins,  as  well  as  other  original  peculiarities  of  the  foetal  heart,  become 
g-radually  altered,  in  preparation,  as  it  were,  for  the  important  changes  which 
take  place  at  birth.  It  seems  also  probable  that  very  little  of  the  blood  pro- 
pelled from  the  left  ventricle  passes  into  the  descending  aorta  beyond  the 
ductus  ai-teiiosus  during  those  months  of  foetal  life  in  which  the  peculiarities  of 
the  cu'culation  are  most  complete. 

From  the  preceding  account  of  the  course  of  the  blood  in  the  foetus,  it  will  be 
seen  that,  whilst  the  modified  blood  from  the  placenta  is  principally  conveyed  to 
the  upper  or  cephalic  half  of  the  foetus,  the  lower  half  of  the  body  is  chiefly 
supplied  with  the  blood  which  has  akeady  circulated  thi-ough  the  head  and  upper 
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limbs.  The  larger  portion  of  tbe  blood,  however,  which  passes  into  the  descend- 
ing aoita,  is  sent  out  of  the  body  to  the  placenta.  This  duty  is  principally  per- 
formed by  the  right  ventricle,  which  after  birth  is  charged  with  an  office  some- 
what analogous,  in  ha^nng  to  propel  the  blood  through  the  lungs.  But  the 
passage  of  the  blood  thi'ough  the  vessels  of  the  umbilical  cord  and  placenta  is 
longer  and  subject  to  greater  resistance  than  that  of  the  i^ulmonary  circulation, 
and  the  right  ventricle  of  the  foetus,  although  probably  aided  by  the  left  in  the 
placental  circulation,  also  takes  a  large  shave  in  the  systemic  through  the  lower 
half  of  the  body  ;  and  this,  perhaps,  may  be  the  reason  why  the  wall  of  the 
right  equals  in  thickness  that  of  the  left  ventricle  in  the  foetus. 

Sabatier  was  the  first  to  call  attention  particularly  to  the  action  of  the  Eusta- 
chian valve  in  separating  the  currents  of  blood  entering  the  right  auricle  by  the 
superior  and  inferior  vense  cavse.  (Traite  d'Anat.,  vol.  ii.,  p.  221:.)  This  sepa- 
ration, as  well  as  that  occuiTuig  between  the  currents  passing  through  the  aortic 
arch  and  the  ductus  arteriosus  into  the  descending  aorta,  were  illustrated  experi- 
mentally by  John  Reid.  (See  art.  "  Heart,"'  in  Cyclop,  of  Anat.  and  Physiol.,  and 
Edin.  Med.  and  Sui'g.  Journal,  1835.)  A  strrking  confirmation  of  the  extent  to 
which  the  last  mentioned  division  of  the  two  cuiTents  of  the  festal  blood  may 
take  place,  'wdthout  distui-bance  of  the  chculation  up  to  the  time  of  bu-fch,  is 
afforded  by  the  examples  of  malformation  in  which  a  complete  obliteration  has 
existed  in  the  aortic  tmnk  immediately  before  the  place  of  the  union  of  the 
ductus  arteriosus  with  the  posterior  part  of  the  aortic  arch. 

CHANGES    IN     THE     CIRCULATION    AT    BIRTH. 

The  changes  which  occur  in  the  organs  of  circulation  and  respiration 
at  birth,  and  lead  to  the  establislnnent  of  their  permanent  condition,  are 
more  immediately  determined  by  the  inflation  of  the , lungs  with  air  in 
the  first  respiration,  the  consequent  rapid  dilatation  of  the  pulmonary 
Mood-vessels  with  a  greater  quantity  of  blood,  and  the  interruption  to 
the  passage  of  blood  through  the  placental  circulation.  These  changes 
are  speedily  accompanied  by  shrinking  and  obliteration  of  the  ductus 
arteriosus,  in  the  space  between  the  division  of  the  right  and  left  pul- 
monary arteries  and  its  junction  with  the  aorta,  and  of  the  umbilical 
arteries  from  the  hypogastric  trunk  to  the  place  of  their  issue  from 
the  body  by  the  umbilical  cord ; — by  the  cessation  of  the  passage  of 
blood  through  the  foramen  ovale,  and  somewhat  later  by  the  closure 
of  that  foramen,  and  by  the  obliteration  of  the  umbilical  vein  as 
far  as  its  entrance  into  the  liver,  and  of  the  ductus  venosus  within  that 
organ. 

The  process  of  obliteration  of  the  arteries  appears  to  depend  at  first 
mainly  on  the  contraction  of  the  coats,  but  this  is  very  soon  followed 
by  a  considerable  thickening  of  their  substance,  reducing  rapidly  their 
internal  passage  to  a  minute  tube,  and  leading  in  a  short  time  to  final 
closure,  even  although  the  vessel  may  not  present  externally  any  con- 
siderable diminution  of  its  diameter.  It  commences  at  once,  and  is  per- 
ceptible after;  a  few  respirations  have  occurred.  It  makes  rapid  pro- 
gress upon  the  first  and  second  days,  and  by  the  third  or  fourth  days 
the  passage  through  the  umbilical  arteries  is  usually  completely  inter- 
rupted. The  ductus  arteriosus  is  rarely  found  open  after  the  eighth 
or  tenth  day,  and  by  three  weeks  it  has  in  almost  all  instances  become 
completely  impervious. 

The  process  of  closure  in  the  veins  is  slower,  there  not  being  the 
same  thickening  or  contraction  of  their  coats  ;  but  they  remain  empty 
of  blood  and  collapsed,  and  by  the  sixth  or  seventh  day,  are  generally 
closed. 
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Although  blood  ceases  at  once  to  jiass  through  the  foramen  ovale 
from  the  moment  of  bh'th,  or  as  soon  as  the  left  auricle  becomes  filled 
with  the  blood  returning  from  the  lungs,  and  the  pressure  within  the 
two  auricles  is  equalised,  yet  the  actual  closure  of  the  foramen  is  more 
tardy  than  any  of  the  other  changes  now  referred  to.  It  is  gradually 
effected  by  the  union  of  the  forepart  of  the  yalvular  fold  forming  the 
floor  of  the  fossa  ovalis  with  the  margin  of  the  annulus  on  the  left 
side  ;  but  the  crescentic  margin  is  generally  perceptible  in  the  left 
auricle  as  a  free  border  beyond  the  place  of  union  and  not  unfrequently 
the  union  remains  incomplete,  so  that  a  probe  may  be  passed  through 
the  reduced  aperture.  In  many  cases  a  wider  aperture  remains  for 
more  or  less  of  the  first  year  of  infancy,  and  in  certain  instances  there 
is  such  a  failure  of  the  union  of  the  yalye  as  to  allow  of  the  continued 
passage  of  venous  blood,  especially  when  the  circulation  is  disturbed  by 
over-exertion,  from  the  right  to  the  left  auricle,  as  occurs  in  the  mal- 
formation attending  the  morbus  coeruleus. 

BEVELOPMENT    OF    THE    GENITAL    AND    URINAEY    OSGANS. 
The  development  of  the  permanent  genital  and  urinary  organs  in 


Fis.  598. 


Fig.  598. — Enlakged  View  from  before  of  the  Left 
Wolffian  Body  before  the  Establishment  of  the 
DISTINCTION  OF  Sex  (from  Farre  after  Kobelt). 

ff,  «,  5,  d,  tubular  structure  of  the  Wolffian  botly  * 
c,  Wolffian  duct ;  /,  its  upper  extremity ;  g,  its  termina- 
tion  in  x,  the  uro-genital  sinus  ;  h,  the  duct  of  Miiller ; 
?',  its  upper  still  closed  extremity  ;  Ic,  its  lower  end  ter- 
minating in  the  iiro-genital  sinus  ;  I,  the  mass  of 
blastema  for  the  reproductive  organ,  ovary  or  testicle. 

birds  and  mammals,  is  preceded  by  the 
formation  of  a  temporary  glandular  organ  with 
which  the  principal  parts  of  both  these  sets 
of  organs  are  in  their  origin  connected.  These 
bodies  are  named  the  Wolffian  bodies,  after 
their  discoverer,  C.  P.  Wolfl:  From  this  close 
association  of  these  organs,  it  becomes  neces- 
sary to  describe  their  development  together. 


PRIMARY  FORMATION   OF   THE   URO-GSNITAL   SYSTEM. 

Wolffian  bodies. — The  Wolffian  bodies  occupy  a  considerable  space 
in  the  abdominal  cavity  of  birds  and  mammals  from  an  early  period  of 
foetal  life,  extending  at  first  from  the  fifth  or  sixth  protovertebral  seg- 
ments to  near  the  caudal  extremity,  in  the  form  of  two  reddish  prominent 
ridges,  one  on  each  side  of  the  primitive  intestine,  and  below  the  proto- 
vertebral columns  and  primitive  aortse.  They  are  thickest  in  the  middle 
of  their  length,  and  taper  somewhat  at  their  upper  and  lower  extremities. 
They  consist,  when  fully  formed,  of  short  slightly  convoluted  tubes 
running  transversely,  connected  on  the  inner  side  with  vascular  glome- 
ruli, very  similar  to  the  Malpighian  corpuscles  of  the  permanent 
kidneys,  and  leading  along  the  outer  border  into  a  tube  named  the 
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Wolffian  duct,  which  terminates  on  each   side  in  the  cloaca.      The 
Malpighian  glomeruli  were  first  discovered  by  Eathke,  who  pointed  out 


Pig.  599. — Human  Embryo  op  from  25  to  28  days,  viewed 
FROM  before,  the  ThorjOC  and  Abdomen  opened  (from 
Kolliker  after  Coste). 

0,  tlie  eye ;  m,  the  maxillary  plate ;  mn,  the  inferior 
maxillary  plate  ;  h,  the  second  postoral  plate  ;  h,  the  heart ; 
IV,  Wolffian  bodies  and  ducts  on  their  outer  borders  ;  I,  the 
liver  ;  e^,  the  upper  and  e*,  the  lower  limbs  ;  a,  the  allantoid 
pedicle,  and  on  each  side  of  it  the  umbilical  arteries  ;  l,  i, 
tne  upper  and  lower  parts  of  the  intestine  of  which  the 
middle  parts  with  the  vitello-intestinal  duct  have  been  removed, 
leaving  the  mesentery  stretched  between. 


Fig.  599. 


their  vascular  structure,  and  their  vessels  derived 
from  neighbouring  branches  of  the  aorta.  The 
ducts  of  the  WolfBan  bodies  are  found  to  contain 
a  whitish  fluid,  and  the  bodies  are  believed  to 
perform  the  glandular  office  of  kidneys  during  a 
part  of  foetal  life  in  the  higher  vertebrata,  and 
they  have  accordingly  received  the  name  of 
2')rimordial  Iddmijs,  a  designation  which  is  quite 
appropriate,  as  it  appears  that  in  fishes  and  am- 
phibia, they  remain  as  the  whole  in  some,  and  a 
part  in  others,  of  the  permanent  kidneys. 

In  the  human  foetus  they  begin  to  be  formed 
along  with  the  allantois,  at  a  very  early  period, 
probably  before  the  third  week,  as  they  are  already 
very  apparent  in  the  fourth.  They  have  attained 
their  full  si2e  by  the  sixth  week,  and  in  the 
seventh  and  eighth  are  rapidly  diminishing  in 
size,  in  connection  with  the  changes  which  accompany  the  develop- 
ment  of  the  genital  organs  and  the  permanent  kidneys. 

Fig.  600. 


Fig.  600. — Transverse  Section  through:  the  Embryo  of  the  Chick  and  Blasto- 
derm ON  the  Second  Day  (from  Kolliker). 
d  d,  hypoblast ;  ch,  chorda  dorsalis  ;  u  w,  primordial  vertebra  ;  m  r,  medullary 
plates  ;  h,  corneous  layer  or  epiblast  ;  u  w  h,  cavity  of  the  primordial  vertebral  mass  ; 
m  p,  mesoblast  dividing  at  s  ^^  ^^^'^  ^^  P  ^>  somatopleure,  and  d  f,  splanchnopleure  ; 
u  n  g,  Wolffian  duct,  beginning  in  the  intermediate  cell- mass. 

As  development  advances  the  Wolfiian  bodies  rapidly  become  pro- 
portionally shorter  and  thicker  :  they  shrink  towards  the  lower  part  of 
the  abdominal  cavity,  and  soon  become  almost  entirely  wasted.     By 
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tne  middle  of  the  third  month  only  traces  of  them  are  visible  in  the 
human  embryo. 

First  origin  of  the  Wolffian  bodies. — Difference  of  opinion  has 
for  some  time  existed  among  embryologists  as  to  the  exact  source  of 


Pig.  601. — Tkaxsterse  Section  through  the  Abdominal  Region  of  the  Chick  ok 
THE  Third  Day  (from  Kolliker). 

The  exj)laiiation  of  tlie  letters  is  the  same  as  that  in  the  previous  figure. 

the  rudiments  of  the  uro-genital  system,  but  it  now  appears  to  be  fully 
ascertained  by  the  concurrence  of  a  variety  of  observers,  more  especially 
of  Waldeyer,  Schenk,  and  Balfour,  that  the  Wolffian  duct,  which  is  the 
first  part  formed,  and  the  formative  substance  of  the  Wolffian  tubes 

Fiff.  602. 


d<l 


Fig.  602. — Transverse   Section  of  the   Embryo-Chick  of  the  Third  Day 
(from  Kolliker). 

inir,  medullary  canal  and  medulla  of  the  spinal  cord  ;  cti,  notochord  ;  xinli,  primordial 
-vertebral  mass  ;  m,  muscle-plate  ;  dr  and  df,  groove  of  the  primitive  intestine  as  formed 
by  the  hypoblast  and  splanchnoplenre  ;  ao,  one  of  the  two  aortas ;  un,  Wolffian  body  ; 
ung,  Wolffian  duct  ;  vc,  vena  cardinalis ;  h,  epiblast ;  hp,  somatopleure  and  its  reflection 
into  the  amnion  ;  ]),  the  pleuro-peritoneal  space. 


and  glomeruli,  proceed  from  the  mesoblast,  and  as  these  form  the  founda- 
tion of  the  principal  urinary  and  genital  organs,  it  follows  that  this 
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system  as  a  Avhole  has  its  foundation  in  the  mesoblastic  layer.  In  birds 
and  mammals  the  duct,  which  is  iirst  formed,  appears  in  its  commence- 
ment as  a  sohd  cord  in  the  upper  part  of  a  group  of  cells,  projecting 
below  the  epiblast,  in  the  interval  between  the  protovertebral  mass  and 

Fig.   603. — Kidneys,  Wolffian  Bodies,  Wolffian  Fig.  603. 

AND     MtaLEEIAN     DuCTS      OF      A      FcETAL     BlED. 

Magnified  (after  J.  Miiller). 

d,  kidney  ;  i,  tubular  part  of  WoliBan  body  ;  c, 
the  ovary  ;  d,  suprarenal  body  j  e,  ureter  ;  /,  Wolf-       y~f~ 
fian  duct ;  ff,  duct  of  Miiller. 

the  United  somatopleure  and  eplanchno- 
pleure  of  the  mesoblast,  and  thence  called 
the  intermediate  cell  mass  (fig.  600,  V7ig). 
This  cord  becomes  hollow,  and  gradually 
changes  its  place  by  sinking  downwards 
in  the  cellular  mass  in  which  it  is  imbedded, 
towards  the  pleuro-peritoneal  cavity,  while 
the  tubular  and  glomerular  structures  of 
the  Wolffian  body  are  developed  as  diverti- 
cula from  the  duct  in  connection  with 
the  neighbouring  cellular  blastema. 

The  intermediate  cell-mass  now  forms  a 
considerable  projection  to  the  outside  of 
the  mesentery,  which  occupies  a  median 

position  (figs.  602  and  604),  and  the  epithelium  on  its  surface  exhibits  a 
considerable  thickening  in  two  places,  first,  along  the  inner  side,  where 
it  becomes  columnar,  and  forms  an  opaque  whitish  ridge,  the  ^erwe^Jz/Ae- 
liwn,  the  seat  of  after  formation  of  the  primitive  ovigerms  ;  and  second, 
along  the  outer  side  in  a  line  inside  the  seat  of  the  Wolfiian  duct,  where, 
by  a  process  of  grooved  involution,  there  is  gradually  formed  the  duct 
named  Mullericm,  after  its  discoverer,  Johannes  Miiller.  It  is  now  fully 
ascertained  that  both  the  Wolfiian  and  Miillerian  ducts  are  constantly 
present  in  all  embryoes  of  birds  and  mammals,  whatever  the  sex  they 
may  be  destined  afterwards  to  assume  ;  but  the  respective  ducts  have  a 
dift'erent  sexual  destination,  for  the  duct  of  Miiller  becomes  converted 
into  the  oviduct  of  the  female,  while  in  the  male  the  Wolffian  duct 
forms  the  vas  deferens,  or  main  seminal  duct  of  the  testicle  ;  an(J 
while  vestiges  of  the  duct  of  Miiller  are  perceptible  in  the  developed 
male,  remains  of  the  Wolfiian  duct  are  almost  always  present  in  the 
female  in  a  manner  afterwards  to  be  described. 

The  pe)'mwient  kidneijs  of  birds  and  mammals  take  their  origin  in 
connection  with  the  Wolfiian  duct  and  formative  substance  deposited 
near  the  Wolffian  bodies.  Their  first  rudiments  consist  in  a  diver- 
ticulum from  the  upper  or  dorsal  aspect  of  the  Wolfiian  duct  near  its 
posterior  extremity,  which  constitutes  the  commencement  of  the  ureter ; 
and  from  this  the  tubular  and  glandular  parts  of  the  kidney  are  formed 
by  extension  into  the  neighbouring  mass  of  blastema  at  a  period 
somewhat  later  than  that  of  the  development  of  the  Wolffian  body  itself. 

The  researches  of  Waldeyer  and  others  have  shown  that  the  produc- 
tive glands  of  the  generative  organs  in  the  two  sexes,  ovary  and  testis, 
arise  from  nearly  the  same  part  of  the  intermediate  cell  mass,  but  in 
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a  manner  somewhat  different.  Both  are  mainly  produced  in  the  sub- 
stance which  lies  along  the  inner  border  of  the  blastemic  mass  already 
referred  to,  and  which  may  therefore  be  named  the  common  reproductive 
hlastema;  but  with  this  important  difference  between  them,  that  in  the 

Fi-.  604. 


Fig.  604. — Transverse  Section  of  the  Wolffian  Body  and  Rudiment  of  the  Ovary 

AND     THE    Due?    ©F    MULLBR     IN     AN    EmBRYO    ChICK     AT     THE     END    OF    THE    FOURTH 

DAY  (from  Waldeyer). 

WK,  WolfEan  body  ;  y,  section  of  the  Wolffian  duct  ;  a,  germ  epithelium  with,  o,  o, 
cells  enlarging  into  ovigerms ;  a',  epithelium  near  the  place  of  involution  of  Miiller's 
duct,  2  ;  E,  stroma  of  the  ovary  ;  m,  mesentery  ;  L,  lateral  wall  of  the  abdomen. 


female  the  primitive  ova  originate  more  immediately  from  the  cells  of 
the  surface  in  the  germ  ejntheUum,  and  become  afterwards  imbedded 
as  Graafian  follicles  in  the  deeper  substance  of  the  mass  which  forms  a 
stroma  round  the  ova  ;  while  the  glandular  substance  of  the  testicle  is 
apparently  developed  within  the  cell  mass,  without  any  direct  con- 
currence of  the  superficial  or  germ  epithelium, — which,  though  at  first 
existing  in  male  as  well  as  in  female  embryoes,  and  even  exhibiting 
some  tendency  to  the  enlargement  of  some  cells  as  ovigerms  (Waldeyer), 
soon  becomes  atrophied  and  reduced  in  thickness  in  the  male  as  the 
structure  of  the  testicle  becomes  developed. 

The  ducts  of  Miiller  open  at  their  anterior  extremities  into  the 
pleuro-peritoneal  cavity  by  the  orifice  which  ultimately  becomes  the 
infundibulum  and  fimbriated  ostium  abdominale  ;  and,  as  their  lining- 
membrane  has  originally  been  formed  by  an  involution  of  the  epithelium 
(germ-epithelium)  of  that  cavity,  it  follows  that  the  lining  membranes 
of  the  female  passages  (Fallopian  tubes  and  uterus)  which  in  their  later 
development  assume  the  characters  of  mucous  membrane,  and  are  de- 
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scribed  as  such,  have  in  reality  the  same  origin  as  the  lining  mem- 
brane of  the  pleuro-peritoneal  cavity. 


Fig.  605. 


Fig.    605. — DiAGRAJSiMATic   Out- 
line OP  THE  Wolffian  Bodies 

IN  THEIR  RELATIONS  TO  THE 
EUDIJIENTS  OF  THE  REPRODUC- 
TIVE Organs  (A.  T.). 

ot,  §eat  of  origin  of  the  ovaries 
or  testes  ;  W,  Wolffian  bodies  ; 
iv,  w,  Wolffian  ducts ;  m,  in, 
Miillerian  ducts  ;  gc,  genital  cord  ; 
ug,  sinus  urogenitalis  ;  t,  intes- 
tine ;  cl,  cloaca. 


These  ducts  at  first  unite 
with  the  Wolffian  ducts  on 
each  side  separately,  but 
later  they  become  separated 
from  them  and  conjoined 
at  their  lower  or  posterior 
extremity,  and  in  the  de- 
velopment of  the  female 
type    the    uterus    results 

from  the  further  growth  of  this  median  or  united  part,  while  in  the 
male  sex  the  prostatic  vesicle  and  gland  may  be  looked  upon  as  its 
nearest  representative,  and  other  partial  vestiges  of  the  female  passages 
are  to  be  found  in  the  human  species  and  in  various  degrees  in 
different  mammals. 

The  Wolffian  duet,  as  has  already  been  stated,  becomes  the  vas 
deferens  of  the  testicle,  while  the  secreting  part  of  the  gland,  com- 
prising the  tubuli  seminiferi  and  the  rete  testis,  are  developed  in  the 
reproductive  blastema  of  the  intermediate  cell  mass.  The  union  of 
these  two  parts  of  the  male  organs  through  the  coni  vasculosi  and  the 
epididymis  is  brought  about  by  the  development  of  the  efferent  vessels 
in  the  upper  part,  or  what  may  appropriately  be  termed  the  sexual  part 
of  the  Wolffian  body,  as  this  structure  has  been  shown  by  Banks  and 
others  to  differ  fi'om  the  lower  and  larger  part  of  the  organ  by  the 
absence  of  the  vascular  tufts  or  glomerular  arrangement  in  connection 
with  its  tubes.  The  convoluted  tubes  forming  the  efferent  vessels, 
which  from  the  time  of  their  first  production  are  in  communication 
with  the  upper  part  of  the  Wolffian  duct,  become  subsequently  con- 
nected with  the  vessels  of  the  rete  testis,  and  thus  the  original  Wolffian 
duct  becomes  in  its  upper  part  the  tube  of  the  epididymis,  and  in  its 
lower  the  main  excretory  dnct  or  vas  deferens  of  the  testis. 

Hiomologies  of  tlieWolffian  body; — An  interesting  view  of  the  cor- 
respondence of  the  urino-genital  organs  in  different  animals  is  pre- 
sented by  the  recent  observations  of  embryologists  on  the  formation  of 
the  Wolffian  bodies.  It  was  ascertained  by  His,  Bornhaupt,  Eosenberg 
and  Goette,  that  in  the  lower  vertebrates  a  second  body  similar  to  the 
Wolffian  was  formed  later  in  connection  with  its  main  duct ;  and 
the  researches  of  Balfour  and  Semper  have  shown  that  in  the  selachians 
the  permanent  kidneys,  which  had  long  been  believed  to  be  the  same 
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with  the  Wolffian  bodies,  consist  in  reality  of  two  sets  of  tubular 
organs,  of  which  one  corresponds  to  the  Wolffian  bodies  of  the  embryoes 
of  the  amniota,  while  the  other  tubular  body,  already  referred  to  as 
being  of  later  formation  and  as  connected  with  the  main  WolflSan  duct, 
corresponds  to  the  permanent  kidneys  of  the  higher  animals.     Balfour 


Fiff.  606. 


Fig.  606.  —  Diagram  op  ini; 
Primitive  Uro-genital  Or- 
gans IN  THE  Embryo  previous 
TO  Sexual  Distinction. 

The  parts  are  shown  chiefly  in 
profile,  but  the  Mlillerian  and 
Wolffian  ducts  are  seen  from 
the  front.  3,  ureter  ;  4,  urinary- 
bladder  ;  5,  urachus  ;  ot,  the 
mass  of  blastema  from  which 
ovary  or  testicle  is  afterwards 
formed  ;  W,  left  Wolffian  body  ; 
X ,  part  at  the  apex  from  which 
the  coni  vasculosi  are  after- 
wards developed ;  w,  w,  right 
and  left  Wolffian  ducts  ;  m,  m, 
right  and  left  Miillerian  ducts 
uniting  together  and  with  the 
Wolffian  ducts  in  g  c,  the  genital 
cord  ;  uff,  sinus  \irogenitalis  ;  i, 
lower  part  of  the  intestine  ;  c  I, 
common  opening  of  the  intestine 
and  urogenital  sinus  ;  cp,  eleva- 
tion which  becomes  clitoris  or 
penis  ;  Is,  ridge  from  which  the 
labia  majora  or  scrotum  are 
formed. 


has  also  ascertained  (Jour,  of  Anat.  and  Physiol.,  vol.  x.,  1875)  that  in 
the  selachians  both  the  ducts  are  found  which  exist  in  the  amniota, 
viz.,  both  the  Wolffian  and  the  Miillerian  ducts,  but  that  they  arise  in 
a  somewhat  different  manner  from  that  by  which  they  are  produced  in 
birds  and  mammals,  inasmuch  as  in  the  selachians  the  duct  of  Miiller 
arises  by  the  formation  of  a  septal  partition  which  divides  the  original 
duct  through  a  considerable  part  of  its  length  into  two  canals  :  one  of 
these,  the  Miillerian  duct,  is  in  communication  with  the  pleuro-perito- 
neal  cavity  in  front,  and  opens  into  the  cloaca  behind  as  a  separate 
tube ;  the  other  corresponding  with  the  Wolffian,  besides  being  the 
excretory  duct  of  the  primordial  kidneys,  becomes  the  vas  deferens  of 
the  testicle.  In  the  selachians,  therefore,  the  permanent  kidneys  con- 
sist of  two  parts,  of  which  one,  the  anterior,  is  homologous  with  the 
temporary  kidneys  or  Wolffian  bodies,  while  the  other,  or  posterior  part, 
corresponds  with  the  permanent  kidneys  of  birds  and  mammals. 

Balfour  and  Semper  have  made  further  the  interesting  discovery  that 
the  transverse  tubes  of  the  two  parts  of  the  primordial  kidney  of  the 
lower  animals  correspond  in  number  and  position  with  the  vertebral 
segments  of  the  region  of  the  embryo  in  which  they  are  situated, — a 
fact  of  great  interest  in  vertebrate  morphology,  and,  according  to  the 
authors,  leading  also  to  important  views  of  the  morphological  corre- 
spondence of  the  organs  in  question  with  similar  organs  in  the  anne- 


OEIGI^'   OF  THE  EXTERNAL  OEGANS. 


811 


lida.  The  tubes  of  the  kidneys  in  the  lower  vertebrata  are  therefore 
named  segmental  tudcs,  and  their  common  duct  (Wolffian),  the  seg- 
mental duct.  In  the  amniota,  howeyer,  the  same  correspondence 
between  vertebrate  segments  and  Wolffian  body  tubes  no  longer  exists. 
The  External  Organs. — The  existence  in  the  embryo  at  first  of  a 
single  outlet  or  cloaca,  for  the  urogenital  passages  and  the  alimentary 
canal  in  common,  has  already  been  referred  to.     This  condition  of  the 


Fig.  607. — Development  of  the  Ex- 
ternal Sexual  Organs  in  the  ]\Iale 
AND  Female  from  the  Indifferent 
Type  (from  Ecker). 

A,  the  external  sexual  organs  in  an 
embryo  of  about  nine  weeks,  in  wliich 
external  sexnal  distinction  is  not  yet  es- 
tablished, and  the  cloaca  still  exists  ;  B, 
the  same  in  an  embryo  somewhat  more 
advanced,  and  in  which,  without  marked 
sexual  distinction,  the  anus  is  now  sepa- 
rated from  the  urogenital  ajjeiture  ;  C, 
the  same  in  an  embryo  of  about  ten  weeks, 
showing  the  female  tj'pe ;  D,  the  same 
in  a  male  embryo  somewhat  more  ad- 
vanced. Throughout  the  figures  the 
following  indications  are  employed  ;  joc,  ■ 
common  blastema  of  penis  or  clitoris  ; 
to  the  right  of  these  lettei's  in  A,  the 
umbilical  cord  ;  p,  penis  ;  c,  clitoris  ;  d, 
cloaca  ;  uff,  urogenital  opening  ;  «,  anus  ; 

I  s,  cutaneous  elevation  which  becomes  labium  or  scrotum  ;  I,  labium ;  s,  scrotum  ;  coj^ 
caudal  or  coccygeal  elevation. 

parts  connected  with  the  surface  continues  even  beyond  the  time  when 
the  sexual  distinction  has  begun  to  become  manifest  in  the  deeper 
organs,  as  up  to  the  seventh  day  in  the  chick  and  the  end  of  the  eighth 
week  in  the  human  foetus.  Previous  to  this  time  the  cloaca  presents' 
itself  in  the  form  of  a  Avide  cavity,  into  the  middle  of  which  the  intestine- 
descends  on  the  dorsal  aspect.  The  pedicle  of  the  allantois  opens  by  a. 
deep  groove  or  recess  anteriorly  or  on  the  ventral  aspect,  and  on  each 
side  there  is  a  widening,  into  which,  in  succession  from  the  ventral  to 
the  dorsal  aspect,  open  the  Mlillerian  and  Wolffian  ducts  and  the 
ureters.  The  external  openhig  has  the  form  of  a  vertical  slit  wider 
above  and  below,  and  is  situated  in  a  raised  portion  of  the  common 
integument,  from  which  all  the  other  parts  retire  more  and  more  within 
the  cavity  of  the  pelvis  as  it  gradually  deepens. 

The  first  change  which  takes  place  in  the  rudiments  of  the  external 
organs,  and  which  is  common  to  all  embryoes,  and  therefore  to  both 
sexes,  consists  in  the  advance  from  the  sides  and  behind  of  the  parti- 
tion which  separates  the  intestinal  portion  from  the  rest,  thus  throw- 
ing the  urogenital  ducts  into  connection  with  a  wide  ventral  part  of 
the  lower  aperture,  urogenital  sinus,  while  the  intestine  is  left  in  com-- 
mnnication  with  the  narrower  dorsal  section.  The  anus,  strictly  so 
called,  now  appears  as  the  opening  of  the  alimentary  canal,  and  in 
fe"ont  of  it  the  urogenital  aperture  forms  a  narrow  vertical  slit  wider 
behind  than  before,  and  leading  into  the  urogenital  sinus. 

In  front  of  the  last-named  aperture  there  now  rises  a  well-marked 
prominence  of  the  integument,  the  rudiment  of  the  still  indifferent 
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organ  representing  the  clitoris  or  penis.  Into  this  prominence  the 
nrogenital  groove  runs  forward,  and  surrounding  the  prominence  in 
front,  and  continued  downwards  on  each  side  of  the  urogenital  opening, 
there  is  a  raised  ridge  of  integument,  which  is  the  foundation  of  the 
future  laMa  majora  in  the  female,  and  of  the  two  halves  of  the  scrotum 
in  the  male. 

The  description  of  the  later  changes  which  occur  in  these  parts  in 
the  development  of  fuller  sexual  differences  will  be  given  hereafter. 
Here  it  will  be  sufficient  to  state  their  general  nature.  In  embryoes 
which  are  assuming  the  male  type,  the  common  eminence  becomes 
gradually  longer,  more  cylindrical  and  deeply  grooved  along  its  lower 
surface.  The  lateral  ridges  of  the  urogenital  opening  become  united 
from  behind  forwards  along  the  middle  line,  and  this  union  is  gradually 
continued  into  the  ridges  of  the  groove  below  the  penis,  so  as  to 
enclose  a  canal  which  becomes  the  urethra  with  its  tegumental  and 
spongy  vascular  coverings,  and  to  form  below  this  the  scrotum,  in  which 
the  raphe  is  the  remains  of  the  median  union  of  the  integument. 

In  female  embryoes,  on  the  other  hand,  the  cylindrical  eminence 
remains  comparatively  small,  and  the  groove  along  its  lower  surface 
widens  into  two  folds,  forming  the  lal)ia  minora  or  nymphae  ;  while  the 
larger  lateral  integumental  folds,  retaining  their  prominence  and  remain- 
ing separate,  constitute  the  labia  majora.  The  groove  is  not  closed,  but 
widened  and  shortened  so  as  to  become  the  vulva,  while  more  deeply 
the  sinus  urogenitalis  shortens  itself  considerably  so  as  to  form'  the 
limited  atrium  vagincd,  into  which  open  the  urethra  from  the  urinary 
Ibladder  and  the  now  united  lower  portion  of  Midler's  ducts  forming  the 
vagina. 

From  the  previous  statement,  it  appears  that  both  the  urinary  and  the 
reproductive  organs  take  their  origin  in  symmetrical  pairs  from  the 
intermediate  cell-masses  of  the  mesoblast,  which  are  situated  to  the  out- 
side at  first,  and  subsequently  below,  the  protovertebral  columns.  The 
earliest  formed  of  these  organs  are  the  Wolffian  bodies,  by  which  the 
others  are  all  intimately  connected  together  in  their  development,  so  ait 
to  form  one  great  system.  It  further  appears  that,  while  the  urinary 
organs  are  developed  in  an  entirely  similar  manner  in  all  embryoes, 
there  are  in  the  sexual  organs  certain  departures  from  the  common  type 
by  which  the  peculiarities  of  the  male  and  female  are  established.  The 
general  plan  of  development  of  these  organs  having  been  previously 
described,  the  history  of  the  process  will  now  be  completed  by  an 
account  of  the  further  changes  which  they  undergo, 

FURTHER  HISTORY  OF   THI5   DEVELOPMENT   OF     THE   UROGENITAIj 

ORGANS, 

The  Kidneys  and  their  Ducts. — These  organs  are  developed  together  from 
a  mass  of  formative  cells  situated  posteriorly  on  the  dorsal  aspect  of  the  Wolffian. 
bodies,  their  first  hollows  being  formed  as  diverticula  from  the  "Wolffian  duct. 

The  formative  blastema  of  the  kidney,  as  observed  by  Rathke  in  the  foetal  calf, 
soon  contains  a  series  of  club-shaped  bodies  which  have  their  larger  ends  free  and 
turned  outwards,  and  their  smaller  ends  or  pedicles  dh'ected  inwards  towards  the 
future  hilus,  where  they  are  blended  together.  As  the  organ  grows  these  bodies 
increase  in  number,  and  finally,  becoming  hollow,  form  the  ur'miferous  tubes.  At 
first,  short,  wide,  and  dilated  at  their  extremities,  the  tubuli  soon  become  elongated, 
narrow,  andflesuous,  occupying  the  whole  mass  of  the  kidney,  which  then  appears 
to  consist  of  cortical  substance  only.    At  a  subsequent  period,  the  tubuli  nearest 
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the  lillus  become  straighter,  and  thus  form  the  medullary  substance.  The  tubuli, 
as  showm  by  Valentin,  are  absolutely,  as  well  as  relatively,  wider  in  the  early 
stages  of  formation  of  the  kidney.  The  Malpighian  corpuscles  have  been 
seen  by  Rathke  in  a  sheep's  embryo,  the  kidneys  of  which  measured  only  two 
and  a  half  lines  in  length.  KoUiker  observed  the  kidneys  already  foi-med  in  the 
human  embryo  of  between  six  and  seven  weeks,  the  ureter  being  hollow,  and 
communicating  with  dilated  cavities  within  the  rest  of  the  blastema.  At  eight 
weeks  they  had  assumed  their  characteristic  renifonn  shape,  and  about  the  tenth 
week  they  are  distinctly  lobulated.  The  separate  lobules,  generally  about  fifteen 
in  number,  gradually  coalesce  in  the  manner  already  described  ;  but  at  bhtli, 
indications  of  the  original  lobulated  condition  of  the  kidney  are  still  ^dsible  on 
the  surface,  and  the  entire  organ  is  more  globular  in  its  general  figui-e  than  in 
the  adult.    The  kidneys  are  then  also  situated  lower  down  than  in  after-life. 

In  the  advanced  foetus  and  in  the  new-born  infant,  the  kidneys  are  relatively 
larger  than  in  the  adult,  the  weight  of  both  glands,  compared  with  that  of  the 
body,  being,  according  to  Meckel,  abotit  one  to  eighty  at  bhth. 

The  Suprarenal  Bodies. — These  organs  have  their  origin  in  a  mass  of 
blastema,  placed  in  front  of  and  between  the  kidneys  and  the  Wolffian  bodies. 
They  appear  to  originate  in  a  single  mass,  and  afterwards  to  become  divided. 
Kolliker  has  also  observed  them  in  close  connection  with  the  substance  in  which 
the  large  sjanpathetic  plexus  of  the  abdomen  is  produced,  but  it  is  not  ascertained 
that  they  have  a  common  origin. 

In  the  human  embryo  the  suprarenal  bodies  are  at  the  seventh  or  eighth  week 
larger  than  the  kidneys,  and  quite  conceal  them,  but  after  that  time  their  relative 
size  diminishes,  so  that  at  about  the  tenth  or  twelfth  week  they  are  smaller  than 
the  kidneys.  At  six  months,  according  to  Meckel,  the  proportion  of  the  supra- 
renal bodies  to  the  kidneys  is  as  2  to  5  ;  at  birth  the  proportion  between  them  is 
1  to  3,  whilst  in  the  adult  it  is  about  1  to  22.  They  diminish  much  in  aged  per- 
sons, and  are  sometimes  scarcely  to  be  recognised. 

The  Urinary  Bladder  and  Urachns. — It  has  elsewhere  been  stated 
that  in  the  human  embryo  the  vesicular  part  of  the  allantois  extending 
beyond  the  umbilicus  is  closed  at  a  very  early  period.  Its  pedicle,  how- 
ever, remains  in  communication  with  the  urogenital  sinus,  and  receives 
the  ureters  from  the  developing  kidneys.  The  lower  part  of  the  pedicle 
undergoes  a  gradual  dilatation  to  form  the  urinary  diadder,  while  at  the 
connection  of  this  part  with  the  urogenital  sinus  a  constriction  occurs 
in  the  part  which  gives  rise  to  the  urethra.  This  in  the  female  opens 
at  once  into  the  original  urogenital  sinus,  but  in  the  male  the  passage 
is  continued  onwards  through  the  penis  by  the  median  union  of  the 
parts  below  that  organ. 

The  part  of  the  allantois  situated. above  or  in  front  of  the  bladder  within 
the  abdomen  remains  very  much  narrowed  as  the  urachus,  a  tapering 
process  of  the  upper  extremity  of  the  bladder  into  which  at  first  the 
internal  cavity  is  prolonged,  but  which  later  consists  only  of  the 
muscular  and  fibrous  coats.  This  process  may  for  a  time  be  traced  for 
a  short  distance  within  the  umbilical  cord,  but  at  an  early  period  all 
vestiges  of  its  farther  prolongation  disappear. 

CJenital  Cord; — In  both  sexes,  as  was  first  fully  shown  by  Tiersch 
and  Leuckart  in  1852,  the  two  Wolfiian  ducts  become  united  by  sur- 
rounding substances  into  one  cord  behind  the  lower  part  of  the  urinary 
bladder ;  but  retaining  internally  their  separate  passages  until  they 
reach  the  sinus  urogenitalis.  With  this  cord  the  Miillerian  ducts  are 
incorporated  posteriorly,  so  that  at  one  time  there  are  four  passages 
through  the  whole  of  the  genital  cord.  The  Miillerian  ducts  next 
coalesce  into  one  at  some  little  distance  from  their  lower  ends,  and  this 
fusion,  progressing  upwards  and  downwards  for  a  considerable  space,  a 
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single  median  cavity  is  produced  which  lies  between  the  still  separate 
canals  of  the  Wolffian  ducts.  A  large  accumulation  of  tissue  in  its  walls 
gives  to  the  genital  cord  great  thickness  as  compared  with  the  neighbour-r 


Fig.  608. 


Tig.  608. — Transverse  Sections  of  the  Genital  Cord  ix  a  Female  Calf   Embryo. 
Magnified  14  diameters  (from  Kolliker). 

1,  near  the  upper  end  ;  2  and  3,  near  the  middle  ;  4,  at  the  lower  end  ;  a,  anterior, 
2?,  posterior  aspect ;  m,  Miillerian  ducts,  united  or  separate  ;   W,  Wolffian  ducts. 

ing  parts  of  the  ducts  where  they  emerge  from  its  enclosure.  The  lower 
part  of  the  united  Miillerian  ducts  thus  comes  afterwards  to  form  the 
foundation  of  the  vagina  and  lower  part  of  the  uterus  in  the  female, 
and  the  corresponding  prostatic  vesicle  with  its  occasional  accompani- 
ments, or  the  uterus  masculinus  of  the  male. 


EEPBODUCTIVE    ORGANS. 

In  the  farther  history  of  the  development  of  the  genital  organs  it 
will  be  expedient  to  consider  them  in  the  two  sexes  in  succession  under 

Fig.  609.  Fig-    609. — Internal  Genital   Organs  of  a  Male 

Human  Embryo  of  3^  inches  long  (from  Waldeyer). 

t,  body  of  the  testicle  -with  seminal  canals  formed  ; 
e,  epididymis,  or  upper  part  of  Wolffian  body  ;  w,  Wolf- 
fian body,  lower  part,  becoming  paradidymis  or  organ  of 
Giraldes  ;  %v'.  Wolffian  duct,  becoming  vas  deferens  ;  g, 
gubernaculum. 

the  three  heads  of  1st,  the  productive 
organs  ;  2nd,  the  conducting  passages  ;  and 
3rd,  the  external  organs. 

Reproductive  Glands. — It  has  already 
been  explained  that  although  the  male  and 
female  productive  organs  take  their  origin 
from  a  mass  of  blastema  which  is  on  the 
whole  identical  in  the  two  sexes,  yet  there 
are  such  differences  in  the  development  of 
the  essential  parts  of  the  respective  structures  of  the  ovary  and  testicle 
as  almost  to  warrant  the  conclusion  that  these  organs  are  from  the  first 
in  some  measure  distinct. 
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The  distinction  of  sex  begins  to  be  perceptible  in  the  internal  organs 
of  the  human  embryo  in  the  seventh  Aveek,  and  becomes  more  apparent 
in  the  eighth.  The  reproductive  gland  is  from  the  first  connected  with 
the  Woliiian  body,  of  which  its  blastema  seems  to  be  actually  a  part  ; 
and  it  remains  attached  to  it,  or  after  its  disappearance  to  the  structure 
wliich  occupies  its  place,  by  a  fold  of  the  peritoneal  membrane,  consti- 
tuting the  mesorchium  or  mesovarium.  Upper  and  lower  bands  fix 
the  Wolffian  body  ;  the  upper  passing  to  the  diaphragm  may  be  named 
the  diaphragmatic  ;  the  lower  running  down  towards  the  groin  from 
the  Wolfl&an  duct,  contains  muscular  fibres  and  constitutes  the  future 
giibemaculum  testis  and  round  ligament  of  the  uterus. 

Tke  Testicle. — In  male  embryoes  at  the  tenth  week  already  seminal 
canals  are  visible,  being  at  first,  according  to  Kolliker,  entirely  composed 
of  cells,  but  by  the  eleventh  and  twelfth  weeks  the  tubes  have  become 
somewhat  smaller,  longer,  and  are  now  branched  and  possess  a  mem- 
brana  propria.  There  is  also  by  the  end  of  the  third  month  a  com- 
mencement of  lobular  division,  and  the  body  of  the  testis  is  now- 
covered  with  a  condensed  layer  of  fibrous  tissue  wliich  forms  the  tunica 
albuginea* 

In  connection  with,  the  development  of  the  spermatic  filaments  or  spermatozoa, 
the  essential  part  of  the  male  reproductive  element,  previously  referred  to  at 
p.  448  of  this  volume,  it  may  here  further  be  stated  that  renewed  researches  by 
Neumann  (Ai'chiv  filr  Microsc.  Anat.,  vol.  si.,  p.  292),  appear  to  show  that  the 
•doubts  thrown  by  Sertoli  and  Merckel  on  the  statements  of  V.  Ebner  are  not 
-well  founded,  that  there  really  exist  within  the  seminal  ducts  protoplasmic 
columns  stretching  from  within  the  wall  of  the  tube  into  its  cavity,  and  that  the 
spermatic  filaments  are  produced  in  connection  with  the  inner  ends  of  the 
columns  as  branched  lobes,  amounting  in  general  to  ten  or  twelve  in  number,  in 
which  the  heads  lie  outwards  imbedded  in  the  protoplasmic  stalk,  and  the  fila- 
ments or  tails  are  directed  inwards  towards  the  central  lumen  of  the  tube.  Each 
stalk,  or  spermatoblast,  as  Neumann  proposes  to  name  it,  possesses  a,  large  clear 
nucleus  with  nucleolus,  and  previous  to  the  formation  of  the  heads  there  are 
nuclei  corresponding  in  number  to  them,  which  do  not,  however,  appear  to  arise 
directly  from  di^dsion  of  the  main  nucleus  of  the  stalk,  but  rather  to  be  formed 
as  free  nuclei  in  the  protoplasm.  Each  spermatozoon  consists  of  three  parts, 
Avhich  are  most  easily  distinguished  in  those  which  have  not  reached  their  stage 
■of  full  development.  These  parts  are,  1st,  the  head,  or,  as  it  may  from  its  form 
in  some  animals  be  called,  the  hook  ;  2nd,  the  body  or  middle  part,  forming  a 
slight  thickening,  and  frequently  of  a  vesicular  appearance  ;  and  8rd,  the  fila- 
ment or  tail.  The  first  of  these  proceeds  more  immediately  from  a  nucleus,  the 
second  is  the  remains  of  the  protoplasmic  covering  of  a  spennatoblastic  lobe,  the 
ttiird  is  a  ciliated  production  from  the  last.  The  bases  of  the  spermatoblasts  ai'e 
attached  to  the  inner  surface  of  the  fibrous  coat  of  the  seminal  canals,  to  which 
they  furnish  a  comiDlete  lining,  being  set  closely  upon  it  like  a  layer  of  hesagonal 
plates.  The  stalks  rise  as  tapering  processes  from  these  plates,  and  in  the  inter- 
vals between  the  stalks,  necessarily  largest  towards  the  periphery,  there  is  a 
number  of  opaque  granular  spherical  cells,  the  exact  natru-e  of  which  is  not 
ascertained,  but  which  it  is  conjectured  may  be  the  source  of  new  sper- 
matoblasts. 

An  interesting  view  is  presented  by  Neumann  of  the  analogy  of  these  spei-ma- 
toblasts  of  the  seminal  tubes  with  the  much  elongated  cUiated  cells  which  are 
found  in  the  canals  of  the  coni  vasculosi  and  tube  of  the  epididymis,  in  accord- 
ance with  which  it  may  be  held  that  the  spermatic  filaments  are  a  peculiar  form 
cf  ciliary  structui-e,  developed  from  protoplasmic  elements  of  a  cellular  nature,  but 
T/hich  undergo  a  peculiar  modification  in  connection  with  the  special  destination, 
of  the  spermatozoa. 


^t 
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Tlie  Ovary. — Considered  as  a  glandular  organ  the  ovary  differs  from 
other  glands  hy  the  absence  from  it  of  excretory  ducts,  and  by  the 

Fig.  610.  Fig.  610. — Internal    Organs    op    a    Feiiale 

Human  Fcettjs  of  3 4-  inches  long.  Magnified 
(from  Waldeyer). 

o,  the  ovaiy  full  of  primordial  ova  ;  e,  tubes 
of  the  upper  part  of  the  Wolffian  body  forming 
the  epoophoron  (parovarium  of  Kobelt)  ;  W,  the 
lower  part  of  the  Wolffian  body  forming  the 
paroophoron  of  His  and  Waldeyer  ;W',  the  Wolffian 
duct ;  M,  the  Miillerian  duct ;  in,  its  upper 
fimbriated  opening. 

;  :':   \  separation  of  its  conducting  passages 

/  '    ,     ;;  from  the  glandular  or  productive  part 

Lf  ' -,:     :?     ;-->.'i  of  its  structure.     Like  the  testicle  it 

\{  "  ;'    ■      ,  :  begins  to  manifest  its  peculiar  charac- 

teristics by  the  seventh  or  eighth  week, 
when  the  germ-epithelium  has  attained 
considerable  thickness,  and  forms  a 
decided  prominence  on  the  mesial  side 
of  the  Wolfiian  body.  The  farther  de- 
velopment of  the  glandular  part  of  the  organ  consists  mainly  in  the 
formation  of  ovigerms  and  ova,  and  the  implantation  of  these  in 
Graafian  follicles  by  a  peculiar  combination  or  intermixture  of  the 
superficial  germinal  cells  with  the  deeper  blastema  which  forms  the 
stroma  of  the  organ. 

In  a  former  part  of  this  volume,  under  Ovary,  p.  478,  the  development  of  the 
primordial  ova  from  a  certain  number  of  the  cells  of  the  germ-epithelium  and 
their  enclosiu-e  in  G-raaiian  follicles  l^y  the  growing  stroma  of  the  ovary  have 
been  described  according  to  the  most  recent  observations  of  "Waldeyer,  KoUiker 
and  J.  Foulis.  The  publication  of  the  very  careful  researches  of  the  last  obsen^er 
enables  us  to  add  some  important  details  to  the  previous  description. 

Figure  611,  copied  from  some  of  Foulis's  plates  (Trans.  Roy.  Soc,  Edin.,  187.5) 
wHl  best  show  what  from  these  observations  appears  to  be  the  most  probable 
view  of  the  mode  of  development  of  ova  in  the  human  ovary.  At  e,  fig.  611,  B, 
is  seen  a  portion  of  the  germ-epithelium,  and  at  o',  one  of  the  cells  undergoing- 
enlargement  and  conversion  into  an  ovigerm  or  primordial  ovum.  Of  this  the 
outer  protoplasm  becomes  the  yolk,  and  the  nucleus  the  germinal  vesicle  with  its 
nucleolus  or  macula.  At  o,  a  single  ovigerm,  and  at  o'.  clusters  of  ovigerms  in 
various  stages  of  development  have  sunk  into  the  ovarian  stroma,  and  are  being' 
surrounded  collectively  and  individually  by  the  growth  of  the  connective  tissue 
of  the  ovarian  stroma  advancing  from  below.  Some  of  the  ovigerms  in  the 
clusters  are  more  advanced  than  the  rest,  and  in  these,  as  also  in  the  isolated 
ovigerm  represented  in  C,  a  covering  of  altered  connective  tissue  coi-puscles  is 
seen  to  be  forming  round  the  yolk  protoplasm.  This  is  the  origin  of  the  cells 
of  the  tunica  granulosa,  which  Foulis  has  shown  are  not  produced,  as  W^aldeyer 
believed,  from  germ-epithelial  cells,  but  from  the  interstitial  connective  tissue 
of  the  deeper  ovarian  stroma.  In  A,  o,  o,  the  cell  fibres  of  the  stroma  (?t,  n,) 
are  seen  surrounding  several  individual  ova,  so  as  to  furnish  the  first  elements 
of  the  wall  of  the  Graafian  follicles  enveloping  the  ova,  and  covering  imme- 
diately the  granular  cells.  In  D,  representing  an  ovum  somewhat  farther 
advanced,  the  enlarged  yolk-protoplasm  and  the  germinal  vesicle  are  shown 
entire,  -with  a  fragment  of  the  granular  ceU  covering  and  fibro-cellular  wall  of 
the  Graafian  follicle  ;  but  the  zona  pellucida  is  not  yet  perceptible. 
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The  furtlicr  steps  in  the  formation  of  the  ovum,  as  ascertained  by  the  observa- 
tions of  Foulis,  consist  mainly  in  the  enlargement  of '  the  mass  of  yolk  proto- 
plasm, the  formation  of  a  certain  quantity  of  albuminous  and  fatty  granules  in 
combination  -nath  it  (deutoplasm  of  Edw.  van  Beneden)  ;  and  the  fonnation  ex- 
ternally of  the  zona  pellucida  or  yolk-membrane  by  a  consolidation  cf  the  outer 
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Fig.  611. — Views  op  the  Formation  of  Ova  and  Graafian  Follicles  in  the  Ovart 

(from  Foulis). 

A,  small  portion  of  the  ovary  of  a  human  foetus  of  3J  months,  showing  primordial 
ova  imbedded  in  the  stroma  ;  o,  larger  primordial  ova  ;  o'  cluster  of  earlier  ova  ;  n,  fusi- 
form corpuscles  of  the  stroma.  B,  portion  of  the  ovary  near  the  surface  in  a  human 
fcetus  of  74  months,  showing  the  manner  of  inclusion  of  the  germ  epithelium  corpuscles 
in  groups  in  the  ovarian  stroma  ;  e,  germ  epithelium ;  e',  one  of  the  cells  enlarging  into  a 
primordial  ovum  before  sinking  into  the  stroma  ;  o,  a  larger  cell  imbedded,  becoming  an 
ovum  ;  0',  groups  of  ovigerms  or  germ  cells  which  have  been  surrounded  by  the  stroma. 
C,  young  ovum  from  the  same  ovary,  isolated  ;  p,  yolk  protoplasm.  D,  ovum  more  advanced, 
enclosed  in  condensed  stroma,  which  begins  to  form  a  Graafian  follicle  ;  p,  yolk  proto- 
plasm ;  V,  germinal  vesicle  with  macula  ;  g,  the  fusiform  corpuscles  now  converted  into 
the  gi'anular  cells  ;  Gf,  condensed  stroma  forming  the  wall  of  the  Graafian  follicle. 

layer  of  the  yolk  substance.  And  here  it  may  be  remarked  that  the  recent 
observations  of  Oellacher  and  Balfour  on  the  radiated  structure  of  the  yolk  proto- 
plasm may  explain  in  some  degree,  or  be  connected  with  the  linear  radiated 
marking  of  the  zona  pellucida. 

Such  is  the  number  of  ova  formed  in  the  manner  now  described,  that 
in  the  human  foetus  of  six  to  seven  months  the  whole  substance  appears 
to  consist  of  them  and  their  newly  formed  Graafian  follicles,  by  which 
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eacli  primordial  ovum  is  closely  embraced.  A  uniform  layer  of  such 
ova  of  nearly  equal  size  is  especially  to  be  found  tov^ards  the  surface  ; 
but  in  the  two  later  months  of  fcetal  life  some  of  the  ova  and  follicles 
advance  to  a  farther  stage  of  development,  and  inci'ease  in  size,  and 
this  advance  is  invariably  accompanied  by  a  change  of  position  of  these 
ova  to  a  deeper  stratum  of  the  ovary.  The  most  advanced  of  the  ova, 
therefore,  are  situated  deepest  in  this  the  earlier  stages  of  the  ovarian 
development.  It  is  different,  hovrever,  when  some  years  after  birth, 
and  still  more  towards  the  age  of  puberty,  a  few  of  the  Graafian  follicles 
expand  to  a  great  extent,  and  ultimately  when  mature  reach  the 
diameter  of  about  a  quarter  of  an  inch,  for  then  the  expanding 
Graafian  follicle  gradually  approaches  the  surface  of  the  ovary,  or 
perhaps  rather,  during  the  rapid  expansion  of  the  follicle,  the  ovarian 
stroma  gives  way  by  absorption  between  the  follicle  and  the  surface. 

As  the  Graafian  follicle  expands  with  the  slightly  eularging  ovum,  the 
thickness  of  the  layers  of  condensed  connective  tissue  or  stroma  round 
the  ovum  increases,  and  thus  there  are  gradually  formed  the  layers  which 
have  been  described  as  the  follicular  walls,  while  blood-vessels  penetrate 
into  them  so  as  to  form  the  vascular  network  of  the  covering.  Within  the 
follicle  the  granular  cells  multiply  so  as  to  form  several  layers  lining  the 
whole  follicle  and  closely  covering  the  ovum.  As  yet  there  is  no  space 
between  the  ovum  and  wall  of  the  follicle  except  that  which  is  occupied 
by  the  granular  cells,  and  for  a  long  time  the  follicle  is  not  larger  than 
to  enable  it  to  enclose  the  ovum  ;  but  in  the  more  advanced  stages  a 
proportionally  great  enlargement  of  the  follicle  takes  place,  in  conse- 
quence of  the  separation  of  two  layers  of  the  granular  cells,  so  as  to 
form  a  space  in  which  fluid  accumulates,  and  thus  one  or  more  layers 
of  cells  are  left  lining  the  expanded  follicle  and  constituting  its  tunica 
granulosa,  while  those  covering  the  ovum,  which  is  now  thrown  to  one 
side  of  the  follicle,  form  the  investment  known  as  the  discus  proligerus, 
■which  appears  as  a  reflected  portion  of  the  tunica  granulosa  (see 
figs.  335  and  336,  pp.  473  and  475). 

As  connected  with  the  difference  in  the  seat  and  mode  of  development  of  the 
essential  parts  of  the  male  and  female  productive  organs,  the  important  question 
presents  itself  of  the  possibility  or  reality  of  the  simultaneous  coexistence  in  any 
cases  of  malformation  of  ovaries  and  testes  on  one  or  both  sides  of  the  body  in 
the  same  individual.  From  what  has  been  stated  above,  the  possibility  of  such 
coexistence  may  perhaps  be  theoretically  admitted.  On  this  subject  the  reader 
may  consult  an  interesting  account  by  Dr.  C.  L.  Heppner  of  St.  Petersburg 
(Reichert's  and  Dubois  Reymond's  Archiv  for  1870,  p.  679),  of  a  hermaphroditic 
child  which  lived  two  months  after  birth,  m  which,  along  with  a  considerable 
amount  of  the  better  kno^Ti  conditions  of  approximation  or  mingling  of  the 
seximl  characters,  it  appeared  that  two  organs  coexisted,  in  one  of  which,  agreeing 
in  all  respects  with  the  ovary,  primordial  ova  in  Graafian  follicles  were  observed, 
and  in  another  of  a  distinctly  rounded  form  and  compact  structure,  and  so  far 
corresponding  to  the  testicle  and  unlike  any  of  the  other  known  vestigial  organs, 
branched  and  coiled  tubes,  filled  with  cells  in  a  manner  exactly  the  same  as 
those  of  the  seminal  canals,  were  ascertained  by  microscopic  obsen'^ation  to  exist. 
The  parovarium  (epididymis  or  coni  vasculosi)  also  existed. 

The  genital  passages. — The  existence  of  two  sets  of  tubes  between 
the  internal  productive  organs  and  the  external  parts  has  already  been 
adverted  to  as  a  feature  common  to  both  sexes.  The  female  organs  con- 
trast Avith  the  male  in  the  large  development  of  one  of  these  tubes,  viz., 
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the  Mulleriaii  ducts  into  their  passages,  and  in  the  abortive  disappear- 
ance of  the  greater  part  of  the  Wolffian  ducts  ;  while  in  the  male  the 
ducts  of  Miiller  suffer  in  a  great  measure  the  abortive  retrogradation, 
and  the  seminal  conducting  tubes  are  produced  out  of  canals  formed 
within  special  parts  of  the  Wolffian  body  and  the  whole  of  the  Wolffian 
duct.  But  as  in  all  embrvoes  of  whatever*  sex  both  sets  of  tubes  are 
originally  present,  while  a  different  one  of  the  original  tubes  becomes 
developed  into  the  respective  permanent  conducting  passages,  vestiges 
of  the  other  original  tubes  are  invariably  present  in  various  degrees  in 
both  sexes. 

The  Female  passages. — In  the  female,  the  vagina,  uterus,  and 
Fallopian  tubes  are  formed  out  of  the  Miillerian  ducts.  That  portion 
of  the  ducts  in  which  they  become  fused  together  is  developed  into  the 
vagina,  the  cervix,  and  part  of  the  body  of  tlie  uterus  ;  and  the  pecu- 


Fig.     612.  —  DiA-  Fig.  612. 

GRAM  OF  THE  FE- 
MALE      TrPE     OF 

Sexual  Okgans. 

This  and  figure 
615  represent  dia- 
grammaticailj^  a 
state  of  the  parts 
not  actually  yisi- 
ble  at  one  time ; 
but  they  are  in- 
tended to  illustrate 
the  general  type  in 
the  two  sexes,  and 
more  particularly 
the  relation  of  the 
two  conducting 
tubes  to  the  develop- 
ment of  one  as  the 
natural  passage  in 
either  sex,  and  to 
the  natural  occur- 
rence of  vestiges  of 
the .  other  tube,  as 
well  as  to  the  per- 
sistence of  the  whole 
or  parts  of  both 
tubes  in  occasional 
instances  of  herma- 
phroditic nature. 

1,  the  left  kid- 
ney ;  2,  suprarenal 
body  ;  3,  ureter,  of 
which  a  part  is  re- 
moved to  show  the 

parts  passing  v.^ithin  it  ;  4,  urinary  bladder  ;  5,  urachus  ;  o,  the  left  ovary  nearly  in  the 
place  of  its  original  formation  ;  2>  o,  parovarium,  epoophcron  of  Waldeyer  ;  W,  scattered 
remains  of  Wolffian  tubes  near  it,  paroophoron  of  Waldeyer  ;  d  G,  remains  of  the  left 
Wolffian  duct,  such  as  give  rise  to  the  duct  of  Gaertner,  represented  by  dotted  lines  ; 
that  of  the  right  side  cut  short  is  marked  vj  ;  /,  the  abdominal  opening  of  the  left 
Fallopian  tube  ;  u,  the  upper  part  of  the  body  of  the  iiterus,  presenting  a  slight  appear- 
ance of  division  into  cornua  ;  the  Fallopian  tube  of  the  right  side  cut  short  is  marked 
m ;  g,  round  ligament,  corresponding  to  gubernaculum  ;  i,  lower  part  of  the  intestine ; 
V  a,  vagina  ;  Ji,  situation  of  the  hymen  ;  C,  gland  of  Bartholin  (Cowper's  gland),  and 
immediately  above  it  the  urethra;  c  c,  corpus  cavernosum  clitoridis  ;  «f,  vascular  bulb  or 
corpus  spongiosum  ;  n,  nympha  ;  I,  labium  j  v,  vulva. 
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liarity  of  the  mode  of  fusion  accounts  for  the  occurrence,  as  a  rare 
anomaly,  not  only  of  double  uterus,  but  of  duplicity  of  the  vagina, 
coincident  with  communication  between  two  lateral  halves  of  the  uterus. 
The  next  following  part  of  the  Miillerian  duct,  constitutes  in  animals 
with  horned  uteri,  the  cornu  of  the  nterus  ;  but  in  the  human  subject 
it  remains  comparatively  short,  entering  into  the  formation  of  the  upper 
part  of  the  organ.  The  remaining  upper  portion  of  the  Miillerian  ducfc 
constitutes  the  Fallopian  tube — becoming  at  first  open  and  subsequently 
fringed  at  a  short  distance  from  its  upper  extremity. 

The  pedicTilated  hydatid  of  the  fimbriated  extremity  (Hydatid  of  Morgagni) 
appears  to  be  the  remains  of  the  original  upper  end  of  the  Miillerian  tube. 
The  additional  or  accessory  fimbriae  and  openings  refen-ed  to  at  p.  471,  and  by 
Henle  in  his  Handbuch,  vol.  ii.,  p.  470,  may  admit  of  explanation  on  the  suppo- 
sition of  the  duct  of  Miiller  having  remained  open  at  these  places. 

In  the  human  embryo  of  the  third  month  the  uterus  is  two-homed,  and  it  is 
by  a  subsequent  median  fusion  and  consolidation  that  the  triangular  body  of  the 
entire  organ  is  produced.  The  comua  uteri,  therefore,  of  the  human  uterus 
correspond  with  the  separate  comua  of  the  divided  uterus  in  animals,  and  this 
explains  the  occasional  malformation  consisting  in  the  greater  or  less  division  of 
the  uterine  cavity  and  vagina  into  two  passages.    There  is  no  distinction  in  the 

FifT.  613. 


Kg.  613. — Female   Genital    Organs   of   the   Embryo   with   the  Remains  of  the 
Wolffian  Bodies  (after  J.  Miiller). 

A,  from  a  foetal  sheep  ;  a,  the  kidneys ;  h,  the  ureters  ;  c,  the  ovaries  ;  d,  remains  of 
Wolffian  bodies  ;  c,  Fallopian  tubes  ;  /,  their  abdominal  openings  ;  g,  their  union  in  the 
body  of  the  iiterus.  B,  more  advanced  from  a  fcetal  deer ;  a,  body  of  the  uterus  ;  h, 
comua  ;  c,  tubes  ;  d,  ovaries  ;  e,  remains  of  Wolffian  bodies.  C,  still  more  advanced 
from  the  human  fcetus  of  three  months  ;  a,  the  body  of  the  uterus  ;  6,  the  round  liga- 
ment ;  c,  the  Fallopian  tubes  ;  d,  the  ovaries  ;  e,  remains  of  the  Wolffian  bodies. 

human  foetus  in  the  third  and  fourth  month  between  the  vagina  and  uterus.  In 
the  fifth  and  sixth  months  the  os  uteri  begins  to  be  foimed,  and  the  neck  is  sub- 
sequently gradually  distinguished.  Thickening  succeeds  in  the  walls  of  the 
uterine  portion  ;  but  this  takes  place  first  in  the  cervix,  which  up  to  the  time  of 
birth  is  much  larger  and  thicker  than  the  body  of  the  uterus  (KoUiker). 

In  the  meantime  the  Wolffian  bodies  undergo  a  partial  atrophy,  and  their  ducts 
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become  more  or  less  obliterated  and  abortive  in  different  parts.  The  most  con- 
stant vestige  of  the  Wolffian  bodies  in  the  female  is  the  now  well-knoT\-n  body 
of  Rosenmiiller  or  Parovarimn  of  Kobelt  (Rosenmiiller,  Qutedam  de  Ovariis 
Embry.  Human.,  Lipsice.  1802  ;  Kobelt,  der  Xebeneierstock  des  Weibes,  Heidelberg-, 
1817),  which  has  already  been  described  at  p.  480  of  this  volume,  the  cpoophoron 
of  Waldeyer,  and  which,  being  produced  out  of  the  same  elements  as  the  epididy- 
mis of  the  male,  presents  a  remarkable  resemblance  to  that  body.  The  canal 
uniting  the  radiating  tubes  (coni  vasculosi)  of  this  organ  is  also  usually  persistent, 
but  ceases  at  a  short  distance  below.  In  the  sow  and  several  ruminants,  how- 
ever, the  subdivided  upper  tubular  part  or  epoophoron  has  disappeared,  and  the 
main  tube  (middle  part  of  the  Wolffian  duct)  remaius  in  the  duct  of  Gacrtner,  a 
strong,  slightly  undulated  tube,  which  is  traceable,  first  free  in  the  broad  ligament 

Fig.  614. 


Fig.   614. — Adult  Ovari',   Parovaeiuh  axd  Falloi'Iaii   Tube   (from  Farre,  after 

Kobelt). 

a,  a,  EpoopLoron  (parovarium)  formed  from  the  upper  part  of  the  "Wolffian  body  ; 
1),  remains  of  the  uppermost  tubes  sometimes  forming  hydatids  ;  c,  middle  set  of  tubes  ; 
d,  some  lower  atrophied  tubes  ;  e,  atrophied  remains  of  the  Wolffian  duct  ;  /,  the  terminal 
bulb  or  hydatid  ;  h,  the  Fallopian  tube,  originally  the  duct  of  Miiller  ;  i,  hydatid 
attached  to  the  extremity  ;  I,  the  ovary. 


of  the  uteras,  and  lower  down  becoming  incoi-porated  with  the  wall  of  the  uterus 
and  vagina,  upon  which  last  it  is  lost. 

The  Male  Passages. — The  conversion  of  the  Wolffian  duct  into 
the  vas  deferens  of  the  testicle  was  first  demonstrated  in  animals  by 
Eathke,  in  correction  of  the  views  of  J.  Miiller  (Meckel's  Archiv,  1833), 
and  was  further  proved  and  illustrated  by  H.  Meckel  and  Bidder  (H. 
Meckel,  Zur  Morphol.  der  Harn  und  Geschlechts-Oi-gane  der  Wirbel- 
thiere,  Halle,  1848 ;  Bidder,  Male  Organs  in  the  Amphibia,  Dorpat, 
184G).  Kolliker  showed  that  a  similar  process  occurs  in  the  human 
embryo,  and  that  a  communication  established  between  the  seminal 
tubes  of  the  testicle  (rete  testis)  and  some  of  the  upper  tubes  of  the 
Wolffian  body  gave  rise  to  the  epididymis. 

The  observations  of  Clelaud  and  Banks  first  pointed  out  clearly  the 
difference  between  the  structure  of  the  upper  nonglomerular,  or  simpty 
tubular  part  of  the  Wolffian  body,  and  that  of  the  lower  and  glomerular, 
or  primordial-kidney  part. 
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In  the  male,  the  Miillerian  ducts  are  destined  to  undergo  little  development  and 
are  of  no  physiological  importance,  while  the  ducts  of  the  Wolffian  bodies,  and 
probably  also  some  part  of  their  glandular  substance,  form  the  principal  part  of 
the  excretory  apparatus  of  the  testicle.  The  imited  portion  of  the  Miillerian 
ducts  remains  as  the  vesicula  prostatica,  which  accordingly  not  only  corresponds 
with  the  uterus,  as  was  shown  by  Weber,  but  likewise,  as  pointed  out  by  Leuckart, 
contains  as  much  of  the  vagina  as  is  represented  in  the  male.  In  some  animals 
the  vesicula  prostatica  is  prolonged  into  cornua  and  tubes  ;  but  in  the  human 
subject  the  whole  of  the  ununited  parts  of  the  Miillerian  ducts  disappear,  except- 
ing, as  suggested  by  Kobelt.  their  upper  extremities,  which  seem  to  be  the  source 
of  the  hydatids  of  Morgag-ni.  The  excretory  duct  of  the  Wolffian  body,  from  the 
base  of  that  body  to  its  orifice,  is  converted  into  vas  deferens  and  ejaculatory 
duct,  the  vesicula  seminalis  being  formed  as  a  diverticulum  from  its  lower  part 
(Waldeyer). 

With  respect  to  the  formation  of  the  epididymis,  it  appears  certain  that  the 
larger  convoluted  seminal  tube,  which  fomis  the  body  and  globus  minor  of  the 
epididymis,  arises  by  a  change  or  adaptation  of  that  part  of  the  Wolffian  duct 
which  runs  along  the  outer  side  of  the  organ.    The  vas  aben-ans  or  vasa  aber- 
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Fig.  615. — Diagram  of 
THE  Male  Type  of 
SEXiTAii  Organs. 

1,  2,  8,  4,  and  5, 
as  in  figure  612  ;  t, 
testicle  in  the  place  of 
its  original  formation  ;  e, 
caput  epididymis  ;  v  d, 
vas  deferens  ;  W,  scat- 
tered remains  of  the  Wolf- 
fian body,  constituting  the 
organ  of  Giraldes,  or  the 
paradidymis  of  Waldeyer ; 
1)  h,  vas  aberrans  ;  m, 
Miillerian  duct,  the  upper 
part  of  ■which  remains  as 
the  hydatid  of  Morgagni, 
the  lower  part,  repre- 
sented by  a  dotted  line 
descending  to  the  pro- 
static vesicle,  consti- 
tutes the  cornu  and  tube 
of  the  uterus  masculinus  ; 
ff,  the  gubernaculum  ; 
V  s,  the  vesicula  semi- 
nalis ;  p  r,  the  prostate 
gland  ;  C,  Cowper's 
gland  of  one  side  ;  c  ^5, 
corpora  cavei'nosa  penis 
cut  short  ;  s  p,  corpus 
spongiosum  urethrse  ;  s, 
scrotum  ;  t',  together  with 
the  dotted  lines  above, 
indicates  the  direction 
in  which  the  testicle 
and  epididymis  change 
place  in  their  descent 
from  the  abdomen  into 
the  scrotum. 


rantia  of  Haller  ai^pear  to  be  the  remains  also,  in  a  more  highly  convoluted  form, 
of  one  or  more  of  the  tubes  of  the  Wolffian  body  still  adhering  to  the  excretory- 
duct  of  the  organ,  and  their  communication  with,  the  main  tube  of  the  epidi- 
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dymis  receives  an  explanation  from  that  circumstance.  As  to  the  coni  vasculosi 
in  the  upper  part  of  the  epididymis,  it  has  been  customary  to  regard  them  as 
produced  by  a  transformation  of  the  tubes  and  duct  in  the  upper  part  of  the 
Wolffian  body,  according-  to  the  views  most  fully  given  by  Kobelt ;  but,  accord- 
ing to  the  more  recent  obsei^vations  of  Banks,  the  origin  of  the  coni  vasculosi  is 
most  probably  due  to  a  process  of  development  occurring  in  a  new  stnicture  or 
mass  of  blastema  ■s^'hich  had  been  previously  observed  by  Cleland,  and  which  is 
formed  in  connection  with  the  upper  end  of  the  Wolffian  body,  and  close  to  the 
Mullerian  duct.  Within  this  blastema  Cleland  showed  that  the  tubes  of  the 
efferent  seminal  vessels  and  the  coni  vasculosi,  together  with  the  tube  which 
connects  them,  are  formed  anew,  whUe  the  tubes  of  the  lower  primordial-kidney 
pai-t  of  the  Wolffian  body  are  undergoing  an  atrophic  degeneration.  This  has 
been  confirmed  by  the  detailed  observations  of  Banks,  who  has  further  shown 
the  continuity  of  their  uniting-  tube  with  the  Wolffian  escretoiy  duct. 

According  to  this  vievv'.  the  caput  epididymis  must  be  regarded,  not  simply  as  a 
conversion  of  the  upper  part  of  the  Wolffian  body,  but  rather  as  a  new  forma- 
tion, or  superinduced  development  of  tubes  in  blastema  connected  with  it. 

The  coni  vasculosi,  so  formed,  become  connected  with  the  body  of  the  testicle 
by  means  of  a  short  straight  cord,  which  is  afterwards  subdivided  into  the  vasa 
efferentia.  The  peritoneal  elevation  descending  from  the  testis  towards  the  lower 
extremity  of  the  Wolffian  body,  is  the  upper  part  of  the  plica  gubernatrix.  and 
becomes  shortened  as  the  testicle  descends  to  meet  the  lower  end  of  the  epidi- 
dymis ;  the  peritoneal  elevation  which  passes  down  into  the  scrotum,  and  is 
continuous  with  the  other,  is  the  more  important  part  of  the  jalica  g-ubematrix, 
connected  with  the  gubemaculum  testis.  The  spermatic  arteiy  is  originally  a 
branch  of  one  of  those  which  go  to  the  Wolffian  body,  and  ascend  from  the 
surface  of  the  Wolffian  body  to  the  upper  part  of  the  testis,  along  the  ligaments 
connecting  them  ;  but,  as  the  testis  descends,  the  artery  lies  entii-ely  above  it, 
and  the  secreting  substance  of  the  AVolffian  body  remains  adherent  to  it ;  and 
hence  it  is  that  the  organ  of  Gnaldes,  which  consists  of  persistent  Wolffian 
tubules,  is  found  in  a  position  superior  to  the  epididjTnis.  (For  a  fuller  account 
of  this  subject  the  reader  is  referred  to  Banks  "-On  the  Wolffian  Bodies,"  Edin 
1864.) 


Fig.  616. — View  from   before   of  Fig.  616. 

THE  Adult  Testis  akd  Epididy- 
mis (from  Farre,  after  Kobelt). 

a,  a,  convoluted  tubes  in  -  tLe 
head  of  the  epididymis  developed 
from  the  upper  pai-t  of  the  Wolffian 
body  ;  h  and  /,  hydatids  in  the  head 
of  the  epididymis  ;  c,  coni  vasculosi  ; 
d,  vasa  aberrantia  ;  h,  remains  &f 
the  duct  of  Midler  with  i,  the 
hydatid  of  Morgagni  at  its  upper 
end  ;  I,  body  of  the  testis. 

The  Descent  of  the  Testicles. 

— The  testicles,  which  are  origin- 
ally situated  in  the  abdominal 
cavity,  pass  down  into  the 
scrotum  before  birth.   The  testicle 

enters  the  internal  inguinal  ring  in  the  seventh  month  of  foetal  life  :  by  the  end 
of  the  eighth  month  it  has  usually  descended  into  the  scrotum,  and,  a  little  time 
before  birth,  the  narrow  neck  of  the  peritoneal  pouch,  by  which  it  previously 
communicated  with  the  general  peritoneal  cavity,  becomes  closed,  and  the  pro- 
cess of  peritoneum,  now  entirely  shut  off  from  the  abdominal  cavity,  remains  as 
an  independent  serous  sac.  The  peritoneal  pouch,  or  processus  vaginalis,  which. 
passes  down  into  the  scrotum,  precedes  the  testis  by  some  time  in  ibS  descent, 
and  into  its  posterior  part  there  projects  a  considerable    columnar  elevation 
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already  alluded  to,  which  is  filled  with  soft  tissue,  and  is  termed  ^;Z/ca  gtthcrnatrix. 
There  is  likewise  a  fibrous  structui-e  attached  inferiorly  to  the  lower  part  of  the 
scrotum,  and  suiTOunding  the  peritoneal  pouch  above,  which  may  be  distin- 
guished as  the  fjuhcrnacular  cord,  both  this  and  the  plica  gubematrix  being 
included  in  the  general  term  guhernacvluvi  testis  (J.  Hunter).  The  gubernacular 
cord  consists  of  fibres  which  pass  downwards  from  the  sub-iDeritoneal  fascia, 
others  which  pass  upwards  from  the  superficial  fascia  and  integument,  and  others 
again  which  pass  both  upwards  and  downwards  from  the  internal  oblique  muscle 
and  the  aponeurosis  of  the  external  oblique ;  it  exhibits,  therefore,  a  fusion  of 
the  layers  of  the  abdominal  wall.  Superiorly,  it  surrounds  the  processus  vagi- 
nalis, without  penetrating  the  plica  gubernatrix ;  and  the  processus  vaginalis, 
as  it  grows,  pushes  its  way  down  tlu'ough  the  gubernacular  cord  and  disperses  its 
fibres.  By  the  time  that  the  testis  enters  the  internal  abdominal  ring,  the  pro- 
cessus vaginalis  has  reached  a  considerable  way  into  the  scrotum  ;  and,  as  the 
testis  follows,  the  plica  gubernatrix  becomes  shorter,  till  it  at  last  disappears  ; 
but  it  cannot  be  said  that  the  shoi-tening  of  the  plica  is  the  cause  of  the 
descent  of  the  testicle,  and  much  less  that  (as  has  been  held  by  some)  the  mus- 
cular fibres  of  the  gubernacular  cord  are  the  agents  which  effect  this  change  of 
position.  The  arched  fibres  of  the  cremaster  muscle  make  their  appearance  on 
the  siu-face  of  the  processus  vaginalis  as  it  descends,  while  its  other  fibres  are 
those  which  descend  in  the  gubernacular  cord.  (See,  for  a  further  account  of 
this  jjrocess,  and  the  various  views  which  have  been  held  with  regard  to  the 
descent  of  the  testicles,  Cleland,  "  Mechanism  of  the  Gubernaculum  Testis." 
Edinburgh,  1856.) 

The  External  Organs. — In  the  human  embryo,  as  in  that  of  animals,  the 
external  organs  are  up  to  a  certain  time  entirely  of  the  same  form  in  both  sexes  ; 
and  the  several  organs  which  afterwards  distmguish  the  male  and  female  exter- 
nally take  their  origin  respectively  from  common  masses  of  blastema  of  precisely 
similar  structure  and  connections.  The  common  cloaca  exists  tiU.  after  the  fifth 
week,  and  the  genital  eminence  from  which  the  clitoris  or  penis  is  formed  makes 
its  appearance  in  the  coiu'se  of  the  fifth  and  sixth  weeks  in  front  of  and  within 
the  common  orifice.  In  the  comrse  of  the  seventh  and  eighth  weeks  the  com- 
mon orifice  is  seen  to  become  divided,  into  two  parts,  viz.,  the  longer  slit  of 
the  genito-urinary  aperture  anteriorly,  and  the  naiTOwer  and  more  rounded  anal 
aperture  posteriorly  :  but  the  exact  manner  in  which  the  separation  of  these 
two  apertures  takes  place  has  not  yet  been  accurately  traced.  It  is  intimately 
connected  with  the  formation  of  the  urogenital  cord  as  an  independent  struc- 
ture, and  is  probably  mainly  efi:ected  by  the  advance  from  the  sides  and  poste- 
riorly of  septal  bands  which  separate  the  lower  paiii  of  the  intestine.  Somewhat 
later,  or  in  the  ninth  and  tenth  weeks,  a  transverse  integumental  band  completes 
the  division  between  the  anal  and  the  urogenital  orifices,  which  band  forms  the 
whole  of  the  so-called  perineum  of  the  female,  and  the  part  of  the  perineal 
integument  in  the  male  which  is  situated  behind  the  scrotum  ;  the  raphe  being 
most  obvious  in  the  male  sex. 

The  cutaneous  folds,  or  chcular  genital  ridge,  which  are  afterwards  convei-ted 
into  mons  Veneris,  labia  majora,  and  scrotum,  as  well  as  the  lips  of  the  urogenital 
furrow,  which  are  converted  into  the  nymphse  of  the  female  and  unite  as  integu- 
ment below  the  penis  in  the  male,  are  both  of  early  formation  and  at  first  pre- 
cisely the  same  in  all  embryoes.  In  this  condition,  which  continues  until  the 
eleventh  or  twelfth  week,  the  pai-ts  appear  alike  in  both  sexes,  and  resemble 
very  much  the  more  advanced  female  organs.  The  rudiments  of  Barthollii s  or 
Cowper's  glands  are,  it  is  said,  seen  at  an  early  period,  near  the  root  of  the 
rudimentary  clitoris  or  penis,  on  each  side  of  the  genito-urinary  passage. 

In  the  female,  the  two  lateral  cutaneous  folds  enlarge,  so  as  to  cover  the  clitoris 
and  form  the  lahla  majora.  The  clitoris  itself  remains  relatively  smaller,  and  the 
groove  on  its  under  surface  less  and  less  marked,  owing  to  the  opening  out,  and 
subsequent  extension  backwards,  of  its  margins  to  form  the  nympha;.  The  vas- 
cular bulbs  remain  distinct  and  separate,  except  at  one  point  where  they  run 
together  in  the  glans  clitoridis.  The  hymen  begins  to  appear  about  the  fifth 
month  as  a  fold  of  the  lining  membrane  at  the  opening  of  the  genital  passage 
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into  the  urogenital  sinus.  Within  the  vestibule,  which  is  the  shortened  but 
widened  remains  of  the  urogenital  sinus,  the  lu'ethi'al  orifice  is  seen,  the  lu-ethra 
itself  undergoing  considerable  elongation. 

In  the  male,  on  the  contrary,  thej^eim  continues  to  enlarge,  and  the  margins 
of  the  groove  along  its  under  surface  gradually  unite  from  the  primitive  urethral 
orifice  behind,  as  far  forwards  as  the  glans,  so  as  to  complete  the  long  canal  of 
the  male  vrcthra,  which  is  therefore  a  prolongation  of  the  urogenital  sinus.  This 
is  accomplished  about  the  fifteenth  week.  "When  this  union  remains  incomplete, 
the  abnormal  condition  named  lujpospadias  is  produced.  In  the  meantime  the 
2)vepucc  is  formed,  and,  moreover,  the  lateral  cutaneous  folds  also  unite  from 
behind  forwards,  along  the  middle  line  or  raphe,  and  thus  complete  the  serotinn, 
into  which  the  testicles  descend  in  the  coui-se  of  the  eighth  month  of  foetal  life. 

The  corpora  cavernosa,  which  are  at  fii'st  separate,  become  united  in  their 
distal  portions  in  both  sexes  ;  but  the  corjDUS  spongiosum  urethras  which  is 
also  originally  divided  in  all  embryoes,  and  in  the  female  remains  so  in  the 
greater  part  of  its  extent,  becomes  enlarged  in  the  male  in  the  glans  penis,  and 
its  two  parts  united  mesially  both  above  and  below  the  urethra,  so  as  to  enclose 
the  whole  of  that  tube  from  the  bulb  forwards  to  the  glans. 


TYPE  OF  DEVELOPMENT  AND  ABNORMAL  FORMS  OF  THE  GENITAL 

ORGANS. 

The  type  of  development  of  the  genital  organs  may  be  stated  to  differ  in  the 
several  parts  of  the  system  in  the  two  sexes  as  follows,  viz.  : — 

1st.  It  is  single  and  homological  in  the  external  organs. 

2nd.  It  is  double  and  heterological  in  the  middle  organs  or  passages. 

3rd.  It  is  partially  double  and  heterological  in  the  productive  organs. 

Accordingly  the  congenital  malformations  of  the  reproductive  organs  admit  of 
being  distributed  under  the  following  divisions  : — 

1st.  Abnormal  forms  attributable  to  deficient,  redundant,  or  abnormal  modes  of 
development  of  one  or  more  of  the  external  organs  in  either  sex,  producing  an 
approach  to  the  form  of  the  other  sex. 

2nd.  Forms  referrible  to  deficient,  redundant,  or  abnomial  modes  of  develop- 
ment of  one  or  other  of  the  two  sets  of  sexual  passages,  viz..  of  the  Wolffian  or 
MiiUerian  ducts,  so  as  to  lead  to  the  greater  or  less  predominance  of  sexual 
characters  in  a  part  or  the  whole  of  these  passages  inconsistent  with  those  pre- 
vailing in  other  parts  of  the  system,  or  to  the  coexistence  of  both  sets  of  pas- 
sages in  whole  or  in  part. 

3rd.  Extremely  rare  foiins  referrible  to  the  possible  coexistence  of  the  produc- 
tive parts  of  testicles  and  ovaries  in  the  same  individual,  usually  combined  with 
more  or  less  of  the  foregoing  kinds  of  malformation. 

Upon  the  subject  of  these  malformations  the  reader  may  consult  the  learned 
and  able  article  Hermaphroditism  by  Sir  James  Y.  Simpson  in  the  Cyclop,  of 
Anat.  and  Physiol. 

Upon  the  subject  of  malformations  in  general  the  following  works  are  recom- 
mended, viz.  : — 

Isid.  G-eoff.  St.  Hilah-e,  Hist.  Gen.  et  Partic.  des  Anomalies  de  T  Organisa- 
tion, &c.,  3  tom.  Paris,  1832 — 6  ;  Cruveilhier,  Anat.  Pathol.,  &c.,  Paris,  1830 — 42. 
Otto,  Sexcentorum  Monstrorum  desc  Anat.  Vratisl.,  181:1  ;  Th.  L.  W.  Bischoff, 
Uber  Missbildungen,  &c.,  in  R.  Wagner's  Handworterbuch  der  Physiol.,  1813  ; 
Wm.  Vrolik,  Tab.  ad  illustr.  Embryol.  Horn,  et  Mammal,  tarn  Natur.  quam  Abnor- 
mem,  Amstel.,  1849,  and  the  article  "  Teratology  "  by  the  same  author  in  Todd"s 
Cyclop,  of  Anat.  and  Physiol. ;  Aug.  Forster.  Die  Missbildungen  des  Menschen,  &:c., 
Jena,  1861  ;  as  also  the  systematic  works  of  Rokitanski  and  others  on  Patho- 
logical Anatomy. 

The  following  tabular  scheme  of  the  Coeresponding-  Paets  of  the 
j2:enito-urinary  organs  in  the  two  sexes,  and  of  then*  relation  to  the 
Formative  Rudiments  of  the  common  embryonic  type,  may  be  useful  in 
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fixing  attention  on  the  more  important  points  of  the  foregoing  descrip- 
tion, and  indicating  more  clearly  the  homologies  of  the  parts  : — 

FEJLiLE  Permanent.  Common  Embryonal.  Male  Permanent. 

I. —  COMMON    BLASTSIMA    OF 
REPRODUCTIVE   GLANDS. 

Ovary.  Body  of  Testicle. 

Purnishes  the  ovigerms  anil  re-  1.  Germ-epithelium  covering . .  Disappears,  and  is  replaced  by 
mains  on  the  surface.  serous     covering    of    tunica 

vaginalis. 

Forms  stroma  of  the  ovary  and    2.  Deeper  blastema Forms  glandular  seminal  tubes 

the  Graafian  follicles.  of  the  testis. 

II.- WOLFFIAN    BODIES. 

Transverse    tubes  of  epoophoron     1.  Upper  tubular  non-glomeru-  Vasa  efferentia  and  coni  vas- 

(ir     organ      of       Roseunniller        lar  iiart.  culosi  of  tlie  epididymis. 
(Parovarium). 

Paroophoron  (Wald.) 2.  Lower  glomerular  part  (pri-  Paradidymis  (Wald.),  organ  of 

mordial  kidneys).  Giraldes,  and  vasa  aberrautia. 

Bound  ligament  of  the  uterus   . .     3.  Ligament   of    the   AVolfflan  Gubemaoulum  testis. 

body. 

IIL- WOLFFIAN   DUCTS. 

Tube  of  the  Epoophoron  1.  L'liper  and  middle  parts Convoluted  tube  of  the  epididy- 
mis. 

Ducts  of  Gaertner,  in  cow  and  pig    2.  Lower  part Vas     deferens     and     vesiculie 

seminales. 

IV— MULLERIAN    DUCTS. 

Pimbriated     abdominal    opening    1.  Upper  extremity    Hydatid  of  Morgagni. 

.■iiid    terminal    and    occasional 
liyilatids 
Paliopian  tubes  2.  Middle  part Occasional    tubular    prolonga- 
tions of  uterus  masculinus. 

Vagina  and  uterus 3.  Lower  single  or  median  part    Uterus    masculinus     (vesicula 

prostatica). 

v.— GENITAL   CORD  AND 
SINUS  UROGENITALIS. 

Tissue  uniting  female  uretlira  and    1.  Substance  surrounding  geni-  Prostate  gland.     Muscular  and 

vagina.                                                  tal  cord.  glandular  tissue. 

Female  urethra    2.  L''pper    part    of    cavity    or  Upjier  part  of  prostatic  portion 

urinary  pedicle.  of  the  urethra. 

Ostium  vaginae.  Hymen 3.   Confluence  of   lu-inary  and    Verumontanum. 

genital  parts. 

Vestibule 4.  Lower  part Lower  part  of  prostatic  por- 
tion and  membranous  part  of 
urethra. 

Glands  of  Bartholin 5.  Common  blastema    Cowper's  Glands. 

VI.— EXTERNAL   ORGANS. 

1. — Vascular  parts. 

Crura  and  corpus  clitoridis a.  Coi'iiora  cavernosa Crura  and  corpus  penis. 

Glans    clitoridis     and    vascular    h.  Corpora  spougiosa    Glans   penis  and  spongy  body 

bulbs  separate)  of  urethra  (united). 
2.  Integumental  parts. 

Preputium  clitoridis a.  On  genital  eminence    Preputium  penis. 

Integumental  folds    of    nymphae    b.  Lips  of  genital  furrow Integument  and  raphe    below 

(separate).                    ''  ,  penis. 

labia  majora  (separate)    c.  Genital  ridges  (lateraP Scrotum  and  raphe  (united). 

Perineum  of  female,  with  raphe  .    d.  Transverse     interanogenital  Perineum     of     male     beliind 

baud.  scrotum,  with  raphe. 
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Abdomex  (ahcio,   I    hide)  regions    and 

viscera  of,  346 
Absorbents,  37,  183.     See  Lymphatics. 
Acervnlus   (dim.    of    accrvus,    a    heap) 

cerebri,  549 
Acid-albumin,  30 
Acids,  organic,  in  muscle,  122 

in  nerve-tissue,  160 
Adenoid   (oStjz',    a   gland ;    eloos,    form) 

tissue,  69 
Adipose  (adrps,  fat)  tissue,  59.   See  Fat. 
Adventitia  capillaris,  1 78 
Agminated  glands  (agmen,  a  troop),  210, 

365 
Air-cells,  275.     See  Lungs. 
Air-tubes,  274 
Ala  vespertilionis,  467 
Albinos,  pigment  wanting  in,  52 
Albumen,  3 

of  blood,  30 
Albuminoid  substances,  30 
Alimentary  canal,  300 

abdominal  portion  of,  346 
development  of,  698,  774 
Alhali-nlbumin,  30 

AUantois  (dAAas,  gen.  aWavros,   a  sau- 
sage), 704 
vascular  layer  of,  709 
Alveoli  (alveolus,  a  small  hollow  vessel) 
of  glands,  236 
lungs,  275,  276 
lymphatic  glands,  193 
mucous  membrane,  209 
salivary,  339 
of  stomach,  353 
Amnion  {aixviov),  703 
Amoeboid  {amceba  ;    elBos,   form)  move- 
ments in  cells,  12 
Ampullar  {am2ndla,  a  Mask  or  bottle)  of 
semicircular  canals,  642,  646 
of  Fallopian  tube,  471 
mammary  gland,  487 
vas  deferens,  450 
Amygdahe  (amygdcda,  an  almond),  335 

of  cerebellum,  518 
Anastomosis   {avd,    through ;    <Tr6tx.a,    a 

mouth),  165,  172 
Anatomy,  general,  i 

special,  of  the  viscera,  239 


Anfractuosities  {ctvfractus,   a  winding), 

523 
Annulus  ovalis  (oval  ring),  244 
Antihelix  (avri,  ofiposite  ;  helix),  628 
Antitragus  {avri,  opposite  ;  tragus),  627 
Antrum  pylori,  349 
Anus,  379 

development  of,  778 
Aorta  (probably  allied  to  aprdai,  I  sus- 
pend, and  aopT-np,  a  belt  or  strap 
to  hang  anytiiing  to,  from  its  ap- 
]iarently   suspending  the   heart), 
development  of,  791 
orifice  of,  251,  255 
Aortic  arches,  793 

valve,  251 
Apertura  scahie  vestibuli,  641 
Aponeurosis  {dno,  from  ;  vivpov,  a  string 

or  tendon),  6t, 
Appendices  epiploicte,  371 
Appendix  Cfeci  vermiformis,  374 

vesicfe,  425 
Aqueduct  (aqucecluctus,   an  aqueduct)  of 
cochlea,  644 
of  Sylvius,  552 
of  vestibule,  641 
Aqueous  humour,  626 
Arachnoid  {apdxvr},   a  spider  or  spider's 
web  ;  elSos,  shape)  membrane,  519 
peculiarity  of,  197 
Arbor  vita?,  (from    resemblance   of    the 
shrub  so-called)  of  cerebellum,  519 
titerinus,  464 
Akeolah  tissue,  53 

composition  and  pi'operties  of,  58 
development  of,  70 
fibres  of,  54 
regeneration  of,  69 
stnicture  of,  56 
vessels  and  nerves  of,  58 
Arteria  centralis  retina;,  618 

thyi-oidea  ima,  297 
Aeteries,  general  anatomy  of,  165 
anastomoses  of,  165 
coats  of,  167 
contractility  of,  171 
development  of,  791 
distribution  of,  164 
epithelium  of,  167 
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Arteries — contimied. 

muscular  tissue  of,  169 
nerves  of,  170 
physical  properties  of,  166 
sheath  of,  166 
small,  178 
structure  of,  166 
tortuosity  of,  165 
vessels  of,  170 
Aetepjes    or    Arteey,    auditory,    in- 
ternal, 662 
bronchial,  278 
ciliary,  603,  604 
deferent,  453 
hepatic,  384,  388,  390 
pulmonary,  development  of,  795 
distribution  of,  278 
orifice  of,  247,  255 
portion  at  root  of  lung,  273 
renal,  410 
spermatic,  453 

splenic,    399.     See  also  the  various 
organs   and    tissues    for    arteries 
belonging  to  them. 
Arytenoid  [apinaiva,  a  pitcher  or  ladle  ; 

ilhos,  shape)  cartilages,  280,  282 
Aryteno-epiglottidean  folds,  285 
Assimilating  property,  5 
Atrium  (a  court  before  a  house)  of  au- 
ricles of  heart,  244,  248 
of  vagina,  S12 
Auditory  canal,  external,  630 
hairs,  650 

nerve.     See  Neeve,  Auditory. 
pit  and  vesicle,  740,  768 
Auricle  {auricula,  the  outer  ear)  of  ear, 

626 
Auricles  of  heart.     See  Heaet. 
Auriculo-ventricular.     See  Heaet. 
Azotised  (azote,  nitrogen)  substances,  3 

Baetholin's  glands,  458 
Basement  membrane  of  glands,  232,  234, 
236 

of  mucous  membrane,  206 

of  skin,  214 
Basilar  membrane,  652,  655 
Basis  in  cerebral  peduncle,  555 
Bicuspid  (bis,  twice  ;  cuspis,  the  point  of 

a  weapon)  teeth,  302,  303 
Bile-duct,  common,  385 

ducts,  aberrant,  394 

commencement  of,  391 
structure  of,  393 
Bladder,  gall.     See  Gall- Bladder. 
Bladdee,  urinary,  419 

coats  of,  423 

development  of,  814 

female,  peculiarities  of,  420,  422 

ligaments  of,  420,  421,  422 

sacculated  and  fasciculated,  425 

structure  of,  423 

urethral  orifice  of,  423 

vessels  and  nerves  of,  426 
Blastide  (/SAao-To's,  a  germ),  679 


Blastoderm   (BKaarSs,    a    germ ;    Zepfj.01, 
skin),  675,  680,  681 

discovery  of  elements  of,  685 

layers  of,  683 

of  mammals,  688 

relation  to  development,  683 

vesicular,  682 
Blood,  18 

arterial  and  venous,  33 

chemical  composition  of,  23,  32 

coagulation  of,  34 

colouring  principles  of,  25 

corpuscles.      See  Coepuscles. 

hepatic,  34 

liipior  or  plasma  of,  24,  28 

occasional  constituents  of,  23 

physical  and  organic  constitution  of, 
18 

portal,  34 

renal,  34 

splenic,  400 
Blood-Vessels,  General  Anatomy,  163 

development  of,  180,  784 

See  the  several  organs  and  tissues, 

for  blood-vessels  belonging  to  them, 
Boxe,  General  Anatomy  of,  79 

chemical  composition  of,  80 

compact  and  cancellated,  81,  82 

formation  and  growth  of,  94 

l5anphatics  of,  93 

marrow  of,  gi 

nerves  of,  93 

periosteum  of,  91 

physical  properties  of,  80 

regeneration  of,  107 

structure  of,  81 

vessels  of,  92 
Bone-earth  phosphates,  8 
Bones,    cartilaginous    or    membranous, 

origin  of,  745 
Bones  of  ear,  635 

development  of,  740 
Brachia  (arms)  in  cerebrum,  551 
Beain.       See    Cerebeum    and    Ence- 

PHALOX. 

development  of,  750 
Branchial  {Ppdyxia,  gills)  arches,  793 
Breast.     Sec  Mammaey  Gland. 
Bronchi  {^poyxos,  the  windpipe),  265 

development  of,  783 

position  at  root  of  lungs,  273 

structure  of,  268 

vessels  and  nerves  of,  278 
Bronchia  {^poyxos,  the  windpipe),  274 
Bruch,  membrane  of,  601 
Brunner's  glands,  363 
Buccal  (bueca,  the  mouth),  glands  of,  30I 
Buffy  coat  of  blood,  24,  35 
Bulb,  arterial,  787 

division  of,  789 
Bulbi  vestibuli,  459 

Cadaveeic  rigidity,  125 
Caecum    (i.e.,    intestinum    ccecum,    the 
blind  gut),  374 
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Cfecum — continued. 

development  of,  7  78 
Calamus  scriptorius  (a  writing  pen),  506 
Calcar  avis  (a  bird's  spur),  542 
Calcification  of  teeth,  323 
Calices  (calix,  kvKi^)  of  kidnej^,  404 
Canal  of  cochlea,  652 

spiral,  643 

of  epididymis,  449 

of  Huguier,  632 

of  Xiick,  443,  467 

of  Petit,  621 

of  Recklinghausen,  594 

of  Schlemm,  595 

of  Wirsung,  396 
Canalicnli  in  bone,  85 

in  cement  of  teeth,  312 
Canalis  auricularis,  787 

centralis  modioli,  644 

membranaceus,  645,  652 

reuniens,  646,  653 

spiralis  modioli,  644,  662 
Cancelli  (lattice-work)  of  bone,  82 
Canine  teeth,  302,  303,  306 
tanthi  {k6.vQus,  the  corner  of  the  eye), 

.583 
Capillaries,  biliary,  392 
Capillary  {caxjillics,  a  hair)  blood-vessels, 

163,  ^IS 

development  of,  180 
structure  of,  177 
lymphatics,  184 
Caj)sulie  atrabiliarice,  413 
Capsule  of  Glisson,  386 
Cax^sirlo-pirpillary  membrane,  764,  767 
Caput  cEecum  coli,  374 

cornu  posterioris,  496,  509 
gallinaginis  (woodcock's  head),  438 
Carbonic  acid  in  blood,  25 
Carnin  {caro,  flesh),  122 
Cartilage  {carlilago,    gristle),    General 
Anatomy  of,  72 
articular,  72 

chemical  composition  of,  75 
costal,  75 
elastic,  78 
hyaline,  72 

development  of,  76 
ossified  at  end  of  bones,  90 
temporary,  72 
varieties  of,  72 
yellow,  78 
Cartilagines  alarum  nasi,  666 
laterales  nasi,  665 
minores  vel  sesamoidere,  666 
Cartilagotriticea  (wheat-shaped  cartilage), 

284 
Caruncula  (dim.  from  caro,  flesh)  lachiy- 

malis,  583 
CaruncTilce  myrtif  ormes,  458 
Casein  {caseus,  cheese),  3 

formation  from  albumen,  30 
Cauda  equina  (horse's  tail),  490 

development  of,  750 
Cavernous  tissue,  iSo 


Cells,  animal,  8 

changes  in,  1 1 

endogenous  formation  of,  14 

function  of,  ingrowth  of  textures,  15 

migi'ator}',  12 

movements  of,  12 

multiplication  of,  13 

production  of,  9 

in  relation  to  each  other,  14 

vegetable,  7 
See    also    various     Organs     and 
Tissues. 
Cellular  tissue,  53.   See  Areolae,  Tissue. 
Cement  of  teeth,  307,  312 

development  of,  320 
Centrum  ovale,  537 

Cerebellum    (dim.    of   cerebrum,   the 
brain),  515 

arteries  of,  576 

development  of,  753,  756 

fissures  of,  516 

folia  of,  516 

grey  matter  of,  520 

hemispheres  of,  525 

internal  structure  of,  518 

lobes  of,  517.     See  Lobes. 

middle  crus  of,  511 

minute  structm-e  of,  520 

peduncles  of,  516,  552 
development  of,  757 

position  of,  502 

weight  of,  581 
Cerebrin  {cerebrum,  the  brain),  159 
Cerebeo-Spinal  axis  or  centre,  General 
Anatomy  of,  125 

development  of,  691,  695,  746 
Special  Anatomy  of,  489 

fluid,  575 

nerves.     See  Nerves. 
Cerebrum  (the  brain),  522 

arteries  of,  576 

base  of,  533 

convolutions  of,  523.    Sec  Convolu- 
tions. 

commissures  of,  537 

development  of,  750 

exterior  of,  522 

fibres  of,  peduncular,  554 

transverse  or  commissural,  556 
longitudinal  or  collateral,  556 
Foville's  views  on,  557 

fissures  of,  523,  544.     See  Fissures. 

grey  matter  of,  558 

hemispheres  of,  522 

internal  parts  of,  537 

internal  structure  of,  553 

lobes  of,  523.  See  Lobes. 

measurements  of,  580,  581 

peduncles  or  crm-a  of,  533,  563 
development  of,  757 

venti-icles  of,  539,  543,  546 

weight  of,  577 

white  matter  of,  553 
Cerumen  {cera,  wax),  631 
Cheeks,  300 
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Chemical  composition  of  hitman  body,  3 
of  tissues.     Bee  tlie  several  tissues 

Chiasma  {x^o.C<^,  I  ^lark  with  the 
letter  X ;  crossing  or  decussation). 

536 
Choanie  narium,  342 
Cholesterine  (x"^^,  hile  ;  <7T€ap,  fat),  in 
red  corpuscles  'of  blood,  25 
in  nerve-tissue,  160 
C'holin.  159 

Chondriu  ixSvSpos,  cartilage),  3,  75 
Chorda  dorsalis,  692 
Chorda;  tendinea-,  247,  251 
Chorion  ixop^ov,  the  investing  membrane 
of  the.  fcetus),  706 
origin  of,  708 
Choroid   (xop^ov,  the  chorion  or  invest- 
ing membrane  of  the  fcetus  ;  eloos, 
sha]ie)  jjlexuses,  545 
of  fourth  ventricle,  513 
of  lateral  ventricles,  541 
of  third  ventricle,  546 
coat  of  eye,  598 

development  of,  767 
Choroidal  fold  or  fissure,  763 
Chyle  ixv^os,  juice),  37 
coagulation  of,  39 
constitution  of,  39 
corpuscles,  formation  of,  40 
Cicatricula,  674 
Cilia  {cilium,  an  eyelash),  eyelashes,  585 

vibratile,  46 
Ciliary  motion,  48 

cause  of,  50 
pi'ocesses,  601 
Cineritious  {fiinis,    ashes)    substance    of 

nervous  system,  126,  553 
Circulation  of  blood,  163 
changes  in,  at  birth,  803 
foetal,  799 

in  the  placenta,  719 
Circulus  articnli  A^asculosus,  75,  203 
majoi'  and  minor,  603 
venosus  of  nipple,  488 
Claustrum  (that  which  shuts  off),  549, 

.564 
Clitoris  {KXeWopis,  perhaps  from  KAefw,  I 
enclose),  456 
development  of,  811,  824 
erector  muscles  of,  457 
vessels  and  nerves  of,  459 
Cloacal  {cloaca,   a  sewer)  aperture,  699, 

778 
Coagulation    {coagulum,    a    clot).      Sec 

Br.ooD,  Chyle,  and  Lymph. 
Cochlea  {k6x>^os,  a  shell-fish  with  a  spiral 
shell),  643 
development  of,  772 
membranous,  651 
nerves  of,  662 
vessels  of,  662 
Collar  of  crus,  552 
CoUiculus  bulbi  urethra,  435 
nervi  optici,  607 
seminalis,  438 


Colloid  {K6k\a,  glue  ;  elSos,    shape)  sub- 
stances, 4 
Colon  {icuXov,  originally  limb,  the  great 
gnt),  376 
development  of,  778 
position  of,  348,  376 
Columella  cochleffi,  644 
Column,  posterior  vesicular',   499 
Columnffi  Bertini,  404 

carnefe  (fleshy  columns),  247,  250 
recti,  379 
rugarum,  460 
Comes  (a  companion  ;  pi.  comitcs),   172 
Commissure    (con,    together  ;     mitto,    I 
send)  cerebral,  anterior,   546,  556 
great,  537 

middle  or  grey,  546,  563 
posterior,  546,  556 
optic,  536 

of  spinal  cord,  493,  496,  500 
Conariuni  (comes,  the  fruit  of  the  fir), 

549 
Concha  {Koyxii,  a  shell),  626 
Conglobate   (con,    together  ;     globus,     a 

ball)  glands,  191,  210 
Conglomerate  (con,  together  ;  gJomero,  I 
gather  in  a  round   heap)  glands, 
236 
Coni  vasculosi,  449 

development  of,  823 
Conjunctiva,  583,  585 
Connective  tissue,  52 

cells  and  cell-spaces  of,  57 

relation  of  lymphatics  to,  186 
development  of,  70 
homogeneous,  70 
jelly-like,  68 
retiform,  69 

in  brain  and  spinal  cord,  136 
Contractility,    vital,    5.      Sec    also    ths 

various  tissues. 
Conus  arteriosus,  246,  247 

meduUaris,  491 
Convolutions    (con,    together ;    xolvo,     I 
roll)  of  cerebrum,  523 
angular,  529 
of  coi-pus  callosum,  532 
development  of,  759 
frontal,  526,  527 
hippocampal,  532 
of  island  of  Keil,  525,  530 
marginal,  532 
occipital,  524 
occipito-temporal,  532 
orbital,  527 
parietal,  528 
straight,  537 
supramarginal,  528 
temporo-sphenoidal,  530 
uncinate,  532 
Corium(skin),  213 

blood-vessels  and  lymphatics  of, 

216 
chemical  composition  of,  217 
development  of,  217 
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Corium — cont  inu  cd. 

nerves  of,  216 
structure  of,  213 
of  mucous  membrane,  206 
Cornea  [corncics,  horn}-),  592 
development  of,  767 
opaca,  589 

nerves  and  vessels  of,  597 
Cornicula  laryngis,  280,  282 
Cornu  Ammonis,  541 
Corona  glandis,  430 

radiata,  555 
Corpora  albicantia,  535 

development  of,  760 
Corpora  Arantii,  252 
Corpora  cavernosa  clitoridis,  457 
penis,  430,  431 
Corpora  geniculata,  551 
Corpora  mammillaria,  535 
Corpora  quadrigemina,  551 
development  of,  756 
gi-ey  matter  of,  563 
Corpora  striata,  541,  5-;.7 
development  of,  75D 
grey  matter  of,  563 
Corpus  callosum,  523,  537 

development  of,  760  ^ 

pedimcles  of,  536,  538 
Corpus  ciliare,  504 
Corpus  dentatmn  of  cerebellum,  519,  522 

of  olivary  body,  504 
Corpus  firabriatuni,  542,  544 
Corpus  Highmorianum,  446 
Corpus  luteum,  474 
Corpus  spongiosum  uTethrse,  430,  435 
Corpuscles  of  blood,  red,  19 

chemical  composition  of,  25 
formation  of,  40,  42 
proportion  of,  in  blood,  27 
sbape  and  size  of,  19 
structure  of,  20 
pale,  23 
of  cliyle,  39 

formation  of,  40 
concentric,  of  Hassall,  298 
of  connective  tissue,  57 
corneal,  594 
of  lymph,  s^ 

formation  of,  40 
osseous,  84 
of  thymus  gland,  298 
Corpuscula  tactus,  148 
Corti,  organ  of,  657 
Cowper's  glands,  440 

development  of,  824,  826 
Cranium,  development  of,  732 
Crassamentum  {c7'assus,  thick)  of  blood, 

19 
Creatin  and  creatinin  {Kpeas,  iiesh),  31 
in  mirscle,  122 
in  nerve-tissue,  160 
Cremasteric  {Kpeixda,  I  suspend)  layer  of 

scrotum,  442 
Crico-aryteiioid  joints,  284 
ligaments,  285 


Crico-arytenoid — continued. 

muscles,  289 
Cricoid  {icpiKos,  a  ring  ;  dSos,  shape)  car- 
tilage, 280,  281 
Crico-thyroid  joints,  284 

membrane,  2  84 
j    Crista  acustica,  647,  649 
urethrffi,  438 
vestibuli,  641 
Crotchet,  532 
Cruorin,  25 
Crura  cerebelli,  516 
cerebri,  533 

gi'ey  matter  of,  563 
of  clitoris,  457 
of  fornix,  543,  544 
of  penis,  431 
Crusta  of  cerebral  peduncle,  555,  556,  557 
Crusta  petrosa,  307,  312 

formation  of,  320 
Crypt  {KpvTTTw,  I  conceal),  234 

multilocular,  234 
Crypts  of  LieberkUhn,  209,  363,  373 
Crj^ptorchismus      {KpvnToi,     I     conceal  ; 

opx's,  a  testicle),  443 
Crystalloid  substances,  4 
Cumulus,  476 
Cuneiform    (cuneus,    a    wedge  ;    forma, 

shape)  cartilage,  2S3 
Cupola,  643 
Cuspidate  (cuspis,  the  point  of  a  weapon) 

teeth,  303 
Cuticle  (dim.  cutis,  the  skin),  42,  211 
development  of,  213 
nutritive  changes  in,  16 
of  enamel,  312 
Cutis  vera  (true  skin),  213.     Sec  Corium 

and  Skix. 
Cystic  [KvffTis,  a  bladder'*  duct,  385,  394 
Cytogenous  [kvtos,  a  cell ;  y^vvaoo,  I  pro- 
duce) connective  tissue,  69 

Dautos  (ScipTos,   the   skin   of  scrotum  ; 
Se'poi,  I  flay),  441 

fibres  of,  119 
Decidua    {decidicus,     falling    off ;     i.  e. , 
memhrana)  cavity  of,  715 

formation  of,  711 

incapsulation  of  ovum  in,  710 

penetration  by  villi,  717 

placentalis,  717 

reflexa,  serotina,  and  vera,  715 
Decussation  (dccusso,  I  cut  cross-wise)  of 

pyramids,  504 
Dens  sapienti;e  (wisdom  tooth),  305 
Dental  arches,  301 

grooves,  313,  315 

pulp,  307,  317 

sacs,  316,  321 

sheath,  309 

Sec  also  Teeth. 
Dentine  {dens,  a  tooth),  307 

development  of,  31S 

of  repair,  325 

secondary,  324 
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Derma  {Sep/xa,  skin),  213 
Descemet's  membrane,  595 
Development  of  tlie  foetus  and  its  organs, 

673 
of  the  several   oi-gans   and  tissues. 

See  under  these. 
Dialysis  {Sid,  apart  ;  Aijco,  I  loosen),  4 
Dienceplialon  (Sict,  between  ;  iynicpaXov, 

the  brain),  755 
Digestion,  organs  of,  300 
Dix'loe  {^ncx6os,  double),  81 
Discus  proligerus  {proles,  progeny  ;  gcro, 

I  bear),  ^76 
Disdiaclasts  (5is,  twice  ;  ^laKXdoi,  I  break). 

Diverticulum  (from  divcrto,  I  turn  aside) 

of  ileum,  371 
Duct,  or  ducts,  of  Bartholin,  339 
of  Bellini,  406 
biliary.     See  Bile-Ducts, 
of  Cuvier,  242,  796 
of  Gartner,  821 
of  glands  in  general,  237 
of  Eivinus,  338 

See  also   the  various   glands,    &c., 
for  their  ducts. 
Ductus  ad  nasum,  588 
arteriosus,  795,  800 
closure  of,  803 
cochlearis,  652 
communis  choledoclius,  385 
venosus,  796 

fissure  or  fossa  of,  382 
vitello-intestinalis,  699 
Duodenum  (duodeni,  twelve  ;  from  being 
twelve  finger- breadths  in  length), 

357,  369 
position  of,  347 
Dura  mater,  569 

relation   to   cerebro-spinal     nerves, 

145 
Duverney,  glands  of,  458 


Eap.,  anatomy  of,  626 

development  of,  733,  740,  768 

external,  626 

internal,  641.  |  See  Labyrinth. 

middle,  631.     See  Tympanum. 
Ear-wax,  744 
Ectoderm  [sktos,  without  ;  depfia,  skin), 

683 
Ejaculatory  ducts,  453 
Elastic  tissue,  66 

in  arteries,  168,  169,  179 

in  lymphatics,  186 

in  veins,  173 
Electricit}',  manifestation  of  by  muscles, 

123 
Elementary  organisms,  8,  note 
Elements,  structural,  of  human  body,  2 
Embryo,  axial  rudiment  of,  691 

development  of,  689,  ei  seq. 

inflections  of  walls  of,  694 
Embrj'o-cells,  formation  of,  9 


Embryology  {^fx^pvov,  an  embryo  ;  \6yos, 

discourse),  673 
Eminentia  coUateralis,  542 
papillaris,  634 
pyramidalis,  641 
teres,  511 
Emotion,  a  stimulus  of  muscular  action, 

124 
Enamel  germ,  313 
membrane,  320 
organ,  320 
of  teeth,  307,  311 

formation  of,  319 
Encephalic  vesicles,  695,  750 
Encephalon  (eV,  in  ;  /cfcfaArj,  the  head), 
502 
development  of,  750 
size  and  weight  of,  577 

See     Cerebruji,     Cerebellum, 
Medulla,  and  Pons. 
End-bulbs  of  nerves,  147,  216 
Endocardium  {evbov,  -within  ;  KapSia,  the 

heart),  261 
Endochorion  {ivSov,  within  ;  X'^P""'?  the 
investing  membrane  of  the  petus), 

709  , 

Endoderm  (eVSov, within;  Sip/xa,  skin),  683 
Endogenous  (eVSor,  within ;  yevydoD,  1  jiro- 

duce)  formation  of  cells,  14 
Endolymph     (evSov,     within ;     lympha, 

water),  645 
Endolympliangial  nodules,  198 
Endosteum(e;'5o;', within ;  oo-Teoj',bone),9l 
Endothelium  {iv^ov,  within  ;   ^jjAt),   pa- 
pilla), 43,  oiote 
End-plates,  motorial,  154 
Epencephalon  (eTrt,   on  ;    ijKicpaKov,  the 

brain),  755 
Ependyma    (eVi,    on ;     evZvixa,   clothing) 

ventriculorum,  540 
Epiblast(67ri,  on  ;  ^Kaajos,  a  germ),  683, 

684 
Epidermis  (eVi,  on  ;  Zipp.a,  the  skin),  42, 

211 
Epididymis  (eTri,  on  ;  diSvfxos,  a  testicle)^ 

445 

canal  of,  449 

development  of,  821,  822 

relation  to  Wolffian  body,  826 
Epigastric  {iirl,  on  ;  yaaT-r^p,  the  stomach) 

region,  347 
Epiglottis  (iiri,  on  ;  glottis),  283 

tubercle  or  cushion  of,  286 
Epiotic  (eVi,  on  ;  06?,  gen.  wtos,  the  ear) 

centre  of  temporal  bone,  733 
Epithelioid  {epithelium ;  elSos,  form)  cells, 

43,  note 
Epithelium  (eVi,  on  ;  6r]Xri,  papilla),  42 

ciliated,  45,  46 

columnar,  44 

cylinder,  44 

nerve-filaments  in,  43 

nutrition  of,  16 

pavement,  44 

scaly,  44 
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Epithelium — continued. 

spheroidal,  44 

tessellated,  44 

transitional,  44 

of  organs.     See  the  various  organs. 
Epoophoron  (eTr/,  on ;  aiov,  an  egg;  (t>opeu>, 
I  bear)  relation  to  Wolffian  body, 
481,  821 
Erectile    tissue,    general  characters    of, 

180 
Ergot  (Fr.  a  spur),  542 
Eustachian  tube,  634 

development  of,  772 

valve,  245,  246 

development  of,  789,  800 
Excretion,  231 
Eye,  anatomy  of,  583 

appendages  uf,  583 

development  of,  762 

globe  of,  588 
Eyelashes,  585 
Eyelids,  583 

development  of,  768 
Eye-teeth,  303 

Face,  development  of,  738 
Facial  plates  or  arches,  738 
Falciform  {falx,  a  sickle  or  scythe ;  forma, 

shape)  ligament  of  liver,  383 
Fallopian  tubes,  470 

development  of,  819 
False  membrane,  200 
Falx  cerebelli,  571 

cerebri,  523,  571 
Fascia  (a  band),  63 

cremasteric,  442 

dentata,  544 

infundibuliform,  442 

intercolumnar,  442 

propria,  442 

spermatic,  442 

transversalis,  442 
Fascise,  structure  and  use  of,  63 
Fasciculi  graciles  (slender  fascicles),  505, 

509 
teretes  (round  fascicles),  506,  509 
Fasciculus,  olivary,  505,  509 

uncinatus    (hook-shaped    fascicle), 

557 
Fasciola  cinerea,  545 
Fat,  59 

absorption  of  by  intestinal  villi,  362 

chemical  composition  of,  60 

deposition  of  in  cells,  1 1 

development  of,  62 

distribution  of,  59 

in  muscular  tissue,  122 

uses  of,  61 
Fatty  matters,  3 
Fatty  compounds  in  blood,  31 
Fauces  (the  throat),  300 
Fecundation  of  the  ovum,  675 
Fenestra  (a  windoAv  or  opening)  oralis, 

633 
rotunda,  633 
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Fenestrated  or  perforated  membrane,  168 
Fibra  primitiva  (primitive  band),  127 
Fibrse  arciformes,  506 
Fibrin  (fibra,  a  fibre)  of  blood,  19 

action  of  in  coagulation,  35,  36 
origin  of,  28 
of  chyle,  39 
of  lymph,  38 
Fibrinogenous   substance  or  Fibrinogen 
(Jibrin ;    j^vvdoo,   I  produce),   29, 

Fibrinoplastic      substance     or     fibrino- 
plastin  (yi&rz/z ;  irXdaacc,  I  form), 
29 
Fibro-cartilage,  72,  78 
Fibro-serous  membrane,  196 
Fibrous  cone,  555 
Fibrous  tissue,  63 

chemical  composition  of,  65 
distribution  of,  6;^ 
lymphatics  of,  66 
nerves  of,  66 

physical  properties  of,  6^ 
regeneration  of,  66 
Filamentous  tissue,  53 
Fillet,  509,  556 

of  corpus  callosuni,  556 
Filum  terminale  of  spinal  cord,  489,  492, 

.500  _ 
Fimbrite  (fringes)  of  Fallopian  tube,  470 
Fissiira  palpebrarum,  583 
Fissure  or  fissiires  of  cerebellum,  517 
of  cerebnmi,  calcarine,  531 
calloso-marginal,  531 
collateral,  532 
dentate,  532 
frontal,  527 
hippocampal,  532 
intraparietal,  527 
occipital,  531 
parieto-occipital,  526,  531 
of  Eolando,  525 
of  Sylvius,  524 
temporo-sphenoidal,  550 
of  liver,  381,  382 
of  lungs,  270 
of  medulla  oblongata,  503 
ocular,  in  embryo,  739 
of  Santorini,  628 
of  spinal  cord,  492 
Flesh,  chemical  composition  of,  25 
Flexures  of  colon,  376 

cranial,  in  emljryo,  733 
Flocculus  (dim.  oiflocciis,  a  lock  of  wool), 

Foetus,  development  of,  673 

Follicle  {folliculus,  dim.  oifollis,  a  bag), 

234 
Follicles,  teeth,  315 
Follicular  glands,  210 
Foramen  ctecum  of  medulla  oblongata, 

504 

of  tongue,  327 
commune  anterius  of  brain,  544 
of  Monro,  544 
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Foramen — contimicd. 

ovale  of  heart,  789 
closure  of,  799 
vestige  of,  244,  249 

of  "Winslo\Y,  482 
Foramina  of  Thebesius,  246 
Force,  nervous,  6 
J'orces,    physical,    probable   relation  of 

vital  action  to,  5 
Foreskin,  431 
Formic  acid,  3 

in  nerve-tissue,  160 
Fornix  (an  arch  or  vault),  541,  543 

bulbs  of,  535 

development  of,  760 

fibres  of,  556 
Fornix  conjunctiva,  586 
Fossa  of  antihelix,  628 

ductus  venosi,  382 

of  gall-bladder,  382 

of  helix,  628 

innominata,  628 

navicularis  of  urethra,  439 
vulva,  456 

ovalis  of  heart,  244 

scaphoidea  (boat-shaped  fossa),  628 

triangularis,  628 

of  vena  cava,  3S2 
Fourchette  (a  fork),  456 
Fovea  anterior  of  fourth  ventricle,  513 

centralis,  607,  616 

hemielliptica,  641 

hemispherica,  641 

ovalis,  244 
Foville's   researches   on  fibres  of   cere- 
brum, 557 
Frtena  (pi.  of  frccnum,  a  bridle)  of  ileo- 
Ciiecal  valve,  375 

of  lij^s,  300 

synovial,  202 
Frenulum  (dim.   of  frcenum,   a  bridle) 
cerebri,  552 

pudendi,  456 
Frsenum  epiglottidis,  327 

linguEB,  325 

of  prepuce,  430 
Funiculus  (dim.  oH funis,  a  cord)  of  nerve, 

140 
Furrowed  band,  518 

Galactophorous  {ydXa.,  milk  ;  (popioi,  I 

carry)  ducts,  487 
Gall-bladder,  385 

develojDment  of,  780 

structure  of,  394 

varieties  of,  386 
Ganglia,  General  Anatomy  of,  125,  136 

structure  of,  136 

connection  of  nerve-fibres  with,  137 

on  arteries,  171 

cerebral,  anterior,  547 
posterior,  549 
Ganglion,  basal  optic,  536 

ofhabenula,  551 

spirale,  662 


Ganglion-cells,  132 

connection  of  nerves  with,  137 
Ganglion-corpuscles,  132 

nerves,  126,  157 
Ganglionic  layer  of  retina,  608 
Gastric    (yaa-T-fip,    the   stomach)  glands 

353 
Gastro-colic  {yaarrip,  the  stomach ;  kcoXov, 

the  colon)  omentum,  485 
Gastro-phrenic   (yacTTrip,    the    stomach  ; 
<ppr]v,  the  diaphragm)  ligament,  482 
Gastro-pneumonic  (yaarjip,  the  stomach ; 
TTvev/j.oii',  the  lungs)  mucous  mem- 
brane, 204 
Gastro-splenic    {yaariip,    the     stomach ; 
o-ttA.tji',    the    spleen)    ligament   or 
omentum,  482,  484 
Gelatin,  3,  58 

from  muscle,  122 
Gelatinous  nerve-fibres,  131 
Genital  cord,  814 

nerve-corpuscles,  148 
passages,  development  of,  818 
Genito-urinary  mucous  membrane,  204 
Genito-urinary  organs,  abnormal    forms 
of,  825 
corresponding  embryonal  and   per- 
manent parts  of,  S26 
female,  development  of,  819 
male,  development  of,  815,  821 
primary  formation  of,  804 
type  of  development  of,  826 

See   also   Reproductive  Organs 
and  Urinary  Organs. 
Genu  (a  knee)  of  corpus. callosum,  538 

of  optic  tract,  552 
Germ-epithelium  of  ovarj',  472,  476,  807 
Germinal  matter,  10 
pole,  674 
spot,  9,  476,  673 
vesicle,  9,  476,  673 

disappearance  of,  674 
Giant-cells,  106 
Gingiva  (gums),  301 
Giraldes,  organ  of,  451,  S26 
Glands   (glans,    an    acorn),    Secreting, 
General  Anatomy  of,  231 
acini  of,  236 
ducts  of,  237 
envelope  of,  237 
follicles  of,  234 
formation  of,  233 
forms  of,  234 
lacunce  of,  234 
lobules  of,  235 
parench5'ma  of,  237 
reservoirs  of,  237 
Glands,  ductless.  General  Anatomy  of,  238 
Glands,    lymphatic.       See    Lymphatic 

Glands. 
Glandula  lacrymalis  inferior,  587 

socia  parotidis,  336 
Glandulce  Pacchioni,  575 
ceruminosse,  631 
solitarios  of  the  intestine,  364 
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Glans  (an  acorn)  clitoridis,  457 

penis,  430 
Glisson's  capsule,  386 
Globin,  26 
Globulin,  3,  31 

Globus   major  and  minor  of  the  epidi- 
dymis, 445 
Glomerulus  (dim.   of  glomus,   a  clue  of 

thread)  of  kidney,  409 
Glosso-epiglottic    (y^uaaa,    the   tongue ; 

epiglottis)  folds  or  frajuula,  327 
Glottis  {yKSirris,  a  tongue),  2S6 
Glycogen  {yXvuvs,  sweet ;  -yivvaio,  I  pro- 
duce), 3 

in  liver,  3  So 

in  muscle,  122 
Goblet-cells,  211 
Goitre,  297 

Graafian  follicles,  473,  816 
Granule  layer  of  cerebellum,  521 
Granules  {gramom,  a  grain),  in  blood,  23 

in  nerve-substance,  135 
Grey  fibres  of  nerves,  131 
Gristle,  72 
Growth,  16 
Gubernaculum  {guberno,  I  steer  or  guide) 

testis,  824 
Gullet,  343 
Gums,  301 

Gustatory  {gusto,  I  taste)  cells,  328 
Gyri  {yvpos,  a  ring)  of  brain,  523 
Gyrus,  angular,  529 

fornicatus  (arched  convolution),  532, 
556 


II^MATIX  {aT/xa,  blood),  27 
Hsematoin,  27 
Hffimin  {alaa,  blood),  27 
Hfemogiobiu,  3,  25 

crystals  of,  26 
Hair,  219 

chemical  nature  of,  226 

cuticle  of,  220,  222 

development  of,  224 

distribution  of,  226 

ending  of  nerve-fibres  in,  225 

follicles  of,  221 

gi'owth  of,  226 

medulla  or  pith  of,  220 

muscular  fibres  of,  223 

regeneration  of,  225 

root  of,  220 

stem  of,  219 
Hair-cells  in  ear,  658,  659 
Hahtus  (breath)  of  blood,  34 
Hamulus  (dim.   of  Jiamus,    a  hook)    of 

cochlea,  644 
Haversian  canals,  82 

folds  and  fringes,  200,  203 

lamellfe,  84 

spaces,  84 
Head,  development  of,  731 
Heart,  242 

action  of,  163 


Heap.t — continued. 
apex  of,  255 
atria  of,  244,  248 
auricles  of,  244 

capacity  of,  263 

development  of,  788 

fibres  of,  256 

left,  248 

right,  244 

septum  of,  244 

position  of,  253 
auriculae  or  auricular  appendages  of, 

244,  24S,  253 
bone  of,  255 
cavities  of,  163,  244 
develojoment  of,  696,  784 
fibro-cartilage  of,  255 
fibrous  rings  of,  255 

tissue  of,  255 
in  fcetus,  272 
fmi'ows  of,  243 
lining  membrane  of,  261 
lymphatics  of,  260 
margins  or  borders  of,  243 
muscular  tissue  of,  119,  256 
nerves  of,  261 
orifices  of,  aortic,  251 

auriculo-ventricular,    left,    248, 
25o>  255 

right,  246,  247 

of  coronary  and  cardiac  veins 
246 

positions  of,  255 

of  pulmonary  artery,  247 
veins,  248 

size  of,  263 

of  venaj  cavte,  245 
position  of,  242,  253 
serous  coat,  external,  240 
size  and  weight  of,  262 
structure  of,  255 

valves  of,  auriculo-ventricular,  left, 
250 

right,  247 

development  of,  79 

miti'al  or  bicuspid,  250 

sigmoid,  or  semilunar,  left,  251 
right,  248 

tricus]3id,  247 
veins  of,  246 
ventricles,  capacity  of,  263 

development  of,  7S7 

fibres  of,  257 

left,  249 

position  of,  255 

right,  246 

septum  of,  246 
Helicine  (eAi|,  a  spiral)  arteries,  434 
Helicotrema  (eAi|,  a  spiral ;  rprj.ua,  a  hole), 

643 

Helix  (eAi|,  a  spiral),  627 

Hepatic  (^Trap,  the  liver)  artery,  384,  38S, 

390 

cells,  391 

duct,  385 
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Hejiatic — continued. 

vein,  384,  388 
Hepato -cystic  {vT^ap,  the  liver  ;  kvcttis,  a 

bladder)  ducts,  386 
Hepato-gastric  {^inap,  the  liver  ;  yacrr-fip, 

the  throat)  omentum,  484 
Ililus  (or  Jiihim,  the  mark  or  scar  on  a 
bean)  of  kidney,  403 
of  lymphatic  glands,  193 
of  ovary,  47 1 
of  spleen,  397 
of  sujjrarenal  capsules,  414 
Hilus-stroma,  193 

Hippocampus  (iTnroKdfjLTros,  from  'Imros,  a 
horse,  and  Kaixirrw,  I  bend,  a  fish 
with  a  coiled  tail)  major,  541 
minor,  542 
Hippuric  ('[wttos,  a  horse  ;    ovpov,  urine) 

acid,  3,  31 
Holoblastic  {'6\os,  Avhole ;  8\acrT6s,  a  germ) 

ovum  of  mammals,  674 
Horny  matter,  3 
Hyaline  {vaXos,  glass)  cartilage,  72 

coat  of  hair- follicle,  221 
Hyaloid  {va\os,  glass  ;  elSos,  shape)  mem- 
brane, 620 
Hydatids  of  Morgagni,  446,  820 
Hymen  {vfirjv,  a  membrane),  457 

development  of,  S24 
Hyoid  arch  in  embryo,  740 
Hypoblast  {inr6,  under  ;  QXacrros,  a  germ), 
683,  684 
development  of  organs  from,  774 
Hypochondriac  {inro,  under  ;  xo^^P'^s^  car- 
tilage) regions,  347,  348 
H}'pogastric   {v-rr6,   under ;    'ya(TTT}p,    the 

stomach)  region,  347 
Plypophysis  {vtt6,   under  ;    (pvu,   I  grow) 

cerebri,  535,  734 
Hj'pospadias  (imo,  under  ;  Tirdw,  I  draw 

out),  825 
Hypoxanthin  (pn6,  under  ;  i,avQ6s,  yellow), 

0,  31 

in  nerve-tissue,  160 


Ileo-c^gal  or  ileo-colic  valve,  375 
Ileum  (eiAew,  I  roll),  357,  370.     ,Scc  In- 
testine, SMALL. 

diverticula  of,  371 

position  of,  348 
Iliac  region,  347,  348 
Impressio  coli  on  liver,  383 

renalis  on  liver,  383 
Incisor  teeth,  300,  306 

eruption  of,  320,  323 
Incisura  intertragica,  627 
Incus  (an  anvil),  636 
Infundibula  (funnels)  of  kidney,  404 
Infundibulum  of  heart,  246 

lungs,  276 
Inguinal  (ingucn,  the  groin)  canal,  440 
Injection,  natural  method  of,  392 
Inosinic  acid,  3,  122 
Inosit,  3> 


Inosit — continued. 

in  muscle,  122 

in  nerve-tissue,  160 
Interalveolar  lymphatics,  279 
Intercellular  substance,  15 
Interpeduncular  space,  534 
Intestine,  large,  371 

areolar  or  submucous  coat  of,  372 

development  of,  778 

divisions  of,  371,  374 

glands  of,  373 

length  and  extent  of,  371 

mucous  membrane  of,  373 

muscular  coat  of,  371 

position  of,  347,  348 

serous  coat  of,  371 

structure  of,  371 

vessels  and  nerves  of,  374 
Intestine,  small,  357 

areolar  or  submucous  coat  of,  358 

development  of,  777 

divisions  of,  357,  369 

glands  of,  363 

length  and  extent  of,  357 

mucous  membrane  of,  359 

mrrscular  coat  of,  358 

movements  of,  358 

position  of,  347,  348 

serous  coat  of,  358 

structure  of,  358 

vessels  and  nerves  of,  367 

villi  of,  360 
Intraembryonic  phenomena  of  develop- 
ment, 691 
Iris  [tpis,  a  rainbow),  60  r 

muscular  tissue  of,  602 

pigment  of,  603 

pillars  of,  595 

strixcture  of,  602 

vessels  and  nerves  of,  603 
Iron  in  blood,  32 
Irritability,  5 

muscular,  123 

duration  after  death,  124 
Island  of  Keil,  525,  530 
Isotropic  substance  in  muscle,  113 
Isthmus  of  Fallopian  tube,  471 

faucium,  300 

of  thyroid  body,  295 

uteri,  464 

Yieussenii,  245 
Ivory  of  teeth,  307.     Sec  Dentine. 

Jacob's  membrane,  608 

Jejunum  (jcjunus,  empty),  357,  370 

position  of,  348 
Joints,  formation  of  in  embryo,  745 

Keeatin  {Kepas,  horn),  3,  213 
Kidneys,  402 

blood-vessels  of,  410 

connections  of,  402 

cortical  substance  of,  403,  404 

development  of,  807,  812 
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KiD'S'EYS— continued. 

excretory  apparatus  of,  404 

fibrous  coat  of,  403 

form  of,  402 

horseshoe,  403 

intertubular  stroma  of,  413 

lymphatics  of,  413 

meduUaiy  substance  of,  403 

nerves  of,  413 

papillaj  of,  403 

pehas  of,  404 

position  of,  402 

primordial,  699,  805 

size  and  weight  of,  402 

structure  of,  obvious,  403 

tirbules  of,  405 

varieties  of,  403 
Kreatin  (Kpias,  flesh)  and  Kreatiuin.     Sec 

Creatin  and  Creatiuin. 


Labia  majora,  456 

development  of,  824 
minora,  457 
Labial  (labium,  the  lij))  glands,  301 
Labjainth  {Aaj^vpi.vdo'^,  a  maze,  from  its 
complex  structure),  osseous,  641 
development  of,  770 
membranous,  645 
Lachrymal  apparatus,  587 

development  of,  768 
canals,  587 
gland,  587 
sac,  588 
Lacteals  (lac,  milk)  General  Anatomy 

of,  2,1 

plexuses  of,  in  intestine,  367 

relation  to  villi,  362 
Lactic  acid,  3 

in  nerve-tissue,  160 
Lacuna  magna,  440 
Lacunfe  in  bone,  84 

formation  of,  103 

in  crusta  petrosa,  312 
Lamellie  of  bone,  83 

structure  of,  86 
Lamina  cinerea  (grey  layer),  536,  562 

cribrosa  (a  plate  perforated  like  a 
sieve)  of  sclerotic,  590 

elastic,  of  cornea,  594 

fusca,  600 

reticular,  658 

spiralis  ossea,  644 

suprachoroidea,  600 
Lanugo  (wool  or  down),  225 
Lakyxx  (xdpvyl,  the  larynx),  280 

aperture  of,  285 

cartilages  of,  280 

formation  and  growth  of,  294 

interior  of,  285 

ligaments  and  joints  of,  283 

mucous  membrane  of,  293 

muscles  of,  2S8 
action  of,  292 

nerves  of,  294 


Larynx — continued. 

pouches  of,  287,  288 

ventricles  or  sinuses  of,  285,   287, 
2S8 

vessels  of,  294 
Lecithin,  3,  25 

in  nerve-tissue,  159 
Lemniscus,  556 
Lens  (a  lentil)  crystalline,  622 

capsule  of,  625 

changes  in  by  age,  625 

development  of,  764 
Leucin  {\evK6t,  white),  3,  32 

in  nerve-tissue,  160 
Leucocytes  (XevKos,  white  ;  kvtos,  a  cell), 

198,  212 
Lienculi  (little  spleens),  398 
Life,  application  of  the  term,  4 
Liga.menta  lata,  467 

subflava,  67 
Ligaments  of  bones  of  ear,  637 

central  or  terminal  of  spinal  cord 
_  4S9,  492,  500 

ciliary,  601 

costo-colic,  376 

cranio-pharyngeal,  343 

hj^o-epiglottic,  283 

palpebral,  584 

peritoneal,  348 

pleuro-colic,  376 

pubo-]irostatic,  428 

spiral,  652,  657 

suspensoiy,  of  crystalline  lens,  620 
of  penis,  431 

thyro-arytenoid,  284 

thyro-epiglottic,  283 

thyro-hyoid,  2S3 
Ligamentum  denticulatuni,  575 

latum  pulmonis,  26S 

nucha, 67 

pectinatum  iridis,  595 

spirale,  657 

suspensorium  (of  bladder),  423 

teres  uteri,  467 
Ligula,  506 

Limbs,  development  of,  699,  742 
Limbus  of  spiral  lamina,  653 

luteus  of  the  retina,  606 
Lime-salts  in  bone,  80 
Linea  splendens,  572 
Lips,  300 
Liquor  Cotunnii,  641 

Morgagni,  625 

sanguinis,  19,  24,  28 
Littre,  glands  of,  439 
Liver,  380 

accessory,  386 

borders  of,  383 

changes  in,  after  birth, 

coats  of,  386 

congestion  of,  390 

development  of,  779 

ducts  of,  385.     See  Bile-ducts. 

excretory  apparatus  of,  384 

fissures  of,  381,  382 
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LrvBE, — continued. 
foss?e  of,  381,  382 
hffimapoietic  (afjtta,  Wood  ;    iroifw,  I 

make),  function  of,  41 
ligaments  of,  383 
lobes  of,  381,  382 
lobules  of,  386 
Ijnnphatics  of,  393 
nerves  of,  384 
position  of,  374,  383 
size  and  weight  of,  380 
specific  gravity  of,  380 
structure  of,  386 
surfaces  of,  381 
varieties  in,  386 
vessels  of,  388 
Lobes  of  cerebellum,  517 
M ventral,  518 
central,  517 
quadrate,  517 
slender,  518 
subpeduncular,  518 
of  cerebrum,  523 
central,  530 
frontal,  526 
occipital,  529 
parietal,  527 
temporo-splienoidal,  530 
See  also  various  organs. 
Lobule  of  ear,  627 
Lobuli  testis,  447 

Lobules  of  cerebrum,  cuneate,  532 
parietal,  528 
quadrate,  532 
Lobulus  caudatus,  382 
quadratus,  382 
Spigelii,  382 
Locus  cceruleus,  513 
niger,  555,  563 
perforatus  anticus,  536 
perforatus  posticus,  535 
Lnette  vesicale  (Fr.,  uvula  of  the  bladder), 

423 

Lumbar  region,  347,  348 
Luiv^GS,  269 

capacity  of,  271 

changes  at  birth  in,  272 

colour  of,  271 

coverings  of,  268,  273 

development  of,  782 

form  of,  269 

lobes  of,  270 

lobules  of,  274,  276 

lymphatics  of,  279 

nerves  of,  279 

roots  of,  273 

specific  gravity  of,  272 

structui'e  of,  273 

surfaces  and  borders  of,  269 

texture  of,  271 

vessels  of,  278 
Lunula  (dim.  lima)  of  naih,  217 

of  valves  of  heart,  252 
Lymph  {lyvyiha,  water),  37 

chemical  composition  of,  39 


Lymph — continued. 
coagulation  of,  38 
corpuscles  or  globules  of,  38 
formation  of,  40 

Lymph-channel,  194 

Lymph-sinus,  194 

Lymphatic  system.  General  Anatomy  of, 

183 

glands,  191 

development  of,  782 

function  of,  196 

structure  of,  192 
hearts,  190 
nodules,  198 
vessels,  37,  183 

afferent  and  efferent,  192 

contractility  of,  186 

coats  of,  186 

development  of,  191 

distribution  of,  183 

Lacteal.     See  LactlALS, 

orifices  of,  188 

origin  of,  183 
lacunar,  185 
plexiform,  183 

relation  to  connective  tissue,  1S6 

structure  of,  18^1 

terminations  of,  190 

valves  of,  188 

vessels  of,  186 

of  various   organs   and  tissues. 
See  the  organs  and  tissues. 
Lymphoid  (??/TO2-'^ia  ;  el5oy,  shape)  cords, 

193 

glands,  210 

in  intestine,  365,  373 
tissue,  208,  238 
Lyra,  544 

Macula    germinativa    (germinal  spot), 
476,  673 

lutea  (yellow  spot),  606,  616 
Malleus  (a  hammer),  635 

ligaments  of,  637 
Mammary  {mamma,  the  breast)  glands, 

486 

difference  according  to  sex,  488 
varieties  of,  488 
vessels  and  nerves  of,  488 
Mammilla,  486 

Mandibular  arch  in  embryo,  740 
Mantle  of  hemisphere- vesicle,  759 
Margo  acutus  and  obtusus  of  heart,  243 
Mastoid  cells,  634 
Matrix  of  cartilage,  72 

formation  of,  77 

of  cerebrum,  559 

of  elastic  cartilage,  78 

of  fibro-cartilage,  79 

of  nails,  218 
Matrix  (uterus),  462 
Maxillary  bones,  formation  of,  739 
Meatus  auditorius  externus,  630 

of  nose,  667 

urinarius  in  females,  457,  459 
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Meckel's  cartilage,  740,  771 
Mediastinum  {mcdius,  tlie  middle  ;  sto,  I 
stand),  239,  26S 

testis,  446 
Medulla  obloxgata,  502,  503 

columns  of,  594 

development  of,  753,  755 

fibres  of,  longitudinal,  509 
transverse,  506 

fissures  of,  503 

grey  matter  of,  508 

nerve-nuclei  in,  510 

origin  of  nerves  from,  507 
Medulla  spinalis.     Sec  Spinal  Cokd. 
Medullary  canal  of  bone,  formation  of,  103 

centre  of  cerebellum,  521 

slieatli  of  nerve-fibre,  128 

spaces,  100 

substance  of  cerebrum,  553 
of  lympliatic  glands,  193 
Meibomian  glands,  585 
Jlembrana  adamantinse,  320 

eboi'is,  307 

fusca,  589,  767 

limitans,  608,  615,  616 

nictitans,  583 

preformativa,  319 

propria  of  glands,  236 

of  mucous  membranes,  206 
of  skin,  214 

pupillaris,  603 

tympani,  632 

secondarj',  634 
Membranes  of  the  brain  and  spinal  cord, 

569 
fcetal,  700 
mucous,  serous,  &c.      Sec  Mucous 

and  Serous  Membranes,  &c. 
Meninges  {fxr\viyi,,  a  membrane),  569 
Sleroblastic    (fj-epos,    a    part  ;     ^XacyrSs, 

genu)  ovum,  674,  677 
Mesencephalon  (^tVos, middle;  ijKecpaXov, 

tire  brain),  753,  755 
de^'elopment  of  parts  connected  with, 

756 
Mesentery  (lu-effos,  middle  ;  %vTipov,  intes- 
tine), 348,  370 
Mesoblast  (^aecros, middle;  fiXcards,  germ), 

683 
cleavage  of,  693 
parts  formed  from,  684 
Mesocaecum     {fxiaos,    middle  ;     ccecum), 

348,374,481 
Mesoceplialon    (jxiaos,   middle ;    Ke(paA7i, 

the  head),  5 1 1 
Mesocolon   {fxeaos,    middle  ;    kwKov,   the 

colon),  368,  376,  481 
Mesogastrium   {ixiaos,   middle  ;    yaffTiip, 

the  stomach),  777 
Mesorchiimi  {fieaos,  middle  ;  opxis,  a  tes- 
ticle), 442,  815 
Mesorectum    (fj-eaos,    middle  ;     rectum), 

348,  378, 
Mesovariimi  (fx^aos,  middle  ;   ovarmm), 

815 


Metabolic  (/xera/SaAAcj,  1  change)  force,  5 
Metencephalon  (/xerd,  behind  ;  iyKscpaXoy, 

the  brain),  755 
Methsemoglobin,  26 
Meynert's  description  of  the  brain,  564 
Milk-teeth,  301,  306 
Mitral  {ix'npa,  a  mitre)  valve,  250 
Modiolus  (the  nave  of  a  wheel),  643,  644 
Molar  glands,  301 
Molar  {mola,  a  mill)  teeth,   permanent,- 

304 

erui^tion  of,  323 

temporarj',  306,  321 
Monoplasts    {n6vos,    single :    ■KAaaaw,   1 

form),  8 
Mons  Veneris,  456 
Morsus  cliaboli  (devil's  bite),  470 
Mouth,  300 

formation  of,  734,  774 
Mucilaginous  glands,  201 
Mucin,  3,  25  note,  68,  210 
Mucous   membrane.   General  Anatomy 
of,  204 

attachment  of,  205 

basement  membrane  of,  206 

connective  tissue  of,  207 

corium  of,  206 

divisions  of,  204 

epithelium  of,     Sec  Epithelium. 

fibro-vascular  layer  of,  206 

folds  and  valves  of,  205 

glands  of,  209,     Sec  Glands. 

lymphatics  of,  207 

lymphoid  tissue  of,  20S 

muscular  tissue  of,  208 

nerves  of,  156,  207,  210 

papillfe  of,  208 

physical  properties  of,  205 

regeneration  of,  211 

secretion  of,  210 

sensibility  of,  210 

structure  of,  206 

vessels  of,  207 

villi  of,  209 
Mucous  tissue,  68 
Mucus,  210 
MiiUeriau  duct,  807,  808,  819 

parts  formed  from,  S25 

fibres  in  retina,  615 
Multicuspidate  {multus,  many  ;  cuspis,  a 

point)  teeth,  305 
Muscle-rods,  112 
Muscles,  arytenoideus  obliquus,  291 

aryteno-epiglottidean,  291 

arytenoid,  291 

ciliaris  Eiolaui,  584 

ciliary,  601 

compressor  urethra?,  439 

cremaster,  442 

crico-arytenoid,  lateral,  290 
posterior,  289 

crico-thyroid,  289 

detrusor  of  bladder,  424 

dilatator  pupillee,  602 

erectores  clitoridis,  457 
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Muscles — coniinuecl. 
kerato-cricoid,  290 
laxator  tympani,  638 
levator  giandulce  tliyroideje,  296 

prostatse,  429 
lingualis,  33 1 
noto-glossus  iycaros,  a  loaclc  ;  yKSiaaa, 

the  tongue,  331 
perpendicularis  extenras  of  tongue, 

332 
of  pinna  of  ear,  629 
sphincter.     See  Sphincter. 
stapedius,  638 
tensor  tympani,  638 
tliyro-arytenoid,  290 
thyro-epiglottidean,  292 
Muscular    contractility    or    irritability, 
107,  123 
duration  of,  after  death,  124 
current,  123 
plate  in  embryo,  730 
rigidity,  125 
sense,  123 
MuscuLAE,  Tissue,  General  Anatomy  of, 
107 
involuntary,  118 

developmeiit  of,  120 
of  heart,  119 
voluntary,  108 

blood-vessels  of,  116 
changes  in  contraction,  1 14 
cleavage  into  discs,  1 1 1 
coi'puscles  of,  115 
cross  stripes  of,  no 
development  of,  120,  744 
fasciculi  of,  109 
fibres  of,  no 

length  and  ending  of,  115 
fibrils  oi,  III 
growth  of,  120 
interstitial  granules  of,  115 
lacerti  of,  108 
lymphatics  of,  117 
nerves  of,  117,  156 

termination  in,  153 
nuclei  of,  115 
optical  appearance  of,  112 
physical  properties  of,  122 
sensibilitj^  of,  123 
sheath  of,  loS 
Muscnlaris  mucosse,  208,  355,  359,  373 
Musculi  papillares,  247,  250 

pectinati,  244,  248 
Myeloplaques  {^viX6s,  marrow  ;  plaques), 

92,  105 
Mj^olemma    {fxvs,    a    muscle ;    Ke^iiia,   a 

husk,  or  rind),  iii 
Myosin  {fxvs,  a  muscle),  31 
in  muscular  tissue,  122 

xTails,  217 

development  of,  219 
growth  of,  219 
matrix  of,  218 
reproduction  of,  219 


Nails — cooitinucd. 

structure  of,  218 
Nares  (nostrils),  anterior,  664 

posterior,  665 
Nasal  {nasns,  the  nose), 

duct,  588 
Nasmyth's  membrane,  312 
Nates  (buttocks)  in  cerebrum,  551 
Negro,  cause  of  colour  in  skin  of,  5 1 
Nerve   or   Nerves,   auditory,  an-ange- 
ment  of  membranes  on,  145 
cochlear  division  of,  662 
origin  of,  from  cerebrum,  568 
in  medixUa  oblongata,  507, 

51°    .   .  . 
vestibular  division  of,  647 

cerebro-si'INAL,  General  Anatomy 

of,  125,  140 
branching  and  conjunction  of, 

141 
compound  or  moto-sensory,  160 
construction  of,  140 
development  of,  161 
differences  of,  156 
fibres  of.     See  Nerve-eibres. 
lymphatics  of,  141 
origins  or  roots  of,  143,  501 
relation    of     sympathetic     to, 

157  .         ^ 

re-union  and    regeneration   of, 

162 
sheath  of,  140 
simple,  161 
terminations  of,  145 
in  end-bulbs,  147 
in  muscle,  153 
in    networks    or   terminal 

plexuses,  146 
in  Pacinian  bodies,  149 
in    tactile     corpuscles     or 
touch-bodies,  148 
vaso-motorial,  161 
vessels  of,  141 
ciliary,  604 

cranial,  development  of,  740,  761 
origins  of,  in  medulla  oblongata, 
507,  510 
from  cerebrum,  565 
facial,  in  embryo,  741 

origin  of,  from  cerebrum,  568 
in  medulla  oblongata,  507, 

511 

fifth,  membranes  of,  145 
in  embryo,  741 
origin  of,  567 

of  sensory  portion  of,  514 

fourth,  or  trochlear,  origin  of,  567 

glosso-pharyngeal,  in  embryo,  741 

origin  of,  from  cerebrum,  568 

in  medulla  oblongata,  507, 

511 

hypoglossal,   origin  of,  from  brain, 

569 

in  medulla  oblongata,  507, 

510 
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Xer-,  ^e — continual. 
of  Lancisi,  537 
olfactory,  membranes  of,  145 
deep  connections  of,  566 
distribution  of,  671 
structure  of,  in  cranium,  562 
cj)tic,  membranes  of,  145 

deep  connections  of,  567 
distribution  in  retina,  608 
origin  of,  536 
pneumogastric  or  vagus,  in  embryo, 
742 
origin  from  cerebrum,  569 

from    medulla    oblongata, 

507,  510 
sixth,  origin  from  cerebrum,  567 

i'"  medulla  oblongata,  507, 

5" 
spinal,  development  of,  760 

origin  of,  from  spinal  cord,  501 
spinal  accessor}',    origin   from  cere- 
brum, 569 

in  medulla  oblongata,  507, 

510 

sympathetic,  156 

development  of,  761 

relation  to  cerebro-spinal  nerves, 

157 
structure  of,  157 
third    or   oculo  -  motor,    origin    of, 

567 
Nerve-cells,  132 

of  cerebellum,  520 

of  cerebrum,  559 

in  ganglia,  137 

connection  with  fibres,  144 

development  of,  161 

of  spinal  cord,  497 
Nerve-eminence,  154 
Nerve-fibres,  125 

afferent  or  centripetal,  125,  160 

connection  with  cells,  144 

development  of,  161 

efferent  or  centrifugal,  125,  160 

grey,  non-medull'ated,  or  gelatinous, 

white  or  medullated,  126 

axis- cylinder  of,  127,  128 
course  of,  131 
sheaths  of,  128 
varicose,  130 
white  substance  of,  128 
arrangement  andterminations  of 
Sec  Nerves,  Cerebeo-spinal  ; 
and  Nervous  substaxce. 
Nervous    substakce,    structural    ele- 
ments of,  126 
of  cerebellum,  518,  520' 
of  cerebrum,  553 
chemical  composition  of,  159 
development  of,  161 
functions  of,  125 
of  medulla  oblongata,  509 
of  pons  A'arolii,  511 
of  spinal  cord,  494,  497 


Ner'S'ous  substance — continued. 

of  sympathetic,  156 

vital  properties  of,  160 
Nervous  system,  General  Anatomy  of, 

125 

Descriptive    Anatomy     of    central 
organs  of,  489 
Neurilemma  {v^vpov,  a  nerve  ;  Xefi/xa,  a 
peel  or  skin),  141 
peculiarities  of,  145 
of  spinal  cord,  572 
of  s3-mpathetic  nerve,  157 
Neurin  (vevpov,  a  nerve),  3,  25,  159 
Neuroglia  (vevpov,  a  nerve ;  yXia,  glue), 

136,  497,  559 
Nipple,  486 
Nitrogen  in  blood,  25 
Nitrogenous   and  non-nitrogenous    sub- 
stances, 3 
Nodes  of  Kanvier,  129 
Nodule   (nodidus,   from  nodus,   a  knot) 

of  cerebellum,  518 
Nodulus  Arantii,  252 
Nose,  664 

cartilages  of,  665 

development  of,  739,  772 

fossae  or  cavities  of,  667 

mucous  membrane  of,  668 

olfactorj'  region  of,  669 
Notochord   (vcotos,    the   back  :    x°P^V>  ^ 

string),  692,  726 
Nuclei  {nudcios,  a  kernel)  of  blood-cor- 
puscles, 22 

of  cartilage-cells,  72 

of  cells,  7,  8,  10 

of  colourless  blood-corpuscles,  23 

of  connective  tissue-corpuscles,  57 

division  of,  14 

of  epithelial  cells,  45 

of  fat-cells,  60 

of    nerves    in    medidla    oblongata, 

510 

in  fourth  ventricle,  513 
Nucleolus  (dim.  of  nucleus),  7,  10 
Nucleus  (kernel)  of  caudatus,  548,  564 
lenticularis,  548,  564 

olivary,  504,  505 

of  roof  of  fourth  ventricle,  552 

tffiuiseformis  (tape-shaped   nucleus), 

564 
of  tegmentum,  563 
Nutrition  of  textures,  16 

office  of  vessels  in,  17 
relation  to  secretion,  231 
use  of  fat  in,  61 
Nj^mphcB,  457 

development  of,  825 

ODONTOELASTs(o5ouy,gen.  oSoVtos,  a  tooth, 

^Kaa-rSs,  a  germ),  307,  320 
Odoriferous  matters  in  blood,  32 
CEsophagus   (oico  or  otaw,  obs.  =  </)eoco,   I 
bear  ;  ^ayeiv,  to  eat),  343 
coats  of,  344 
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CEsopliagus — continued. 

glands  of,  345 

vessels  and  nerves  of,  346 
Olein  (olr.v/m,  oil),  60 
Olfactory  cells,  670 

mucous  membrane,  669 

nerve,  671 

tract  and  bulb,  536 

grey  matter  of,  562 
origin  of,  566 
Olivary  (oliva,  an  olive)  bodies,  504 
development  of,  756 
superior,  514 

fasciculus,  505,  509 

nucleus,  504,  505 
Omenta,  348,  482 
Omentum  (the  caul)  gastro -splenic,  397 

great  or  gastro-colic,  485 

lesser  or  hepato-gastric,  484 
Operculum  (covering  or  lid)  in  cerebrum, 

525,  531 
Opistliotic    ('uinaBev,   behind  ;    ovs,    gen. 

ojTo'j,  the  ear)  centre,  733 
Optic  commissure,  536 
nerve,  origin  of,  567 

membranes  of,  145 
thalamus,  549 

development  of,  758 
grey  matter  of,  563 
tract,  533 

development  of,  759 
vesicles,  752,  762 
Ora  serrata  (serrated  boi'der),  605 
Organising  force,  5 
Organon  adamantina;,  320 
Os  (bone)  cordis,  255 
Os  orbiculare  sen  lenticulare,  636 
tincEe  (tench's  mouth),  463 
uteri  externum,  463 
uteri  intei-num,  463 
Osseous  tissue,  79.     See  BOXE. 
Ossicula  auditus,  635 
Ossification,  94 

in  cartilage,  97 
in  membrane,  94 
Osteoblasts  {oa-Teov,  a  bone  ;  ^Ka(n6s,  a 

germ),  97,  105 
Osteoclasts    {oareoy,    a  bone ;    K\dw,    I 

break),  105 
Osteodentine    {oaTeoy,    a  bone ;    dens,   a 

tooth),  324 
Osteogen  (dn-Teou,  a  bone  ;  yiyvdco,  I  pro- 
duce), 96 
Ostium  of  Fallopian  tube,  471 

uteri,  464 
Otoliths  (o5s,  gen.  wt6s,  an  ear  ;  \idos,  a 

stone),  651 
OvAEiES  {ovum,  an  egg),  471 

development  of,  479,  816,  826 
ligaments  of,  467,  472 
nerves  of,  480 
situation  of,  471 
structure  of,  472 
vessels  of,  480 
Tula  JS^abothi,  465 


Ovum,  476,  Gt:^ 

fecundation  of,  675 

formation  of,  478,  816 

incapsulation  of,  in  decidua,  710 

prodiiction  of  cells  in,  9 

segmentation  of,  676 

sti'ucture  of  imfecundated,  673 
Oxalic  acid,  3 
Oxygen  in  blood,  25 


Pacinian-  bodies,  147,  149 

distribution  of,  149 

end  of  nerve-fibres  in,  151 

function  of,  153 

in  skin,  216 

structure  of,  150 
Palate,  333,  334 

glands  of,  335 
Palmitin,  60 
Palmfe  plicatfe,  464 
Palpebrse  (wdpebra,  an  eyelid),  583 
Pancreas  (irai^,  all ;  Kp4as,  flesh),  394 

development  of,  781 

duct  of,  396 

head  and  tail  of,  394 

lesser,  395 

position  of,  347,  395 

size  and  weight  of,  394 

structure  of,  396 

varieties  of,  396 

vessels  and  nerves  of,  396 
Panniculus  adiposus,  59,  213 
Papilla  foliata,  32S 

lachrymalis,  583,  5S7 
Papillae  dental,  314,  317 

of  skin,  215,  216 

of  tongue,  327.     See  Tongue. 
Paradidymis  (Trapa,  near  ;  USvfxos,  testes), 

481 
Paraglobulin,  25,  30,  36 
Parenchymal  {iTapeyxviJi.a,  interstitial  in- 
fusion) tissue,  54 
Parepididymis  (Trapd,  near  ;  qmlidymis), 

451,  481 
Parotid  Gland  (rrapa,  near  ;  ovs,  gen. 
i}T6s,  the  ear),  335 

accessoiy,  336 

duct  of,  337 

position  of,  335 

vessels  and  nerves  of,  337 
Parovarium  {Tvapi,  near ;  ovccrium,  ovary), 
480,  481 

origin  ot,  821,  826 
Pars  ciliaris  retinas,  605 

intermedia  of  vulva,  459 
Pelvic  cavity,  346 
Penis,  430 

development  of,  812,  825 

form  and  attachments  of,  430 

glans  of,  430 

integument  of,  431 

ligament,  suspensory,  of,  431 

lymphatics  of,  436 

nerves  of,  431,  436 
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Penis — continued. 

vessels  of,  431,  434,  435 
Pepsin  (TreTTToi,  I  digest),  3 
Peptic  cells  and  glands,  354 
Pepton  (TreVTO),  I  digest),  30 
Perforated  space,  anterior,  536,  563 

posterior,  535,  562 
Pericardium    (Tepi,    about  ;    KapUa,    the 
heart),  239 
vestigial  fold  of,  242 
Perichondrium    (Trspi,     about  ;     x^^^P°^i 

cartilage),  72 
Perilymph  (Trepi,  about ;  hjm2)lia,  -water), 

641 
Perilymjjhangial  (-Kepi,    about  ;    lympJi  ; 

0177670^,  a  vessel)  nodules,  19S 
Perimysium  (Trept,  around ;  ,uGs,  a  muscle), 

108 
Perinfeuni,  development  of,  S24 
Perineurium     (^'epi,    about  ;     vevpou,     a 

nerve),  141 
Periosteum  (Trepi,  about;  offTeov,  a  bone), 91 
Peristaltic    {-KipiariKKw,   I    constrict    or 
narrow)    movement  of  the  intes- 
tines, 358 
Peeitoneuji     (irepi,     about  ;     Tiivu,     I 
stretch),  348,  481 
continuity  of,  traced,  48 1 
formation  of  folds  of,  778 
Perivascular  canals,  572 
IjTiiphatics,  183 
of  spleen,  401 
Pes  accessorius,  542 

hippocampi,  541 
Peyer's  glands,  365 
Pharynx  {(papvy^),  341 
attachments  of,  342 
development  of,  774 
mucous   membrane   and  glands  of, 

343 
Physical   properties  of  tissues,   2.     See 

also  under  each  tissue. 
Pia  mater,  571 
Pigment,  3,  51 

chemical  composition  of,  52 

deposition  of  in  cells,  1 1 

use  of,  52 
Pigment- cells,  movements  in,  12 
Pigment-molecules,  movements  of,  51 
Pineal  body  or  gland,  549 

development  of,  757 
Pinna  (a  feather),  626 

development  of,  772 

ligaments  of,  628 

muscles  of,  629 

nerves  and  vessels  of,  630 

structure  of,  628 
Pit  of  the  stomach,  347,  350 
Pituitary   [intuita,    phlegm    or    mucus) 

l^ocly,  535 

development  of,  734 
membrane  of  nose,  668 
Placenta  (n-AawoDs,  gen.  -KKaKowros,  a  flat 
cake),  710 
circulation  in,  719 


Placenta — continued. 
separation  of,  724 
structure  of,  718,  723 
Placentation,  710 

Plasma  (TrXdffo-w,   I  form)  of  blood,   19, 
24,  88  _ 
salts  in,  32 
of  chyle,  39 
of  lymph,  38 
Plastic  (TrAao-o-o),  I  form)  force,  5 

changes  in  cells,  1 1 
Plates,  subcranial,  facial,  or  pharyngeal, 

in  embryo,  73S 
Pleurte  {■K'Kevpd,  a  rib  or  side),  268 
development  of,  783 
nerves  of,  894 
structure  of,  269 
Pleuro-peritoneal  cavit}-,  685 
Plexus,  choroid.     Sec  Choroid  Plexus. 
Plexus  of  absorbent  vessels,  183 
interlaminar,  367 
of  nerves,  142 

Auerbach's,  368 
lleissner's,  368 
myentericus       {i^-vs,      muscle  ; 

evrepov,  intestine),  36S 
tympanic,  640 
of  veins,  hemorrhoidal,  379 

pampiniform  {iiavrpinus,  a  ten- 
dril :  forma,  shape),  454 
vaginal,  462 
Plica  gubernatris   (g'.uding    fold),    825, 
826 
semilunaris  (semilunar  fold)  of  eye- 
licl,_  583 
Plicie  semilunares,  48 1 
Pomum  Adami  (Adam's  apple),  2S0,  294 
Pons  hepatis,  3S2 
Pons  Varolii  (bridge  of  Varolius).  502. 

5" 

development  of,  756 

grey  matter  of,  512 
Portal  canals,  3  88 

fissure  of  livei*,  382 

vein,  384,  388 
Portio  dura,  568 

mollis,  145,  568 
Poms  opticus  (optic  pore),  607 
Postoral  {post,  behind  :  os,  the  mouth) 

pharyngeal  visceral  plates,  739 
Premolar  teeth,  303 
Preoral  ( jj?-ce,    before :    os,    the    mouth) 

pharyngeal  visceral  plates,  73S 
Prepuce  (2}rce2}utiurn,  foreskin),  431 

development  of,  825 
Primordial    {jrrivius,    first:     ordior,     I 
begin)  kidney,  805 

vertebras,  720 
Procerebrum    (pro,   fore  ;  cerc'brum,   the 

brain),  753 
Process,  external  nasal  in  embryo,  739 

superior  maxillary,  739 

vermiform,  515 
Processus  a  cerebello  ad  cerebrum,  551, 
552,  556 
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Processiis — continued. 

a  cereltello  ad  testes,  516 

arciformes,  506 

brevis  vel  obtusus,  636 

cuneatus     (wedge-sbaped     process), 
509. 

gracilis,  636 

lenticularis,  6t,6 

vaginalis  peritonei,  442,  823 
Pi-ojection-s3'stems  of  Meynert,  565 
Promontoiy  of  tympanum,  633 
Prootic  {iTph,  before  :  oZs,  gen.  wr6s,  the 

ear)  centre,  733 
Prosencephalon  {-KpSs,  before  ;  iyKecpaAoy, 

the  brain),  753,  755 
Pkostate  (Trpo,  before  ;  la-r-nixi,  I  place) 

GLANU,  427 

anterior,  440 

development  of,  S14,  S26 

fluid  of,  430 

levator  muscle  of,  429 

position  and  characters  of,  427 

structure  of,  429 

vesicle  of,  438 

vessels  and  nerves  of,  430 
Protagon  {irpSiTos,  first ;  ii.yai,  I  lead),  3,  25 

in  nerve-tissue,  159 
Proteids  {protein;  ilSos,  form),  33 
Protein  (Trpciros,  first)  bodies,  30 
Protoplasm    [irpwros,    first ;     irXdacro},    I 
form)  of  animal  cells,  10,  15 

contractility  of,  12 

of  vegetable  cells,  7 
Protoplast,  8,  15 
Protovertebrte  (TrpwroF,   first  ;    vertebra), 

693 

segmentation  of,  728 
Proximate  constituents  of  the  body,  3 
Pseudostomata  {i\ievZ7]s,   false  ;    ardfia,    a 

mouth),  198 
Pterygo-palatine  plates,  789 
Pulmonary  arter}'-.     Sec  AiiTEEY, 

veins.     Sec  Veixs. 

vesicles,  275 
Pulvinar,  549 

Punctum  lachrymale,  583,  587 
Pupil  of  eye,  601,  602 
Pupillary  membrane,  603,  768 
Purkinje,  cells  of,  521 
Pyloric  glands,  354 
Pylorus   [TTvXwpos,   a    gate-keeper),  349, 

356 
Pyramid  in  cerebellum,  518 

of  thyroid  bod}',  295 

in  t3'mpanum,  634 
Pyramids  of  medulla  oblongata,  anterior, 

504 
development  of,  756 
posterior,  505 
of  kidney,  Ferrein's,  406 
Malpighi's,  403 

Eacejiose  (racemiis,  a  cluster  of  grapes) 

glands,  234 
Eanvier's  I'.odes,  129 


Piaphe  {^atpri,  a  seam  ;  from  ptxTcrw,  I  sew) 
of  corims  callosum,  537 
of  medulla  oblongata,  506,  510 
pons  Varolii,  512 
scrotum,  441 
tongue,  326 
Recto-uterine  folds,  467 
Eecto-vesical  folds,  422 

pouch,  421,  481 
Eectum  {intcstinum  rectum,  the  straight 
intestine),  376 
mucous  membrane  of,  379 
position  and  course  of,  377 
structure  of,  378 
vessels  and  nerves  of,  379 
Eegeneration  of  textures,   16.     See  also 

the  various  tissues. 
Eeissner's  membrane,  656 
Renes  succenturiati,  413 
Eeproductive  organs,  female,  456 
male,  427 

development  of,  699,  814 
Eespiration,  organs  of,  263 
Eestiform  {resiis,   a  cord  ;  forma,  shape) 
bodies,  505 
development  of,  756 
Eete  mirabile,  166 
nnicosum,  212 
vasculosuni  testis,  448 
Eeticular  tissue,  53,  69 
Eeticuluni  (dim.  of  rcte,  a  net)  of  nervous 

tissue,  69,  136 
Eetina  (rctc,  a  net),  605 
ciliary  part  of,  617 
development  of,  763,  765 
layers  of,  608 

bacillary,  612 
ganglionic,  608 
molecular,  inner,  609 

outer,  610 
of  nerve-fibres,  608 
nuclear,  inner,  609 

outer,  611 
pigmentary,  615 
of  rods  and  cones,  612 
microscopic  structure  of,  607 
sustentacular  tissue  of,  615 
vessels  of,  618 
Eetinacula   (restraining  bands)   of  ileo- 
cecal valve,  375 
Eigor  mortis,  1 25 
Eima  (cleft)  of  glottidis,  285,  2S6,  288 

of  pudendum,  456 
Eods  of  Corti  in  ear,  658 

of  retina,  727 
Eoot-sheath  of  hair,  222 
Eosenmiiller,  organ  of,  481,  S26 
Eostrum  (a  beak)  of  corpus  callosum,  538 
Eugse  (wrinkles)  of   mucous  membrane, 
205 
of  stomach,  353 
vagina,  460 

Saccular  {saxcidus,  a  little  bag)  glands, 
234 
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Sacciile  of  vestibule,  646 
Sacciili  of  larynx,  287 
Sacculus,  vesical,  425 
Salivary  cells,  339 
Salivary  glands,  335 

structure  of,  339 

vessels  and  nerves  of,  341 
Salivin,  3 
Salts  of  blood,  32 

in  muscular  tissue,  122 

in  nerve-tissue,  160 
Santorini,  cartilages  of,  282 
Sarcolemma  {adp^,  flesh  ;  ^e/x/xa,  a  husk), 

III 
Sarkin,  3,  31 

in  muscle,  122 
Satellite   {sateUes,  an  attendant)  veins, 

172 
Scalse   {scala,  a  stair),   of  cochlea,  643, 

644 
Scarf-skin,  211 
Schneiderian  membrane,  668 
Schreger's  lines,  308 
Sclerotic  {(TK\r]p6s,  hard)  coat,  589 

develoj)ment  of,  767 

structure  of,  591 
Scrobiculus  (a  small  pit)  cordis,  347,  350 
Scrotum  (a  hide),  441 

development  of,  825 
Sebaceous  {sebum,  suet)  glands,  229 
Secreting  apparatus,  233 

cells,  232 

fringes,  233 

glands,  231 

membrane,  233 
Secretion  {secerno,  1  separate),  231 

cell-agency  in,  232 
Segmentation  of  protovertebrce,  72S 

of  yelk  or  germ,  9,  676 
partial,  68 1 
secondary,  68 1 
Semen,  454 
Semicircular  canals,  641 

membranous,  646 
Semilunar  valves,  248,  251 
Seminal  granules,  454 

ducts,  454 

tubes,  447 

vesicles,  451 
Semipenniform  muscles,  109 
Sense,  muscular,  123 
Senses,  organs  of,  583 

development  of,  695 
Sensibility,  6 

Sensory  terminal  organs,  147 
Septula  renuni,  404 

Septum  (a  partition,  from  se^yio,  I  hedge 
in)  of  heart,  244,  246.  See  Heart. 

lucidum,  540,  543 

of  medulla  oblongata,  506 

nasi,  665 

pectiniforme   (comb-like  imrtition), 

432 
of  pons  Yarolii,  512 
posticum  of  spinal  cord,  574 


Septum — continued. 

scroti,  442 

of  tongue,  333 

transversum  of  semicircular  canals, 
647,  649 
Serosity,  30 

Serous   mejibranes.   General  Anatomy 
of,  196 

apertures  in,  198 

epithelioid  lining  of,  197 

fluid  of,  199 

form  and  arrangement  of,  196 

inflammation  of,  200 

lymphatics  opening  on,  180 

lymphatics  of,  198 

nerves  of,  199 

reparation  of,  200 

structure  and  properties  of,  197 

vessels  of,  198 
Serum  of  blood,  19,  30 

of  chyle,  39 
lymph,  38 
Sesamoid  fibro- cartilages,  79 
Sigmoid  (^,  a  form  of  the  letter  uiyfxa  ; 
ii^os,  sha]3e)  flexure  of  colon,  376 

valves,  aortic,  251 
pulmonary,  248 
Sinus  (a  hollow)  circularis  iridis,  595 

coronary,  of  heart,  246 

pocularis  (cup-like  sinus),  438 

prostatic,  438 

uro-genital,  811 

venosus,  244,  248 

of  vestibule,  645 
Sinuses  of  veins,  174 

of  Valsalva,  252 
Skeleton,  development  of,  725 
Skix,  General  Anatomy  of,  211 

chemical  composition  of,  213,  217 

functions  of,  230 

glands  of,  226 

fllaments,  454 

lymphatics  of,  216 

Malpighian  layer  of,  212 

nerves  of,  156 

reproduction  of,  230 

vessels  of,  216 

vital  properties  of,  230 
Smegma  prfeputii,  955 
Somato-pleural  (aSiixa,  a  body ;    irAevpd, 

side)  elements,  685,  693 
Solitary  glands,  210 

of  small  intestine,  364 
Space,  perforated,  anterior,  539 

posterior,  536 
Spectrum  analysis  of  blood,  27 
Spermatic  cells,  447 
Spermatic  cord,  coverings  of,  441 

vessels  and  nerves 
of,  444 
structure  of,  440 
Spermatic  fascia,  442 

filaments,  454 
Spermatoblast  (o-Trep^a,  seed  ;   l3\a<Tr6s,  a 
germ),  S15 
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Spermatozoa    [ffwipixa,     seed  ;     C^ov,  an 

animal),  454 
Spiiinctei'    [(y<piyyw,    1    bind)    of    anns, 
internal,  380 

of  bladder,  425 

of  larynx,  293 

of  pupil,  602 

vagina?,  461 

vesica?,  425 
Spixal   cokd,  Descriptive  Anatomy  of, 
489 

central  canal  of,  496,  500 
ligament  of,  492 

columns  of,  494 

commissures  of,  493,  496,  500 

connective  tissue  of,  497 

development  of,  746 

fibres  of,  509 

enlargement  in,  491 

external  form  of,  489 

fissures  of,  492 

grey  matter  of,  496,  497 

internal  structure  of,  494 

ligaments  of,  4S9 

membranes  of,  489,  570,  572 

minute  structure  of,  497 

origin  of  nerves  from,  501 

size  of,  491 

terminal     filament    of,     4S9,     '492, 
500 

white  substance  of,  495,  497 
Splanchno-pleural    {(nrXdyxva,    entrails  ; 
irAevpd,  a  side)  elements,  685,  693 
Spleen  {aTr\7iv),  397 

accessory,  39S 

blood-vessels  of,  399 

coats  of,  39S 

corpuscles  of,  399 

development  of,  782 

hilus  or  fissure  of,  397 

lymphatics  of,  401 

nerves  of,  401 

position  of,  348,  397 

pulp  of,  399 

size  and  weight  of,  397 

structure  of,  39S 
Splenculi  (little  spleen),  398 
Si-ilenic  artery,  399 

flexure  of  colon,  376 
Stapes  (a  stirrup),  636 
Stearin  (a-jeap,  tallow),  60 
Stellulee  of  Verheyen,  412 
Stenson's  duct,  337 
Stigma  in  ovarj-,  474 
Stomach,  349 

areolar  coat  of,  352 

changes  in  colour,  after  death,  352 

connections  of,  349 

development  of,  776 

dimensions  of,  349 

epithelium  of,  353 

fundus  of,  349 

glands  of,  353,  354 

lymphatics  of,  356 

lymphoid  accumulations  in,  355 


Stomach—  continued. 

mucous  membrane  of,  352 

muscular  coat  of,  350 

nerves  of,  356 

position  of,  347,  349 

pylorus,  349,  356 

rugre  of,  353 

shape  of,  349 

structure  of,  350 

tubules  of,  353 

vessels  of,  351; 
Stomata  (o-rcJ/xa,    a   mouth),    in    serous 

membranes,  189,  198 
Stria  terminalis,  549 
Strife  longitudinales,  537 

meduUares,  506 
Stroma    (a-rpwfjLa,   a  bed),    of  lymphatic 
glands,  193 

intertubular,  of  kidney,  413 

of  ovaries,  473 

of  suprarenal  bodies,  415 
Structural  elements  of  the  body,  2 
Subarachnoid  space,  573 
Subcranial  or  pharyngeal  arches,  738 
Subhyoid  or  cervical  arch,  740 
Sublingual  gland,  335,  338 
Sublobular  veins  of  liver,  387 
Submaxillary  gland,  335,  337 
Submucous  tissue,  53,  205 
Subserous  tissue,  53,  197,  273 
Substantia  cinerea  gelatinosa,  496,  498 
Sudoriferous  glands,  226 

contents  of,  228 

development  of,  228 
Sugar  in  blood,  32 

in  human  body,  3 

in  muscle,  122 
Sulci  (furrows)  in  brain,  523 
Sulcus,  auriculo-ventricular,  243,  255 
Suprarenal    Bodies    or    Capsules, 

413 

accessory,  416 

cortical  part  of,  415 

development  of,  813 

fibrous  investment  of,  415 

forms  and  position  of,  413 

function  of,  417 

lymphatics  of,  416 

medullar}^  part  of,  415 

nerves  of,  416 

size  and  weight  of,  414 

structure  of,  414 

vessels  of,  416 
Sustentaculum    lienis    (support   of    the 

spleen),  376 
Sweat-glands,  226 
Sympathetic  nerve.    See  Nerve,  Svjipa- 

ti-ietic. 
Synovia,  204 
Synovial  bursfe,  201 

capsules,  200 

folds  or  fringes,  200 

membranes,  200 

development  of,  204 
nerves  of,  204 
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Synovial  memljranes,  structure  of,  202 
vessels  of,  203 
slieatlis,  201 
Sj-ntouin  (ffur,  togetlier ;  reiVw,  I  stretcli), 

3.  30 

in  muscle,  121 
Systems,  organic,  i 


Tactile  (tadus,  toucli)  corpuscles,  147, 
148 

papillre,  216 

sensibility,  230 
Taenia  {raivia,  a  band  or  ribbon)  liippo- 
campi,  542,  544 

semicircularis,  541,  549 
Tapetum  (a  carpet),  556 
Tarsal  {tarsus,   the  cartilr.ge  sux:)porting 

the  eye)  cartilages,  584 
Taste-buds  in  tongue,  328 
Tectorial  membrane,  658,  661 
Teeth,  301 

arrangement  in  jaws,  301 

changes  in  jaw  during  growth  of, 

323 

characters  of,  general,  301 
follicular  stage  of,  315 

formation  of,  313 
hard  tissues  of,  307 

formation  of,  318 
permanent,  302 

calcification  of,  323 

cavities  of  reserve  of,  321,  323 

development  of,  321 

eruption  of,  323 
pulp  of,  306 
sacs  of,  316 
structure  of,  306 
temporary,  301,  306 

development  of,  313 

eruption  of,  320 

shedding  of,  322 
Tegmentrmi  of  crura  cerebri,  555 
Tela  choroidea  (the  choroid  web),  545 
Tendons  (reivbi,  I  stretch),  63 

connection  with  muscles,  115 
Tentorium  (a  tent,  from  Undo,  I  stretch), 

571 
Testes  (testicles),  44c,  445 
capsule  of,  446 
connective  tissue  of,  237 
coverings  of,  440 
descent  of,  823 
develox^ment  of,  815 
excretory  duct  of,  450 
secretion  of,  4.55 
situation  and  character  of, 445 
structure  of,  445 
minute,  447 
(in  cerebrum),  551 
muliebres,  471 
Textures  in  general,  i 

chemical  composition  of,  3 
development  of,  6 
enumeration  of,  i 


Textures — contimud. 

nutrition  and  regeneration  of,  16 

physical  properties  of,  2 

vital  properties  of,  4 
Thalamus    opticus    (optic    couch).     S'C 

Optic  thalamus 
Thalamencephalon  (thalcmnis ;  iyK^)a\ov, 
the  brain),  751,  753,  755 

parts  formed  from,  757 
Tlieca  (sheath)  of  spinal  cord,  4S9,  570 
Thoracic  duct,  37,  190 

viscera,  239 
Thymus  Gland,  297 

development   and  growth  of,   290, 
7S2 

lobes  of,  298 

lymphatics  of,  299 

position  of,  297 

structure  of,  298 

vessels  and  nerves  of,  299 
Thyro-hyoid  arch,  740 

membrane,  283 
Thyroid  {Qvpe6s,  a  shield  ;  ii^os,  shape) 

BODY  OF  GLAND,   295 

development  of,  297,  782 

fluid  otj  296 

lobes  of,  295 

pathological  changes  in,  297 

structure  of,  296 

vessels  and  nerves  of,  297 
Thyroid  cartilage,  280 
Tomentum  (flock  of  wool,  hair,  &c.)  cere- 
bri, 572 
Tongue,  325 

dorsum  of,  326 

frgenum  of,  325 

glands  of,  330 

mucous  membrane  of,  325 

muscles  of,  331 

nerves  of,  333 

papillfe  of,  circuravallate,  327 
conical  and  filiform,  329 
fungiform,  327,  329 
secondary,  329 

raphe  of,  326 

septum  of,  333 

vessels  of,  333 
Tonicity  (tovos,  tension)  of  arteries,  171 
Tonsils,  335 
Touch-bodies,  148 

Trabecule  (dim.  from  trahs,  a  b  earn)  of 
corpus  cavernosum,  433 

cranii,  738 

of  lymphatic  glands,  193 

of  spleen,  398 
Trabs  cerebri  (corpus  callosum).  537 
Trachea    {artcria    trachea,    the    rough 
artery ;  rpaxvs,  rough),  263 

cartilages  of,  266 

changes  in,  after-birth,  272 

development  of,  782 

elastic  tissue  of,  267 

glands  of,  267 

mucous  membrane  of,  267 

muscular  fibres  of,  266 
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Tkachea — continued. 

situation  of,  263 

structure  of,  266 

vessels  and  nerves  of,  267 
Tract,  olfactory.     Sec  Olfactory. 

optic.     See  Optic. 
Tractus  intermedio-lateralis,  499 

spiralis  foraminulentus,  662 
Tragus  (rpdyos,  a  goat),  627 

muscle  of,  629 
Trapezium  in  pons  Varolii,  511 
Tricuspid  {ires,  tliree  ;  cuspis,  the  point 

of  a  weapon)  valve,  247 
Trigone     (triangle,    from    rpeis,    tliree ; 

yuvia,  an  angle)  of  bladder,  423 
Triolein,  60 
Tripalmitin,  60 
Triplolalastic  (rpnr\6o^,  triple  ;  P\a(n6s, 

germ)  ovum,  683 
Tristearin,  60 
Tuber  annulare,  511 

cinereum,  535 

cochleae,  633 

olfactoriuni,  537,  562 
Tubercle,  grey,  of  Kolaiido,  510 

laminated,  518 

of  Lower,  245 
Tubercula  qimdrigemina,  551 
Tuberculum  pharyngeum,  343 
Tubular  glands,  209 

nerve-fibres,  126 
Tubules,  dentinal,  307,  308 
Tubuli  seminiferi,  447 

of  stomach,  353 

uriniferi,  405 
Tunica  adventitia  of  arteries,  1 70 

albuginea  of  testicle,  446 
of  ovary,  472 

choroidea,  598 

chorio-capillaris,  600 

granulosa  of  Graafian  follicle,  475 

propria  of  labyrinth,  649 
of  spleen,  398 

Euyschiana,  600 

vaginalis,  443 
oculi,  589 

A'asciilosa  testis,  447 
Tutaraina  oculi  (defences  of  the  eye),  583 
Tyjii'ANUM  {rvfjL-navov,  a  drum)  or  middle 
ear,  631 

development  of,  772 

ligaments  and  muscles  of,  637 

membrane  of,  632 
lining,  639 

vessels  and  nerves  of,  640 

walls  of,  633,  634 
Tyrosin,  3 

in  blood,  32 
Tyson's  glands,  43 1 

Umbilical  {umbilicus,  the  navel)  fissure 
of  liver,  382 
region,  347 

contents  of,  348 
vessels,  800 


Urachns  (ovpoy,  urine  ;  exo),  I  hold),  814 
Urea,  3 

in  blood,  31 
Ureteks  {ovpew,  I  pass  urine),  417 
development  of,  813 
orifices  of,  423 
structure  of,  418 
varieties  of,  418 
vessels  and  nerves  of,  418 
Urethra  {olpov,  urine),  427 
female,  459 

glands  of,  460 
mucous  membrane  of,  460 
orifice,  457,  459 
male,  436 

bulb  of,  435 
crest  of,  438 
development  of,  825 
fossa  navicularis  of,  439 
glands  and  lacuna  of,  439 
length  of,  436 
mucous  membrane  of,  439 
orifice  of,  external,  439 

internal,  423 
portion  of,  membranous,  438 
bulbous,  439 
prostatic,  436 
spongy,  439 
Uric  acid,  3 

in  blood,  31 
in  nerve-tissue,  160 
Urinary  bladder,  419.     See  Bladder. 
organs,  402 

development  of,  699,  804 
vesicle,  704 
Uriniferous  tubes,  405 

development  of,  812 
Utero-gestation,  710 
Uterus  (womb),  462 
blood-vessels  of,  467 
cavity  of,  464 
cervix,  or  neck,  463 
changes  in,  468 
from  age,  469 
in  gestation,  121,  468,  711 
in  menstruation,  211,  468 
development  of,  819,  826 
fundus  of,  463 
glands  of,  466 

in  formation  of  decidua,  716 
relation  of,  to  placenta,  722 
ligaments  of,  467 
malformations  of,  470 
mucous  membrane  of,  465 
changes  in,  711 
separation  of,  724 
muscular  tissue  of,  464 
nerves  of,  468 
OS,  or  mouth  of,  external,  463 

internal,  464 
position  of,  462 
structure  of,  464 
Utricle  (utricuhis,  a  small  bag)  of  male 
urethra,  438 
of  vestibule  of  the  ear,  645 
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Uvea  (uva,  a  cluster  of  grapes),  603 
Uvula  (dim.  of  uva)  of  bladder,  423 
of  cerebellum,  518 


Vacitoles  in  pale  corpuscles,  23 
Vagina  (sheath),  460 

development  of,  819,  826 

glands  of,  461 

orifice  of,  457 

sphincter  of,  461 

vessels  and  nerves  of,  462 
Vagina    cellulosa    (cellular    sheath)    of 

nerves,  141  note 
Vaginal  arteries  of  liver,  390 

synovial  membranes,  201 

veins  of  liver,  389 
Vallecula  of  cerebellum,  516,  51S 
Valve  or  valves  of  Bauhin,  375 

of  foramen  ovale,  789,  799 

of  heart.     See  Heart. 

ileo-csecal,  or  ileo-colic,  375 

of  Kerkring,  359 

of  lachrymal  sac  and  canals,  588 

of  lymphatics,  188 

ofTulpius,  375 

of  veins,  174 

of  Vieussens,  552 
Valvulse  conniventes,  205,  359 
Varicose  nerve-iibres,  129,  130 
Vas  aberrans  of  testis,  451,  822 

deferens,  449,  450 

development  of,  822,  826 

spirale  (spiral  vessel),  656 
Vasa  afferentia  and  efferentia  of  lymphatic 
glands,  192 

efferentia  of  testis,  448 

development  of,  823,  826 

lactea,  844 

recta  of  kidney,  412 
of  testis,  448 

vasorum,  arteries,  170 
veins,  174 
lymphatics,  176 

vorticosa,  599 
Vascular  glands,  238 

system,  development  of,  696 
Vaso-motorial  nerves,  161 
Veins,  General  Anatomy  of,  1 72 

anastomoses  of,  172 

coats  of,  173 

contractility  of,  174 

development  of,  796 

distribution  of,  172 

formation  of,  163 

peculiarities  of,  173 

pulsation  in,  174 

satellite,  172 

structure  of,  172 

vital  properties  of,  174 
Veins,  bronchial,  279 

cardiac,  openings  of,  246 

cardinal,  797 

central,  of  liver,  387 

coronary,  of  heart,  246 

VOL.  II. 


Veins — continued. 

of  Galen,  546 

hepatic,  384,  388 

innominate,  development  of,  798 

interlobular,  388 

intralobular,  317,  388 

jugular,  primitive,  796,  798 

laryngeal,  294 

omphalo-mesenteric,  796 

portal,  384,  388 

pulmonary,  distribution  of,  278 
opening  of,  248 

renal,  blood  of,  34 

sublobular,  387,  388 

umbilical,  802 

closure  of,  803 

vaginal,  in  liver,  389 

vertebral,  posterior,  797 
Velum  medullare  anterius,  552 

interpositum  of  brain,  541,  545' 

pendidum,  palati  334 

posterior  medullary,  518 
Vena  portse,  384,  388 
Vense  cavse,  openings  of,  280 

cordis  minimse,  246 

hepaticae  advehentes  and  revehentes, 
726 
Ventricles  {ventriculus,  dim.  of  venter,  a 
belly),  cerebral,  of  Ai'antius,  506 

fifth,  543 

fourth,  512 

floor  of,  506,  512 
lining  membrane  of,  513 

lateral,  539 

of  septum,  or  Sylvian,  543  . 

third,  546 

of  heart.     See  Heart. 

of  larynx,  285,  287,  288 
Vermicular  motion  {vermiculus,  dim.  of 

vermis,  a  worm),  358 
Vertebrae,  formation  of,  692,  725 

primordial,  728 
Veramontanum  {veru,  ridge),  438 
Vesica    urinaria,    419.     See    Bladder, 

Urinary. 
Vesicula  prostatica,  438 
Vesico-uterine  folds,  467 
Vesiculffi  seminales,  451 

development  of,  822,  826 
Vessels.     See   Arteries,  Capillaries, 

and  Veins 
Vestibule,  aortic,  253 

of  ear,  641 

membranous,  645 

of  vul7a,  457 
Vibrissse,  665 
Villi  (villus,  shaggy  hair),  209 

of  chorion,  709 

of  small  intestine,  359,  360 
Vis  nervosa,  6 
Vital  aflSnity,  5 

capacity  of  lung,  271 

properties  of  textures,  4.     /See  each 
tissue 
Vitality,  4 
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Vitelline  (vitclkis,  yelk)  membrane,  476, 

673 
Vitellus,  476,  673 
Vitreous  {vitrum,  glass)  body,  619 

development  of,  764,  767 
Vocal  cords,  false,  2S5,  287 

true,  284,  287 
Voice,  organ  of,  2  So 
Voluntary  muscles,  loS 
Vulva,  456 

erectile  tissue  of,  458 

glands  of,  458 

mucous  membrane  of,  45  8 

nerves  of,  459 

vessels  of,  459 

"Wharton's  duct,  337 

jelly,  69 
Windpipe,  263 
Wisdom  tooth,  305 


Wolffian  bodie?,  480,  699,  804,  826 

homologies  of,  809 

origin  of,  806 

duct,  809,  826 
Womb,  462.     See  Uterus. 
Wrisberg,  cartilages  of,  283 

Yellow  cartilage,  72,  78 

fibres  of  areolar  tissue,  55 
tissue,  66 

Yolk,  476,  673 

segmentation  of,  9,  676 

Yolk-sac,  700 

Zona  glomerulosa,  415 

pectinata,  763 

pellucida,  476,  478,  673 

reticularis,  415 
Zones,  abdominal,  346 
Zonula  of  Zinn,  620 
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